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HUMAN ANATOMY 


INTBODtJCTJ.ON 

T he tenn human anaiomij cornprisos a consideration of the various struc- 
tures which make up the human organism. In a restricted sense it 
deals merely with Itu^ parts which form tlie fully developed individual and 
vliich can be rendered evident to the naked eye by various methods of dissec- 
tion. H<‘ga-rded from such a standpoint it may bo studied by two methods: 
(1) the various structures may be separatc^ly considered sy,<il(7natic anatomy; 
or (2) the organs and tissu(\s may be studied in relation to one another — 
to poyra phifUil or regional anatomy. 

It is. however, of much advantage to add to the facts ascertained by naked-* 
(‘ye (lissection those obtained by the use of the jnicroscop(^ 'I’his introduces 
two ti(‘lds of invc^stigation, viz. the study of tiic minute structure of the various 
(;om])onent ])arts of the body — hintology ; and the study of the human o?‘ganism 
in its iinmaturc condition, i.e. the various stages of its intra-uteriric develof)- 
nuuxt from tlm fcrtilis(id ovum up t6 the period wfleh it cassumes an independent 
existence — vmhryology. OK'ing to the 'difficiulty of obtjiining material illus- 
trating all th(^ stages of this early dovclopmcmt, gaps must be filled up by 
observations on the development of loxxer forms - embryology, or 

by a consideration of adult forms in the line of human ancestry — comparative 
anatomy. Finally, the direct application of the fads of human anatomy to 
th(c various pathological. ;Condit ions which may oc^cur constitutes the subject 
of applied anatomy. • • 

• Systematic anatomy. -The various systems of which the human body is 
composed are grouped under the following headings : 

1. 08teology~t\\o bony system or skeleton. 

2. Syndesmology — the*, articulations or joints. 

3. Myology — the muscles. With tho description of tho muscles it is 
convenient to include that of the fascia^ which arc so intimately connected 
with them. 

4. Angiology — the vascular system, comprising the heart, blood-vessels, 
lymphatic vessels and lym2)hatic glands. 

5. N eurology --i\\G nervous system. The organs of sense may be included 
in this system. ^ * 

6. Splanchnology — the visceral system. Topographically tho viscera form 
two groups, viz. the thoracic viscera and the abdomino-pel vie viscera. The 
heart, a thoracic viscus, is best considered with the vascular system. Tho 
rest of the viscera may be grouped according to their functions : (a) the 
respiratory system ; {b) the alimentary system', and (c) the genito-urinary system. 
Strictly speaking, the third sub-group should include only such components 
of the genito-urinary system as are included within the abdomino- 2 )elvic 

B 



2 \ INTRODUCTION 

cavity, but it is convenient to study under this heading certain part^ which 
lie in isolation to the surface, of the body, e.g. the testes and the external organs 
of generation. , 

For descriptive purposea^the body is supposed to bo in the erect posture, 
with the arms lianging by the sides and the palms of the hands directed 
forwards. The mesial plane is a vertical antero-postcrior plane, passing through 
the centre'nf the trunk. I^his plane will pass approximately through the 
sagittal suture of the skull, and hence any plane parallel to it is termed a 
sagittal plane. A vertical plane at right arigU^s to the mesial plane passes, 
roughly speaking, through the central part of tlie coronal sutui'e or through 
a line parallel to it ; such a plane is therefore known as a coroyial plane or some- 
times as n frontal plane, A plane at right anglers to boili tlie mesial and coronal 
planes is termed a transverse plane. 

The terms uw^enor or ventral, and posterior or dormi, arcj employed to indicate 
the relation of parts to the front or back of tlie body, and the terms superior 
or cephalic, and inferior or caudal Ao indicate ilie retail ve hovels of different 
structures. 



HISTOLOGY 


THE ANIMAL CELL (% 1) 

A ll tlie tissues and organs of the body oi-i^^inato from a microscopic structure 
(the fertilised ovum), which consists of a soft jelly-like granular material 
enclosed in a membrane, and containing a vesicle or small spherical body inside 
which are one or more denser spots. This may be regarded as a complete cell. 
All the solid tissues consist largely of cells essentially similar to it in nature but 
ditfering in external form. 

In the higher organisms a cell may be defined as ‘ a nucleated mass .of 
protoplasm of .microscopic size.’ Its two e^^ieutials, therefore, are: a soft.jeUy- 
like granular material, similar to that found in the ovum, and usually styled 
protQpLasm ; and a small spherical body imbedded in it, and termed a 

Fig. 1. —Diagram of a cell. (Modified from Wilson.) 
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The other constituents of the ovum, viz. its limiting membrane und the denser 
spot contained in the nucleus, calle<'i the nucleolus, are not essential to the type- 
cell, and in fact many cells exist without them. 

Protoplasm {cidoplasm) is a material probably of variable constitution during 
life, blit yieTding on its disintegration bodies chiefly of protein nature. Lecithin 
and cholesterin are constantly found in it, as well as in org anic salts, chief 
among which are the phosphates and chlorides of the allrSTliqjptals and of 
calcium. * ^ It is of a semi-Tfiiiid, viscid consistence, and appears cither as aJiyaline 
substance, homogeneous and clear, or else it exhibits a granular appearance. 
Under a high power of the microscope protoplasm is seen to consist of an elastic 
and refractile network or reticulum, containing in its meshes a clear, semi-fluid, 
homogeneous substance. The reticulum is composed of a material known as 
spongioplasm, while the enclosed substance is termed hyaloplasm. The granular 
appeartoCe is often caused by the knots of the network ; but, in addition to 


In certain lower forms of life, masses of j)rotoplasm without any nuclei have been 
described by Huxley and others, as cells. 

b2 
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these, protoplasm frequently coutains true granules, some of which are protein in 
nature and probably essential constituents ; others are fat, glycogen or pigment 
granules, and are regarded, as adventitious material taken in froni without, and 
hence are styled cell-inclusions or paraplasm. The size and shape of the meshes 
of the spongioplasm vary in (fiffcrent cells and in different parts of the same cell. 
The relative amounts of spongioplasm and hyaloplasm also vary in different cells ; 
the latter preponderating in the young cell and the former increasing at the 
• expense of the hyaloplasih as the cell grows. In many fixed cells, e.g. epithelial 
cells, the periphery becomes denser than the rest, and often altered by the 
deposition in it of a substance, the so-called cement, the nature of which is 
unknown. This cement substance separates the cells from each other, and has 
been termed by some histologists the cell- wall ; when treated with dilute solutions 
of silver nitrate and then exposed to light it turns a •deep brown or black colour. 

The most striking characteristics of protoplasm are its vital properties of 
motion and nutrition. Its movements, on account of their resemblance to those 
observed in the Amooba or Psoteus animalcule, have b(*cn termed ‘ amoeboid 
movements.’ Nutrition is the power which protoplasm has of attracting to itsell 
from surrounding matter the materials necessary for its growth and maintenance. 
Any foreign particle whicli comes in contact with the protoplasmic substance 
becomes incorporated in it, being enwrapped by one or more processes projected 
from the parent mass. When thus taken up, it may become an integral part of 
the cell or may remain in the substance of the protoplasm for some time without 
change, or may be rapidly extruded. 

The Nucleus is a minute body, imbedded in the protoplasm, and usually of a 
spherical or oval form, its size having little relation to the size of the cell. It is 
surrounded by a well-defined wall, the nuclear membrane ; this enclostis the 
nuclear substance (nuclear matrix), which is composed of a homog(in(‘OU8 material 
c.ontaining a substanc.e known as paralinin, and a stroma or ncitwork. The 
former is probably of the same nature as the hyaloplasm of the cell ; but the 
latter, which forms also the w'all of the nucleus, differs from the s})()ngioplasm 
of the cell substance. It is sometimes known as the chrofnoplasm or intranuclear 
network, and consists of a network of fibres or filaments arranged in a reticular 
manner. The substance of the filaments stains very readily with ( (jrtain dyes, 
and is therefore named chromatin ; it is supported by number of fine threads 
of a material known as linin wliicli staina only faintly or m)t at all. The 
interstitial substance does not stain readily, and is hence*, called achrofnatin. 
In some nuclei tlie chromoplasm does not form a network, but presents the 
ap})carance of a convoluted skein, similar to that found in a nucleus about to 
underp) division. , 

Within the nuclear matrix are one or more highly refracting’ ^dies, termed 
n'ncleoli, connected with the nuclear membrane by the nuclear Tliey 

are regarded as being of two kinds. Some are mere local cond(mflatione^i(-^gt‘ 
knots ’) of the chromoplasm ; these are irregular in shape and are t(irmed 
nucleoli ; others are distinct bodies differing from the pseudo-nudeoli both m' 
nature and chemical composition ; they may be termed true nucleoli, and are^^ 
usually found in resting cells. 

The nuclear substance differs chemically from ordinary protophasm in containing 
nuclein, in its power of resisting the action of acids and alkalis, in ita* imbibing 
more intensely the stain of carmine, hajmatoxyliii, and in its remaiuing 
unstained by some reagents which colour ordinary protoplasm. 

Most living cells contain, in addition to their protoplasm and nucieus, a minute 
particle which, on account of the power it apfiears to possess of attracting the 
surrounding protoplasmic, granules, is termed the attraction particle or centrosome ; 
it usually lihs near the nucleus. The spherical Arrangement of fibrillar rows of 
granules surrounding the particle is termed the attraction centrospher^ 

As a rule there are in each cell two spheres connected by a spindfMhaped system 
of delicate fibrils {achromatic spindle). They are best seen in young cells- which are 
about to undergo the process of division, a process believed to. commemee in these 
. bodies. 

Reproduction of cells is effected either by indirect or by ‘'Wrect division. 
Indirect division or ka/ryohinesis {karyomitosis) has been observed in all the 
tissues — generative cells,, epithelial tissue, connective tissue, muscular tissue, and 
nerve tissue, and probably it will ultimately bo shown that the division of cells 
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alwa 3 rs takes place in this way, and that the process of reproduction of cells by 
direct division is, as some observers believe, merely a sort of imperfect or 
abnormal karyokinesis. • 

The process of indirect cell division is characterised by a series of complex 
changes in the nucleus, leading to its subdivision ; this is followed by cleavage 
of the cell protoplasm. Starting with the nucleus in the quiescent or resting 
stage, these changes may be briefly grouped under the ^ur following phases : 

1. Prophase, — The nuclear network of chromatin fiTaments assumes the form 
of a twisted skein or spirem, while the nuclear membrane and nucleolus disappear. 
The convoluted skein of chromatin divides into a definite number of V-siiap€(d 
segments or chromosomes. The number of chromosomes varies in different animals 
.—in man it is believed to be always sixteen. Coincident with or preceding these 
changes the centrosome, or attraction particle, which usually lies by the side of 
the nucleus, undergoes subdivision, and the two resulting ceiitrosomes, each 
surrounded hy a centrospliere, are seen to be connected by a spindle of delicate 
achromatic fibres, the achromatic spindle. The* centrosomes move away from 
each other — one towards either extremity of tlie nucleus — and the fibrils of the 
achromatic spindle are correspondingly lengthened. The centrosomes are now 
situated one at either extreanity or pole of the elongated spindle, and each is 
surrounded by a centrosphero, from which fibrils radiate into the investing proto- 
plasm. A lino encircling the spindle midway betweeji its poles is named the 
equator^ and around this the V-shaped chromosomes arrange thcmseh'cs in the 
form of a star, thus constituting the mother star or monaster, 

2. Metaphasc, — Each chromosome now undergoes longitudinal 

cleavage into two equal parts or daughter chromosomes^ the cleavage commencing 
at the apex of the V and (jxtending along its divergent limbs. The daughter 
chromosomes, thus separated, travel in opposite directions along the fibrils of 
the acliromatic spindle towards the centrosomes, around which they group thom- 
s(dv(j«, and thus two star-like figures are formed, one at either pole of the 
acliromatic- spindle. This constitutes the diaster, 

3. Anaphase, —The daughter cliromosomes now arrange themselves into 
a skein or spmm, and eventually form the network of chromatin which is 
(diaracteristic of the resting nucleus. The nuclear membrane and nucleolus are 
also differentiated during this phase. The cell, protoplasm begins to appear 
constricted around the equator of the achromatic’ spindle, where double rows of 
granules are also sometimes seen. The constriction deepens and the original 
cell gradually becomes divided. 

4. Telophase, — In this stage the cell is completely divided into two new cells, 

each with nucleus, centrosome and centrosijhere, which assume the 

ordinary ppi^i^ns occupied by such structures in the resting stage. 

The^ seflifes of diagrams "(fig. 2j, by Delcpine, is intended to explain the 
of some of the most important changes observed in nuclei of cells 
dimng karyokinesis ; it is based chiefly on the work of Flemming, Strasburger, 

E. van Berieden, iiabl, O.^Hertwig, Henneguy, and others, a. Resting nucleus. 
Nucleolus and nuclear mejiibrane visible. A centrosome is represented near the 
nn.hnis. b and c. Skein or spirem, b. Chromatic filaiiKints much convoluted. 
Longitudinal splitting is evident in several parts. The centrosome has divided 
and the nuclear membrane is becoming indistinct, c. The two centrosomes 
ar^ widely separated, and the space between them is occupied by the achromatic 
spindle. (Two arrows point to the positions which the centrosomes will 
ultimately occupy ; during their passage to these points the achromatic spindle 
seems to be within the nucleus.) The nuclear membrane has disappeared. 
T). Mother star or monaster, Th^nuclear segments (chromosomes) resulting from 
the br.eaking-u|i of the cliroma*tic filament into fragments of nearly equal length 
have .moved tq^rds the equator of the spindle, where they now form an equatorial 
plate. Those segments are all split longitudinally, e. Metaphase, One half of 
each chromosome moves in the direction of one pole and the other half in that of 
the other pole, guided towards the centrosomes by the achromatic filaments. 

F. I)au(f liter diaster, a. Daughter skeins or dispirem, beginning to form. 

Segments in^the form of thick loops not closely packed. H. Daughter skeins or 
dispirem.y formed. Scjgments more closely packed and less distinct, owing to the 
formation of anastomoses, i. Resting daughter wudei. Cell completely divided 
into two, but bridges jcmain between them in the region previously occupied by 
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the achromatic filaments, these being specially distinct in certain cells (e.g. prickle- 
cells). The nucleus has a distinct nuclear membrane and a nucleolus. 

In the reproduction of cells by direct division •the process is one either 
f)f segmentation or of gemmation. In reproduction by seqmentalion or fission^ 
the nucleus becomes constricted in its centre, assuming an hour-glass shape, 
and then divides into two. This is followed by a cleavage or division of the 
whole protoplasmic mass of the cell ; and thus two daujjhter cells are formed, each 
containing a nucleus. These daughter cells are at first smaller than the original 
mother cell ; but they grow, and the process may be repeated in them, so that 
multiplication may take place rapidly. In reproduction by gemmation, a budding- 
off or separation of a portion of the nucleus and parent cell takes place, and, this 
becoming separated, forms a now organism. 

The cell-wall is iiKjrely th(», external layer of the protoplasm, firmer than the 
rest of the cell, and often thickened by the deposit in it of certain chemical 
substances. It forms a transparent, finely striated membrane, in which are a 
number of apertiues. 'rhrough th(‘.se openings ])ft)topla 8 mic processes can extend 
from cell to cell. They are often termed intercellular bridges. 


THE NUTIIITIVE FLUIDS 


The circulating fluids of the body, which subserve its nutrition, are the blood 
and tin*, lymph. 


Blood 


Tht^ blood is an opa(iue, rather viscid fluid, of a bright red or scarlet colour 
wlum it fl<»ws from tin; arteries, of a, dark red or purple (‘olour when it flows from 
t.h(! veins. It is salt to the taste, and has a peculiar faint odour and an alkaline 
leaction. Its specific gravity is about ]•()(), and its temperature is generally 
’about 99' F., though varying slightly in different ])art 8 of the body. 

General composition of the blood. — Blood consists of a faintly yellow fluid, 
the plasma or liguor sanguinis, in whiclj are suspended nurtuu’ous minute particles, 
the blood corpuscles, tlie majority of which are coloured and give to the blood its 
red tint. If a drop of blood be pla<*ed in a thin layer on a glass slide and examined 
und(;r the microscopic, a, number of these corpuscles will bo seen floating in the clear 
fluid plasma. 

The blood corpuscles arc cliielly ol two kinds ; (1) coloured corpuscles or 
ervt;hrocyt(cs, (2) ctdourhcss cor])us(*l<cs or leucocytes. A third variety, the blood 
]:)latelets; IS of subsidiary impoj tancc. 

1. Coloured or red corpuscles (erglhrocgtcs), when examimal under the micro- 
scope, are seiiu to be circular discs, biconcave in profile. The disc has no nucleus, 
luit, ill corivscipieiice of its biconcav(‘. shape, presents, according to the altera- 
tions of focus uiid(*r an ordinary high power, a central part, sometimes bright, 
sometimes dark, which has the appearance of a luicleus (fig. 3, a). It is to the 
aggiegatioii of the red corpuseJes that the blood owes its red hue, although when 
examined by transmitted light their colour appears to be only a faint reddish- 
yellow. The corpuscles vary slightly in size even in the same drop of blood, 
but the average diaim^ter of each is about .,.^10 of an inch, and the thickness 
about 1 ,5 „ f, of an iiudi, nearly one quarter of tin* (liameter. Besides these there are 
found certain smallei* corpuscles of about one-half or one- third of the size just 
indicated ; these are termed microcytes, and are very scarce in normal blood ; in 
diseased conditions (e.g. amemia), liowever, they are more numerous. The number 
of red corpus(!les in the blood is enormous ; between 4,(XX),(X)0 and ^,000,000 are 
contained in a cubic millimetre. Power states that the red corpuscles of an adult 
would present an aggregate surface of about ‘hCKK) square yards. Each corpuscle 
consists of a colourless elastic sponge work or stroma, condensiid at the periphery 
to form an investing membrane ; .uniformly diflused throughout the stroma arc 
the coloured fluid contents. The stroma is composed mainly of nucleo-protein 
and of the fatty substances, lecithin and chohstarin, while the coloured material 
consists chiefly of the respiratory protein, hcemoglohin, which is a compound 
protein composed of an iron-containing body, hiematin, and of globin, a protein 
belonging to the globulin group. Haemoglobin has a great affinity for oxygen, 
and, when remov ed from the body, crystallises readily under certain circumstances ; 
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it is yory soluble in water, so- that the addition of water to a drop of blood 
speedily dissolves out the htenioglobin from the corpuscles. 

If the web of a Jiving frog’s foot be spread out arid examined under the iriicro- 
sc'ope, the blood is seen to flow, in a continuous stream through the vessels, and the 
corpuscles sliow no tendency to adhere to eacli other or to the wall of the vessel. 
Doubtless the same is the case in the human body ; but when the blood is drawn 
^ and examined on a slide without reagents, the corpuscles often collect into heaps 
'like rouleaux of coins (fig. 3, h). It has been suggested that this phenomenon 
may be explained by alteration in surface tension. During life the red corpuscles 
ntay be seen to change their shape under pressure so as to adapt themselves, to 
some extent, to the size of the vessel. They are, however, highly elastic, and 
speedily recoven* their shape when the pressure is removed. They are readily 
influenced by the medium in which they are j)laced.' In water they swell up, 
lose their shape, and become globular (cud osmosis) (fig. 3, c). Subsequently 
the hsemoglobin is dissolved out, and the envelope can barely be distinguished as a 
faint circular outline. Solutionfi of salt or sugar, denser than the plasma, give 
them a stellate or crenated appearance (exosmosis) (fig. 3, d), but the usual shape 
may be restored by diluting the solution to the same specific gravity as the 
plasma. The crenated outline may be produced as the first effect of the passage 
of an electric shock : subsequently, if sufficiently strong, the shock ruptures the 
envelopes. A solution of salt or sugar, of the same specific gravity as the plasma 

(i.(5. an isotonic solution), 
merely separates the blood 
corpuscles mechanica 1 1 y, 
witliout changing their 
8ha])e. 

The colourless cor- 
puscles or leucocf/tes are of 
various sizes, some no larger, 
others smaller, than the red 
corpuscles. In human blood, 
however, the majority are 
rather larger than tlie red 
corpuscles, and measure 
about .jJoo an 

inch in diameter. On the 
average from 10,000 to 
r^jOOO leucocytes are found 
in each cubic millimetre of 
•blood. 

They cojisist of minute masses of nucleated protoplasm, and exhibiiprveral 
N'arieti<*s, whicii are dillerentiateil from each other chiefly by the occummee or 
non-occurrence of granules in their protoplasm, and by the staining reactions at. 
these granules when present (fig. 4). (1) The most numerous (70-80 per cent.)’ 
and important are spherical in shape, and are characterised by nuclei, which 
often consist of two or tliiee jiarts (multipartite) connected together by fine 
threads of chromatin. Tlie protoplasm is edear, and contains a number of very fine 
granules, wliich stain with acid dyes such as eosiii (fig. 4, r). These cells arc termed 
the fohjfnorphonmlear leucocytes. (2) A second variety comprises from 2 io 
4 per cent, of the leucocytes; they are larger than the previous kind, and arc 
made up of coarsely granular protoplasm, the granules being highly refractilo 
and grouped round single nuclei of horse-shoe shape (fig. 1, e). The 
granules stiyn deeply with cosiu, and the cells are therefore often termed 

eosinophil corpuscles. (3) The third variety is called the hyaline cell (fig. 4, ii). 
This is usufilly aliout the same size as the eosinophil cell, and, when 

at rest, is spherical in shaj)e and contains a single round or oval nucleus. 

The protoplasm is irw. from granules, but is not quite transparent, 
having the appearance of ground glass. (4) The fourth kind of colour- 
less corpuscle is designated the lymphocyte (fig. 4, l), because it is 
identical with the lymphoid cell derived from the lyinphati(j glands, the 

spleen, tonsil, aiid thymus. It is the smallest of the leucocytes, and consists . 
chiefly of a spheroidal nucleus with a very little surrounding protoplasm of a? 
homogeneous nature ; it is regarded as the immature form of the hyaline cclD-^^ 


Fio. 3. — Human red blood-corpuscles. 
Highly magnified. 



/t. Sepn from Uio aurlme. h. Soon iii untfiU* ami forrmiij; rouleaux. 
r. IlMulered splieru-al by wat* d. Jb-ndcivd cTcrmtc- b\ salt solution. 
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The third and fourth varieties together constitute from 20 to 30 per cent, of the 
colourless corpuscles, but of these two varieties the lymphocytes are by far the 
more numerous. Leucocytes having in their protoplasm granules which stain 
with basic dyes (basophil) have been, described as occurring in human blood, but 
they are rarely found except in disease. 

The colourless corpuscles are very various in shape in living blood (fig. 5), because 
many of them have the power of constantly changing their form by protruding 
finger-shaped or filamentous processes of their substance, by which they move, 
and take up granules from the surrounding medium. In locomotion the corpuscle 
pushes out a process of its substance — a fsmdopodium^ as it is called — and then 

Fic. 4. — Varieties of leucocytes found in human Idood. Highly magnified. 



sliifts the jcst of the body into it. In the same way when any granule or particle 
(H)mc.s in its way the corpuscle, wraps a pseudopodium round it, and then with- 
draws tlie ])S(uidoj)odium witli the contained particle into its own substance. By 
means of these amoeboid properties the cells have the power of wandering or 
emigrating from the blood-vessels by penetrating their walls and thus finding 
their way into the extra- vascular spaces. A chemical investigation of the proto- 
}>lasn|H|f the ](mcocytes shows the presence of nucleo-protein and of a globulin. 
The dccurrence of small amounts of fat and glycogen may also be demonstrated. 

Jlig blood platelets are discoid or irregularly shaped, colourless, refractile 
•l>odies, much smalh'r than the red cells. Considerable discussion ha-s arisen as 
to their significance. Kecent observers have shown that under the action of certain 

Fio. 5. — Human colourless blood-corpuscle, showing its successive changes of outline 
within ten minutes when kept moist on a warm stage. (Schofield.) 



stains the centrally situated portion of the blood platelet takes on an appearance 
suggestive of a nucleus. In spite of this, and of the fact that -they fiave been ob- 
served in the blood-vessels during life, there is still a tendency to regard them as 
products of disintegration of the white cells, or as precipitates, possibly of nucleo- 
protein, and not as living elements of the blood. 

Origin of the blood corpuscleb. — In the embryo the red corpuscles are developed 
from cells in the vascular area of the blastoderm. These cells unite with one 
another to form a network, their nuclei multiply in number, and around some of 
the nuclei aggregations of coloured protoplasm take place. After a time the 
fibres of the network become hollowed out by an accumulation of fluid, and form 
’^capillary blood-vessels, and in the fluid those nuclei which are surrounded by 
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coloured protoplasm float as the first red blood cells.* The embryonic corpuscles 
arc thus nucleated, and, further, they have the power of amoeboid movement. 
These cells disappear in la^er embryonic life, to be replaced by smaller non- 
nucleated corpuscles, having all the characters of the adult erythrocytes, and 
formed, according to Schafer, within certain cells of the connective tissue. 
Small globules of reddish colouring matter appear in their protoplasm, and 
the cells eventually becomjng larger, more uniform in size and disc-shaped, float 
in a cavity which results from the coalescence of numerous vacuoles. After birth 
the important source of the r(‘d corpuscles is the red marrow in the ends of the long 
bdnes and especially in the ribs and sternum. Here are found special, nucleated, 
coloured cells, terined (‘.ryihmblasis, which arc probably direct descendants of the 
nucleated, embryonic red cells. These crythroblasts by atrophy and disappearance 
of their Jinclei (or, as some observers maintain, by extrusion of their nuclei) 
and by assumption of the biconcave form are transformed into the adult red 
corpuscles. Of the colourless coyDuscles of the blood, th(i lymphocytes are derived 
from lymphatic tissue generally, and from the lymphatic glands especially, and 
ent(ir the blood by way of the lymph stream ; the hyaliin* cells probably develop 
from the lymph oc'-ytes, while the eosinophil cells arc believed to originates mainly 
in the bone marrow and possibly also in the connective tissues. 

The plasma or liquor sanguinis, the fluid portion of the blood, has a yidlowish 
tint, is alkaline in reaction, and has a specific gravity of l'()28. It contains in 
solution about 10 per cent, of solids, of which four- fifths are protein in nature; 
the remainder being salts, chiefly chlorides, phosphates and sulphates of the 
alkali metals ; carbohydrates, chiefly sugar ; fats and soaps ; cholesterin, urea, and 
other nitrogenous extractives. The proteins are thn‘,c in number, serum albummy 
serum globulin, and JJrrinogen. Fibrinogen is a body of the globulin class, but 
differs from serum globulin in several respects. It is the substance from which the 
Jihnn, which plays so important a part in the clotting of the l)lood, is derived. In 
addition there may be present in plasma S(»v(»ral substances of vmy great import- 
ance in connection with immunity, such as antitoxins, opsotiins, &;c. The 
chemical nature ol these bodies is at presemt th(‘ subject of close investigation, 
and fur a detaihid account of them reference should be made to the mosi/ recent 
works on bacteriology. 

Coagulation of the blood. — When blood is drawn from the body and allowed 
to stand, it solidifies in the course of a very few minutes into a jelly-like mass or 
clot, which has the same appearance and volume as the fluid blood, and, like it, 
looks (piite uniform. Soon, how'ever, drops of a tvansjjarent yellowish fluid, the 
serum, begin to ooze from the surface of the mass and to collect around it. 
Coiucidently the clot begins to contract, so that iji the course of about twenty-four 
hours it has become considcTably smaller and firmer than the first form(*il jelly-like 
mass, and is surrounded by a quantity of yellowish serum. The clotting of the* blood 
is due to the formation of a fine mesliwork of the insoluble materiaK//l^/*w, which 
entangles and encloses the blood corpuscles. Many theories liave from time to’ 
time been brought forward as to the nature of the piocessiis (ioricerncd in the 
clotting of blood. It is undoubtedly due to a ferment, Jibrin-ferment, acting on 
Jibrmogeu, one of the proteins presciit in jflasma. Under the ag(mcy of the fibrin- 
ferment the fibrinogeji is split up into an insoluble portion, fibrin, and a soluble 
portion, fibrino-globulin, which remains in solution in the serum. The mode of 
formation of the ferment is still the subject of much discussion. It is supposed 
that when [flood is shed, small quantities of a substance, tliro}nhn]xinase, are 
liberated from the leucoeytes and blood platelets; thrombokinase is also present 
ill th(^ tissues. It acts on another substance, thromhogen, present in the 
bloo(l platoleti, and converts it into the actual fihrin-ferment. Thrombogen, besides 
existing in the blood platelets, is also present in minute quantities in the circulating 
plasma, (^deium salts play an important role in the process of the formation 
of the ferment, for unless they are present in a soluble form the thrombokinase 
is unable to act on the thrombogen. 

Fibrin may be obtained, practicially free from corpuscles, by whipping the 
blood, after it has been withdrawn from the [)ody, with a bundle of twigs ; 
the fibrin adheres to these as it is formed. By various means the clotting of the 

* Kncent observations tend to show that the endothelial lining of the vessels and the blood 
corpuscles are of eutodermal origin. , 
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>lood may be retarded so that the plasma may be obtained free from corpuscles ; 
from this plasma there may be derived fibrin and serum, without the cellular 
elements. Fibrin thus ' obtained is a white or l)uiT-sol()ured stringy substance, 
and when observed, in the course of 
formation, under the microscope, shows 
a mesh work of fine fibrils (fig. 6). After 
exposure to the air for some time it 
becomes hard, dry, brown, and brittle. 

It is one of the class of coagulated 
proteins, insoluble in hot or cold water, 
saline solution, alcohol, or ether. Under 
the action of dilute hydrochloric acid it 
swells up but does not dissolve, but, when 
thus swollen, is readily dissolved by a 
solution of pepsin. 

Serum, with the exception of its 
proteins, lias a composition identical with 
that of plasma. The fibrinogen, charac- 
teristic of plasma, has disappeared, and 
the fibrin ferment and fibrino-globiiliii a found instead, as well as the serum 
albumin and serum globulin which are not involved in the process of coagulation. 

Blood crystals. — llfcmoglobin, as already stated, readily crystallises when 
separated from the blood corpuscles. In human blood tlu', crystals are elongated 
prisms (fig. 7, a), and in the majority of animals ]>elong to the rhombic system, 
though in the squirrel hexagonal plates are met with. Small brown prismatic 
crystals of hwtnin (fig. 7, n) may b(‘ obtained by mixing dih'd blood with common 


Fig. 6. — Fibrin from human blood. 



Fio . 7. — Blood -crystals. 



A. Iliumo^'lubiii t-rystiils from Imiimn blood. Ji. Iboinin or3'!9tMls from blood trfiitcd with aoutic .iciil. 
Jliomatoidin crystals fniin lui old HpopliTlio clot. 


salt and boiling with a feav drops of glacial acetic acid; a, drop of the mixture 
on a slide will show the characteristic ca-ystals on cooling. Ila malnidin crystals 
(fig. 7, a) occur soiuetinuhs in old blood clots. 


Lymph 

Lymph is a transpanmt, colourless or slightly yellow fluid, which is coiivi'yod 
by a set of vcjssels, named hfmphalivs, into the blooi. These vessels arise in nearlv 
all parts of tlu; body as lym'ph capillaries. They take up the blood plasma whicli 
has exuded from the blood capillaries for the nouiishment of the tissiu* elements, 
and return it into the veins. The greater numb(*r of these lymjjiatics empty 
themselves into one main duct, the thoracic dud, which passes upwards along the 
front of the vertebral column and opens into the large veins on the left sid(^ of the 
root of the neck. The remainder empty themselves into a smaller duct which 
ends in the corresponding veins on the right side of the neck. 

Lymph is a watery fluid of sp. gr. about 1‘015; it closely resembles the blood 
plasma, but is more dilute, containing only about 5 per cent, of proteins aiul 
1 per cent, of salts and extractives. When examined under the microscope, 
leufiocytes of the lymphocyte class are found floating in the transparent fluid ; 
they are always increased in number after the passage of the lyjuj)h through 
lymphoid tii^sue, as in lymphatic glands. 
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Lymph varies greatly in composition in difieicnt parts of the body. The lymph 
leaving tlie Uver contains the greatest percentage of proteins and has the highest 
specific gravity. In the limbs the lymph is scanty and has a low specific gravity. 
The intestinal lymph (chyle) is intermediate in composition and contains in addi- 
tion the fat absorbed by the lacteals, wliich gives it a milky appearance. ^ 


Ftg. 8. — ^Simple pavement epithelium. 

'V 


EPITHELIUM 

• All the surfaces of the body — the external surface of the skin, the internal 
surfaces of the digestive, respiratory, and genito-urinary tracts, the closed serous 
cavities, the inner coats of the vessels, the acini and' ducts of all secreting and ex- 
creting glands, the ventricles of the brain and the central canal of the spinal cord 
— are covered by one or more layers of simple cells, called epithelium or epithelial 
cells. These cells are also present in the terminal parts of the organs of special 

sense, and in some other structures, such as 
the pituitary and thyroid bodies. They servo 
various purposes, forming in some cases a 
protective layer, in others acting as agents 
in secretion and excretion, and again in 
others being concerned in the elalxmition of 
the organs of special sense. Thus, in the 
skin, the main purpose served by the ('pi- 
th(dium (herii riilled the epidermis) is that 
of protection. As the sui’bice is worn a way 
by the agency of friction new’ cidls are 
supplied, a.nd thus the true skin and tlui 
vessels and nerves wOiich it contains are 
defended from damage. In the gastro-intestiriiil mucous membrane and its 
glands, the epitlndial cells appear to be the principal agcuits in pri^paring the 
digestive secretions and in selecting and modifying materials for absorption. 
In other situations (as the nose, fauces, and respiratory passages) an important 
office of the epithelial cells appears to be to maintain an equable temperature by 
the moisture with w^hicli they keep the surfa(5(‘. alwaj^s slightly lubricated. In 
the serous cavities they also keep the opposed layers moist, and thus facilitate 
their movomeuts on ()ach other. Finally, in all internal parts they insui‘e a 
perfectly smooth surface. * 

Epithelium consists of one or more layers of cells, united together by an inter- 
stitial cement substance and supported on a basement membrane. It is naturally 




grouped into two classes according as to whether there is a single layer of cells 
{simple epithelium), or more than one (stratified epithelium and transitioiitil 


Simple epithelium. — 1’he different varieties of simple epithelium are. squamous 
/^or pavement, columnar, glandular or spheroidal, and ciliated..! M 

The pavement epithelium (fig. 8) is composed of flat, nucleated scales of 
ferent shapes, usually polygonal, and varying in size. These cells fit toget! 
by their edges, like the tiles of a mosaic pavement. The nucleus is gone^ 
flattened, but may be spheroidal; the flattening depends upon the thiiii^ei^ 
corpi? cell. The protoplasm of the cell presents a fine reticulum or honeycOi^ 
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Fig. 11. — Spheroidal epithel- 
ium. Magnified 260 times. 


Ktwork, which gives to the cell the appearance of granulation. This kind of 
epithelium forms the lining of the air-sacs oi the lungs* The endothelium, which 
covers the serous membranes, and which lines the 
heart, blood-vessels, lymphatics, and the anterior 
chamber of the eye, is- also of the pavement type, 
being • composed of a single layer of flattened trans- 
parent squamous cells, joined edge to edge in such a 
manner as to form a membrane of cells. The base- 
ment mmbrane, which supports the epithelial cells, 
is composed of a homogeneous material. In some 
instances it has a number of apertures, and is then 
spoken of as a fenestrated membrane, whilst in other 
cases it is formed of flattened cells. 

The columnar or cylindriml epithelium (fig. 9) 
is formed of cylindrical or rod-shaped cells set 
together so as to form a complete layer, resembling, 
when viewed in profile, a palisade. The cells have 
a prismatic figure, flattened from mutual pressure, 

and are set upright on the surface on which they are supported. Their protoplasm 
is always more or less reticulated, and fine longitudinal striae may be seen in it ; 
the nucleus of each is oval in shape and contains an intranuclear network. 

Fio. 12. — Ciliated epithelium from the human trachea. 
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The outer free border of each of thc?^^. cells is jii^tinctly marked off from the 
rest of the protoplasm, and contains well nlaTked vertical striations. This form 
of epithelium covers the mucous membrane of nearly the whole gastro-intcstinal 
,, T , X j 1 .L 1 its glands, the greater part of the urethra. 

^ the. vas deferens, the prostate, Cowper’s glands, Bar- 

® tholin 8 glands, and a portion 01 the utenne mucous 

membrane. In a modified form it also covers the 
ovary. 

GohUt or chalice cells are modified columnar cells. 
Tlie goblet cell appears to be formed by an alteration 
in shape of a columnar cell (ciliated or otherwise) 
consequent on the formation of granules, which consist 
of a substance called mucigen, in the interior of the cell. 
This distends the upper part of the cell, while the 
nucleus is pressed down towards its deep part, until 
the cell hursts and the mucus is discharged on to the 
surface of the mucous membrane (fig. 10), the cell then 
> assuming the shape of an open cup or chalice. 

Hhc glandular or spheroidal epithelium (fig. 11) is 
composed of spheroidal or polyhedral cells, liut the 
cells may be columnar or cubical in shape in some 
situations. As in other forms of epithelial cells, the 
protoplasm is a fine reticulum, which gives to the cells 
the appearance of granulation. Glandular cells arc 
found m the terminal recesses of secreting glands, 
and the pia tonlaamL of th£Lj:filkL.usuallv contains the 
matenm^^ch the ceUa, secrete. 

epithelium (fig. 12) generally inclines to the' columnar shape. It is 
hed by tbe presence of minute processes, like hairs or eyelashes (cilia) 
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standing up from the free surface. The dli^i (fig. 13) at their points of * attach- 
ment to the free border of the cell, possess small nodtilar enlargements (basal kncbs 
of Engelmann). Within the cell they converge, and according to some authorities 
meet at or near the attrac*tion sphere. If the cells be examined during life or 
immediately on removal from the living body (for which in the hunian subject 
the removal of a nasal polypus offers a convenient opportunity) in a weak solution 
of salt, the cilia will be seen in lashing motion ; and if the cells be separated, 
they will often be seen to 4)C moved about in the field by tliis ciliary action. 

Fia. 14. — Epithelial cells from the oral cavity of man. Magnified 360 times. 



</. Larprc. b. Middle 8i’i2rid. r. 'J'hc same wiiJj two nuclei. 


The situations in which ciliaf-ed epithelium is found in tln^ human body are : 
the r(‘,8piratory tract from the nose downwards to the smalh^st ramifieations of 
th(' bronchial tubes, except a part of the pharynx and the surface's of the vocal 
cords; the tympanum and Eustachian tube; the Fallopian tube and dipper 
portion oT the uterus; the vasa efferentia, coni vasculosi and the first part of 
the excretory duct of the testicle ; the ventricles of the brain aiul the central 
canal of the spinal cord. 

Fia. 16. — Portion of epidermis from a section of the skin 
of the finger. (Ranvier.) (From Schafer's ‘Essentials 
of Histology.’) 

Pio. 16. -- Stratified cjiitho- 
lium froiii the (esophagus. 
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Stratified epithelium (fig. 15) consists of several layers of cells superimposed 
one on the top of the other and varying greatly in shape. The cells of the d^iepest 
ia-ycr are for the most part columnar in shape, and are placed vertically on the 
basement memTjranc* ; above these are several layers of spheroidal cells, which 
as they approach the surface become more and more compressed, until the 
superficial oneft. are found to consist of flattened scales (fig. 14), the margins of 
which overlap one another so as to present an imbricated appearance. 
protoplasm of the superficial cells is qpjppletely converted into a horny substaoce 
termed Icerdlin , An intermediate body, fe otten present in the deeper layers 







15 ^ 


of this^JBuperficial portion. It exists in the form of coarse granules, and is 
especially well seen in the stratum granulosum of the epidermis. The ’most 
superficial layers lose their nuclei, die, and are thrown or worn off. 

Stratified epithelium is found in the skin, in the* mucous membrane of the 
nose, excepting the, olfactory portion, in the mucous membrane of the mouth, 
part of the pharynx, the oesophagus and in the conjunctiva. 

Certain , cells lound in.the deeper layers of stratified epithelium,., and^toi^ 
' fickle-cells (fig. 16), constitute a variety of squamous «pijbbeliuip. They possess 
shbrt^ fine fibrils, which pass from their mar^hs to those of neighbouring 
cells, serving to connect them together. They are not closely joined together by 
cement-Bubstangej, Jmt arc separated 
from each pther^^ by intercellular 
chainiels, across wJicE tlie fibrils may 
be seen bridging. When a cell is 
isolated,' it appears to be covered over 
with a number of short spines, in 
consequence of the fibrils being broken 
through. These c(*lls were first 
described by Max Schultzc? and 
Virchow, und it was belicived by 
thorn that the cells were dovetailed 
togiither. Martyn subse({uently sliowed that this was not the case and that the 
prickles were attached to eacli other by their apices : and Delepine believes the 
])rickles to he parts of fibrils forming internuclear bundles between the nuclei of 
the colls of an epithelium in a state of active grow’^th (sec page 7, and fig. 2). 

Transitional epithelium occurs iri the ureters and urinary bladder. Here the 
cells of the most supcn-ficinl layer are cubical, with depressions on their under 
surfaces, to fit on to the round(id ends of the cells of the second layer, which 
are jrear-shaped, the apices touching the basCrnent membrane. Between the 
.tapemig points of the cells of the second layer is a third varit^tyof cells of smaller 
size than those of the other two layers (fig. 17). 


Fio. 17. — Transitional epithelium. 



(H)NNECTIVE TISSUES 

The teijn connective tissue includes a number of tissues which possess this 
feature in (:ommon, viz, they support and connect th(*, other tissues of the body. 
The connective* tissues may differ considerably from each other in appearance, 
but they presiiut many points of relationship, and are, moreover, ifiyelaped, 
from five same lay ej of the embryo, the mesoderm. They are divided into three 
great groups : (ij the connective tissues proper, (2) cartilage, and (3) bone. 
Blood, which has already been desc^ribed, is, strictly speaking, a form of con- 
iiTictive tissue, and is so dealt with by many histologists. 

Thk Connective Tissues Proper 

Several forms or vaiicffjes of connective tissue are recognised : (1) Areolar 
tissue. (2) White fibrous tissue. (3) Yellow^ elastic tissue. (4) Mucous tissue. 
(5) Retiform tissue. They are all composed of a homogeneous matrix, in which 
are imbedded cells and fibres— the latter of two kinds, white, .and yellow or elastic. 
The distinction between the different forms of tissue depends upon the relative 
preponderance of one or other kind of fibre, of cells, or of matrix. 

Connective tissue corpuscles.- -The cells of the connective tissues are of three 
principal kinds : (1) Flattened lamellar cells, which may be either^ branched or 
unbranched. The branched lamellar cells are composed of clear cell-substance, 
and .contain (wal nucler The ptocesses of these cells' unite so as to form an open 
network, as in the*^ cornea. The unbranched cells are joined edge to edge like the 
celb of ail epilJ^ The ‘ tendon cells,’ presently to be described, are examples 
of- this variety. (2)^jGfr anule cells, which are ovoid or spheroidal in shape. They 
are formed of a soft protoplasm, contwiilng ^niiles which are* albuminous in 

(3) JESaaina xell9.,pf T^aldeyer, varying 
greatly iri size and form, out djgtinmMhfid from the other two , varieties by con- 
taining a vacuolated, protoplasm,. The vacuoles are filled with fluid, and tKe 
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gmj^plasm between the spaces is clear, with occasionally a few scattered 

granulesT'’^ ■ . ' 

In addition to these three typical forms of connective tissue corpuscles, areolar 
tissue may be segILto ^ i-e. leucocytes which nave emigrated 

from the neighbouring vessels ; in some instances, as in the choroid coat of the 
eye, cells fillea with granules 6f pigment (figment cells) arc found. ; 

The connective tissue corpuscles lie in spaces in the ground substance between 
'^the bundles of fibres, and these spaces may be brought into view by treating the 
tissue with nitrate of silver and exposing it to tlie light. This will colour the 
ground substance and leave the cell-spaces unstained. 

Areolar tissue (fig. 18) is so called because its meshes can be easily distended 
'mith air or fluid and thus separated into areola3 or spaces, which open freely into 
^jfeach other. Such spaces, however, do not .exist in the natural condition of the body, 
the whole tissue forming one unbroken membrane composed of a number of 
interlacing fibres, variously superimposed. The chief use of areolar tissue is to bind 
parts together ; while by the laxjty of its fibres, and the permeability of its areolae, 

Fio. IS.-^ubcutaneous tissue from a young rabbit. Highly magnified. (Schafer.) 

Plasma c*‘ll 


) 


' 'jibycfi 



Lamellar cell 


it allows them to move on each other, and affords a ready exit for inflammatory and 
other effused fluids. It is one of the most extensively distributed of all the tissues. 
It is found beneath the skin in a continuous layer all over the body, connecting 
it to the- subjacent parts. In the same way it is situated beneath the mucous and 
serous membranes. It is also found between muscles, vessels, and nerves, forming 
investing sheatlis for them, and connecting them with surrounding structures. In 
addition to ttiis, it is present in the interior of organs, binding together the various 
lobes and lobules of the compound glands, the various coats of the hollow viscera, 
and the fibres of muscles, &c., and thus forms one of the most important connecting 
media of the various structures or organs of which the body is made up. In 
many parts the areolae or interspaces of areolar tissue are occupied by fat-cells, 
constituting adifose tissue^ which will presently be described. 

^ Areolar tissue presents to the naked eye an appearance somewhat like 
^pun-silk. When stretched out, it is seen to consist of delicate soft elastic threads 
interlacing with each other in every direction, and forming a network of extreme 
delicacy. When examined under the microscope (fig. 18) it is found to be com- 
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p6sed of white filbres and yellow elastic fibres intercrossing in- all directions, and 
united together by a homogeneous cement or ground substance, the matrix, showing 
cell-spaces wherein lie the connective tissue corpuscles ; these contain the protoplasm 
out of which the whole is developed and regenerated. * ^ 

Thg white fihre^s are arranged in waving bands or bundles of minute transparent 
homogeneous filaments or fibrillae. The bundles haVe" a tendency to sjuit up 


Fig. 19. — ^Adipose tissue. High po\?«>r. 



a. Starlike appoaranee, from qryatallisation of fatty acids. 


longitudinally or send off slips to join neighbounng bundles, and receive others 
in return, but the individual fibres are un branched, and never join other fibres. 
Th(i 7 jcUow elastic fibres have well-defined outlines and are •considerably larger 
in size than the white fibrillfe, but vary much, being from the to the 

4„oT) of an inch in diameter. They form bold and wide curves, branch, and 


freely anastomose with each other; 
they a Hi homogeneous in appear- 
ance, and tend to curl up, especially 
at their broken ends. 

Adipose tissue. — In almost all 
parts of the body the ordinary 
areolar tissue contains a variable 
quantity of fat. [ The j^nncipal 
situ ations wherc_iV^is^ji^^ 
are tlio imFcilTaneo^H^^ of die 
eyelidsV ol tKe^pcins and scrotum, 
of the nymph®; withili" the cavity 
of the cranium; amt til the lu ng s, 

Its" ms- 

tfibution is nbt“ uhTTorm ; in some 
parts it is collected in great abund- 
ance, as in the subcutaneous tissue, 
especially of the abdomen ; around 
the kidneys, and in some other 
situations. Lastly, 
larg ely into the forma tion^ 
.marrow , oF distinction 

must he made bet^en fat and 


h^G. 20. — Development of fat. 
(Klein and Noble Smith.) 



r. Minute artery, r, Minuto yein. f. rapiUary blood-vessels in 
tlie course of formation ; they are not yet completely hollowed 
out, Utere being still lei tin them protoplasmic septa. (/. Tlie 
ground substance, containing numerouB nuc|pat(rl cells, some 
of whirii aru mure distinctly braru'hed and tint toned than 
otJiers, and appear therefore moro spindle-shaped. 


adipose tissue ; the l atter being a 

distinct o1^ mattejr^' which in addition to foiming adipose 

tissue 18 also widely present ^in The body, as in the brain and liver, and in the 
blood, chyle, &c. 

Adipose tissue consis tf^ nf amall SiSSlte'l* 

tissue. B'at-oells (tig. 19) vary in size, but are of atToiit thc^ average^a meter 
01 of an inch; each consists of an exceedingly delicate protoplasmic mtm- 
brane, filled with fatty matter, whiph is liquid during life, but becomes solidified 
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after death. They are round or spherical whero they have not been subjected to 
pressure ; otherwise they assume a more or less polygonal, outline. A nucleus is 
always present and can bp easily demonstrated Dy staining with hainiatoxylin ; 

■ in the natural condition it is so compressed by the contained oily matter as to be 
scarcely recognisable. The fat-cells are contained in clusters in the areolae of 
fine connective tissue, and are held together mainly by the network of capillary 
blood-vessels which is distributed to thorn. 

Chemically the oily material in the cells is composed of the fats, olein, palmitin 

and stearin, which are glycerin 
compounds with fatty acids. 
Sometimes fat crystals form in 
the cells after death (fig. 19, a). 
By ‘boiling the tissue in ether or 
strong alcohol, the fat may be 
extracted from the vesicleLS, leav- 
ing them empty and shrunken. 

Fat may be first detected 
in the human embryo about the 
fourteenth week. The fat-cells 
are formed by the transforma- 
tion of connective tissue cor- 
puscles. Small droplets of oil are formed in the protoplasm, and these coalesce 
to produce a larger drop, which increases until it distends the corpuscle, the 
remaining protoplasm and the nucleus being displaced towards the poriphorv of the 
cell (fig. 20). 

White fibrous tissue (fig. 21) is a true connecting structure, and starve*, s three 
purposes in the animal economy. In the form of ligaments it binds bones 
together ; in the form of teiitlons it connects muscles to bones or other 
structures ; and it constitutes investing or proff'cting structures to various 
organs irf the form of membranes. Examples of such membranes are trt 
be found in t h(» muscular fasciae or sheaths, 
the periosteum, and perichondrium ; tJie 
investments of the various glands (such 
as the tunica albuginea testis, the capsule 
of the kidney, &c.) ; the iiivcstifig sheaths 
of the nerves (epineiirium), and of various 
organs, as the penis and the eye. . In white 
fibrous tissue, as its name implies, the white 
fibres predominate ; the matrix is apparent 
only as a cement-substance, the yellow 
elastic fibres are comparatively few, wliile 
the tissue-cells arc arranged in a special 
manner. It presents to tlie naked eye 
the appearance of silvery white glistening 
fibres, covered over with a quantity of loose 
flocculcnt tissue which binds the fibres 
together and carries the blood-vessels 
(fig. 22). It is not possessed of any elasti- 
city, and only the very slightest extensibil- 
ity ; it is exceedingly strong, so that upon 
the application of any external violence, a. 
bone with which it is connecti^d may 
fracture before the fibrous tissue gi v(\s way. 

In ligaments and tendons the bundles of 
fibres run parallel with each other ; ifj 
membranes they intersect one another, 
tissue are often called ‘ tendon-cells.’ They are situated on the surfaces of 
groups of bundles and are quadrangular in shape, arranged in rows, in single file, 
each cell being separated from if.s neighbours by a. narrow line of comcnt-substance. 
The nucleus is generally situated at one end of the cell, the nucleus of on(3 
of the adjoining cells being in close proximity to it (fig. 23). Upon the addition 
of acetic acid white fibrous tissue swells up into a glassy-looking indistinguish- 
able mass. When boiled in water it is converted almost completely into gelatin, 


Fui. 22.— Oonncoiivo tissue. 
(Klein and Noble Smith.) 



'riio wliitp fihrnub Homont — a la.vor of more or 
sliurp1\ outIiMf‘(l, parallel, wavy luitidloa ol coiinoc*- 
tive liHsur lihrilH. ( )ii tito Hurfftce of this Isyrr is //, a 
network of line clastic (Ihrca. 

The colls found in white fibrous 


Fia. 21. — ^While fibrous tissue. High power. 
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the whito iibrcB being composed of the albuminoid collagen^, which is often regarded 
as the anhydride of gelatin. 

Yellow elastic tissue —In certain parts of the bod}^ a tissue is found which 
when viewed in mass is of a yellowish colour, and is possessed of great elasticity, 
so that it IS capibic of considoiable extension, and when the extending foicc is 
witlidiawn returns it once to its oiiginal condition This is yellow (lastio tissue^ 
which may be logiided as a connective tissue in which the vellow clastic fibres 
have dove lopi d to the pi ictic al exclusion of the other cfemeiits It is found m 
the hgani( nt i subflavi, in the vocal coids, ui the longitudinal coats of the tiachea 
ind bTonchi, iii the mini coats of the blood vesseds, especially the huger artenes, • 
and to i ^ ciy conside i iblc extent in the thyio h\oid, cnco thyroid, and stylo hyoid 
ligaments It is also iound in the ligsmentiini nuchc of the lower animals 
(tig 24) In some puts when the fibres me bioad and large and the network 
close the tissue piesents the ippe innce ot a me nibraiu with gips or perfoiahons 


I 1(1 2 5 kudon ol mouses 
tail sluiiud ^ith logwood, 
showin^i h nns oj (tils In twoe n 
tin tendon bundhs (Fiom 
(^ii iiii s Anatomy V A 
Scliafti ) 
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coricsponcliijg to th( inte jv< ning sp uts Tins is to be found in the innei coats of 
the uteins ind te) it the mine ot f(H(straf(d tmmhrnm has been given by Henle 
The >(Ilo\v (listic fibies leimmi unilteiid by ice tic icid Chemie illy tlmy aie 
conijioscd oi the ilbnminoid boch tlastin 

Mucous tissue exists clii<fi> m the ‘jelly ol Whirton’ wliieh loims the bulk 
of the urnbilie il cord but i** ilso lound m othei situ itions in the tcptus ehiefly as 
a stage in the de \ e lopinent ol conneetue tissue It consists of a matiix, largely 
made up of muciii m which aie nucleated cells with bianehing and anastomosing 
processes (fig ‘2^y) Few fibie»s are seen in typical mucous tissue, though it biith 
the uininlic il coid shows i ennsidciable de\elopnicnt of fibres In the adult the 
Mtieoiis hiiineiui of tin eve is a persistent foim ol rmitous tissue in which thcie 
lu no fibus, duel lioin which the cells hdve» disappeared, leaving only the mucinous 
giounel substance 

Retiform OT reticular tissue (fig 2 b) is found extensively in nnny pa its ol 
till bod>, constitu'ing the liamcwork of some oieans and entcim^ into the 
• 02 
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construction of many mucous membranes. It is a variety of connective tissue, i 
whicli the intercellular or ground substance has, in a great measure, disappearec 
and is replaced hy fluid. It is apparently composed almost entirely < 
extremely fine bundles of white fibrous tissue, forming an' intricate network, an 

Fio, 25. — ^Mucous tissue from the umbilical cord of the human foetus (four months). 



clio.inic:illy it v^iolds gelatin. The fibres arc covered and concealed in places 1 
flattened branched connective', tissue cells. In many si^ations the interstices 
the network arc filled with rounded lymph-corpuscles, and the tissue is tin 
termed lymphoid or adenoid tissue (sec^ fig. 83, p. 63). 


Fio. 26. — Retiform connective tissue, from a lymphatic gland. 



Barament membranes, formerly described as homogeneous membranes, 
most cases really a form of connective tissue. They constitute the suppolp 
membrane, or memhrana propria, on which is placed the epithelium of mu^ 
membranes or secreting glands, and they are also found in oth(‘.r situations. ‘ 
means of staining with nitrate of silver they may be shown to consist uaua 
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of flattened cells in close apposition, and joined together by their edges, thus 
forming an example of an epithelioid arrangement of connective tissue cells. In 
some situations the cells, instead of adhering by their edges, give off branching 
processes which join with similar processes of other celts, and so form a network 
rather than a continuous membrane. Some basement membranes are composed 
of elastic tissue, as in the cornea, others are merely condensed matrix. 

Vessels and nerves of conneotive tissue. — l?he blood-vessels of connective 
tissue are very fe^ — that is to say, there are few actually destined for the tissue 
itself, although m‘any vessels carrying blood to other Structures may permeate 
one of its forms, the areolar tissuei In white fibrous tissue the blood-vessels^ 
usually run parallel to the longitucQhal bundles and between them, sending trans-* 
verse communicating branches* across ; in some forms, as in the periosteum and 
dura mater, they are fairly i^umerous. In yellow elastic tissue, the blood-vessels 
also run between the fibres,, and do not penetrate them. Lymphatic vessels are 
very numerous in most forms of connective tissue, especially in the areolar tissue 
beneath the skin and the mucous and serous surlhces. They are also found in 
abundance in the'sbeaths of tendons, as well as in the tendons themselves. Ncrve$ 
arc to be found in the white fibrous tissue, where they terminate in a special manner ; 
but it is doubtful whether any nerves terminate in areolar tissue ; at all events, 
they have not yet been demonstrated, and the tissue is possessed of very little 
sensibility. 

Development of connective tissue. — Connective tissue is developed from 
c('Hs of the mesoderm. These colls, at first round(id, become fusiform and 
branched, and ultimately form connective tissue corpuscles. A mucinous inter- 
cellular substance or matrix, j)artly derived from the cells themselves and partly 
from the lymj)!! exuded by the neighbouring blood-vessels, gradually separates the 
cells. In the matrix the fibres are deposited, probably under the influence of the 
colls, but not by any transfoi mation of tlie cell protoplasm. In the case of yellow 
ehistic/ibres, rows of granules of elastin are first laid down ; these eventually fuse 
into tile fully developed fibre. 

Caktilage 


Cartilage is a non- vascular structure which is found in various parts of the 
body — in adult life chiefly in the joints, in tlie parictes of the thorax, and in 
various tubes, such as the air-passages, nostrils, ajul ears, wbicli require to be kept 
poL-iJiaueutly optui. In the foetus, at an early period, the greater part of the 
skeleton is cartilaginous. As this cartilage is afterwards rephicod by bone, it is 
called temporary, in contradistinction to that which remains uiiossified durii.g the 
whole of life and is called permanent, 

(■artilage is divided, according to its minute structure, into hyaline cartilage, 
white fibro-cartilage, and yellow or elastic fibro-cartilage. Besides these varieties 
met with in the adult human sub- 
ject, variety called cellular Ym, 27.— Human cartilage-cells from the 

vartilaye, which consists entirely, or cricoid cartilage, x 360. 

almost entirely, of cells, united in 
some -(jascs by a network of very 
hue. fibres, in other cases apparently 
destitute of any intercellular sub- 
stance, the cells being separated 
from each other by their capsulo.3 
only, which ui this variety of car- 
tilage are extremely well marked. 

Cellular cartilage is found in the 
external ears of rats, mic.e, and 
some-^icr animals, and is present 

m CThfhotochord of the human embryo, but is not found in any other human 
structure. The various cartilages in the body arc also classified, according to 
their functions and positions, into articular, interarticular, costal, and 
[(brauiform. 

lyaline cartilage, which may be taken as the type of this tissue, consists of a 
gl^tly mass of a firm consistence, but of considerable elasticity and pearl}'- 
bhlisli colour. Except where it coats the articular ends of bones, it is covered 
externally by a fibrous membrane, the perichondrium, from the vessels of which 





it imbibes its nutritive fluid$, being itself destitute of blood-vessels. It contains 
no nerves. Its intinwte structure is very simple. If a thin slice be examined under 
the microscope, it will be found to consist of cells of a rounded or bluntly angular 
form, lying in groups of Uwo or more in a granular or almost homogeneous matrix 
(fig. 27). The cells, when arranged in groups of two or more, have generally 
straight outlines where they are in contact with each other, and in the rest of their 
circumference are rounded. They consist of clear translucent protoplasm, in which 
fine interlacing filament^i and minute granules are sometimes presimt ; imbedded 
in this are one or two round nuclei, having the usual intranuclear networks. The 
cells are (jontained in cavities in the matrix, called cartilage lacunm ; around these 
'the matrix is arranged in concentric lines, as if it had been formed in successive 
portions around the cartilag(^-cells. This constitutes the so-called capsule of the 
space. Each lacuna is generally occupied by a single cell, but during the division 
of the cells it may contain two, four, or eight cells. 

The matrix is transparent and apparently without structure, or else presents 
a dimly granular appearance^ like ground glass. Some observers have shown 
that the matrix of hyaline cartilage, and especially of the articular variety, after 
prolonged maceration, can bo broken up hito fine fibrils. These fibrils are prob- 
ably of the same nature, chemically, as the white fibres of connective tissue. It 
is believed by some liistologists that the matrix is permeated by a number of line 
channels, which connect the lacunae with each other, and that these canals com- 


Fig. 28. — ^Vortical section of articular cartilage. 



rnunicate with the lymphatics 
of the perichondrium, and 
thus the structure is per- 
meated by a current of 
nutrient fluid. 

Articular cartilage, costal 
cartilage, and temporary car- 
tilage arc all of tln^ hyaline 
variety. They present ‘minute 
(liflercnces in the size and 
shape, oi their colls and in the 
arrangement of tlnur matrices. 

In articular cartilage (fig. 
28), wdiich show^s no tendency 
to ossiti cation, the matrix is 
finely granular : the cells and 
nuclei an^ small, and are dis- 
posed parallel to the surface 
in the siipcrfickil part, while 
niia rertothe bojie^they become 
verti ca 1 . A rticnlar ca rtil^cs 
have a tendency to split in a 
vertical direction : in disease 


tliis tendency becomes very manifest. The free surface of articular cartilage, where 
it is exposed to friction, is not covered by perichondrium, though a layer of con- 
nective tissue continuous with that of the svnovial membrane can be traced in 


the adult over a small pari of its circumfere.nce, and here the cartilage-cells are 
more or less branched and pass insensibly into the branched connective tissue 
corpuscles of the synovial membrane. Articular cartilage forms a thin incrus- 
tation upon the joint-surfaces of the bones, and its elasticity enables it to break 
the force of concussions, wdiile its smoothness affords ease and freedom of move- 
ment. It varies in thickness according to the sliape of the articular surface on 
which it liei ; where this is convex the cartilage is thickest at the centre, the 
reverse being the case on concave articular surfaces. It appears to derive its 
nutriment partly from the vessels of the neighbouring synovial membrane and 
partly from those of the bone upon which it is implanted. Toynbee has shown 
that the minute vessels of the cancellous tissue as they approach the articular 
lamella dilate and form arches, and then return into the substance of the bone. 

In costal cartilage the cells and nuclei are large, and the matrix has a tendency 
to fibrous striation, especially in old age (fig. 29). In the thickest parts of the 
costal cartilages a few large vascular channels may be det(*cted. This appears, 
at first sight, to bo an exception to the statement that cartilage is a uon-vascular 
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tissue, but is not so really, for the vessels give up bro-nches to the cartilage sub- 
stance itself, and the channels may rather l)c looked upon as involutions of the 
perichondrium. The ensiform cartilage and the cartilages of the nose, larynx and 
trachea (except the epiglottis and cornicula laryngis, which are composed of elastic 
fibro-cartilage) resemble the costal cartilages in microscopical characters. 

The hyaline cartilages, especiially in adult and advanced life, are prone to 
calcify— that is to say, to have their matrix permeated by calcium salts without 


any appearance of true bone. The pro- 
cess of calcification occurs frequently, 
according to Rollett, in such cartilages 
as those of the trachea and in the costal 
cartilages, where it may la? succeeded by 
conversion into true bone. . 

White fibro-cartilage consists of a 
mixture of white fibrous tissue and carti- 


Fia. 29. — Costal cartilage from a man 
seventy-six years of age, showing the 
development of fibrous stmeture yi 
the matrix. In several portions of 
the specimen two or three generations 
of cells are soon enclosed in a parent 
cell-wall. High power. 


laginous tissue in various proportious ; to 
the former of these constituents it owes 
its flexibility and toughness, and to the 
latter its elasticity. When examined 
under the microscope it is lound i*» be 
iriadc up of fibrous connective tissue 
arranged in bundles, with cartilage-cells 
between the bundles ; the cells to a certain 
extent resemble tendon-cells, but may be 
distinguished from them by being sur- 
rounded by a (joncentrically striated area 
of cartilage matrix and by being less 
flattened (fig. 30). Tlie fibro-caitilagcs 
adiTiit of arrangement into four groups 
. — intcuarticular, coiiiiectiiig, circumferen- 
tial, and stratiform. 

1. The inierarticular Jihro-carlilmjes 



{mamaci) are flattened fibro-cartilagiiious plates, of a round, oval, triangular, or 
sickle-like form, interposed between the articular cartilages of certain joints. 
Tlicy are free on both surfaces, usually thinner towards the centre than at the 
circumference, and held in ])ositu)n bv the attachineiit of their margins and 
extremities to the suiTouiiding ligaments. 1'hc syiio\dal membranes of the joints 
arc prolonged over them. They are found in tin; temporo-mandibular, sterno- 


claviculai’, acroinio-clavicular, 
lia, 30.^\\hitc fibro-cartilagc from an wrist- and knee-joints — ^i.e. in 

intervertebral disc, those joints which are most 



exposed to violent concussion 
and subject to frequent movo- 
inent. Their uses are to 
obliterate the intervals be- 
tween opposed surfaces in 
their various motions ; to 
ijicnjase the depths of the 
articular surfaces and give 
ease to the gliding move- 
ments; to moderate the effects 
of great pressure and deaden 
the intensity of the shocks 
to which the ^rts may be 
subjected. Humphry has 
pointed out that these inter- 


articular fibro-cartilages serve 
an important purpose iii increasing the varieties of movement in a joint. Thus, 
in the knee-joint, then' are two kinds of motion, viz. angular movement and 
rotation, although it is a hinge joint, in which, as a rule, only one variety of motion 
is permitted ; the former movement takes place between the condyles of the 
femur and the interarticular cartilages, the latter between the cartilages and the 
head of the tibia. 8o, also, in the temporo-mandibular joint, the movements 
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of opening and shutting ths mouth take place between the fibro-cartilage and 
the mandible, the grinding movement between the glenoid cavity and the fibro- 
cartilage, the latter moving with the mandible. 

2. The connecting fibro’ca/rtilages are interposed between the bony surfaces 
of those joints which admit of only slight mobility, as between the bodies of the 
vertebra?. They form discs which are closely adherent to the opposed surfaces. 
Each disc is composed of concentric rings of fibrous tissue, with cartilaginous 
lamina) interposed, the former tissue predominating towards the circumference, 
the latter towards the centre. 

3. The circumferential fbro-carlilages consist of rims of fibro-cartilage, which 
surround the margins of some of the articular cavities, e.g. the cotyloid ligament of 

the hip, and the glenoid 
ligament of the shoulder ; 
they serve to deepen the 
articular cavities and to 
protect their edges. 

4. The stratiform fibro- 
caalUages are those which 
form a thin coating to 
osseous grooves through 
which the tendons ol 
certain muscles glide. 
Small masses of fibro- 
cartilage are also developed 
in the tendons ol some 
muscles, where they glide 
over bones, as in the ten- 
dons of the Peroneuslongus 
and Tibialis posticus, 
Yellow or elastic fibro-^ 
cartilage is found bi tlie 
liuman body in Ihe auricles 
ol the externa] ears, the Eustachian tubes, tin* cornicula laryngis, and the 
epiglottis. It consists of cartilage-cells and a inatiix, the hitler being peivadod 
bv a netwoik oJ yellow elastic fibres, brandling and anastomosing in all directions, 
except iinmedi.itely aioiind each ceil, whcie there is a variable amount ol non- 
fibrillated hyaline, mter<M*llul<n- substance (fig. 31). The filiies lesemble those 
of yellow elastic tissue, both in ajipeaiance and in being unalTcctedby acetic acid: 
and according to Kollelt tlidr continuity with the elastic fibres of tlie neighbouring 
tissue is demonstrable. Not inlre<|uently the base ol the epiglottis is composed 
ol a mixture of liyaliin* and elastic fibro-cartilage. 

The distinguisliing feature of cartilage chcmicaJly is that it yields on boiling 
a substance called chondrin, very similar to gelatin, but dift’enng from it in several 
ot its reactions. It is now belie\ed that diondnn is not a simple body, but a 
mixture of gelatin with mueinoid substances, duel among which, perhaps, is a 
compimnd termed chondro- mucoid. 


Fig. 31. — Yellow cartilage, car of horse. 
High power. 



HONE 

Structure and physical properties. — Bone is one of tlie hardest structures 
of the animal body ; it possesses also a certain degree of toughness and 
elasticity. Its colour, in a fresh state, is pinkish white externally, and deep rod 
within. On examining a section ot any bone, it is seen to be composed of two 
kinds ot tissite, one ol which is dense m texture, like ivory, and is termed compact 
tissue ; the other consists of slender fibres and lamellae, wdiicli join to form a 
reticular structure ; this, from its resemblance to lattice-work, is called can- 
cellous tissue. The compact tissue is always placed on the exterior of the bone, 
the cancellous in the interior. The relative (|uantity of these two kinds of 
tissue varies in different bones, and in different parts of the same bone, according 
as strength or lightness is requisite. Close examination of the compact tissue 
shows it to be extremely porous, so that the difference in structure between it and 
the cancellous tissue depends merely upon the different amount of solid matter, 
and the size and number of spaces in each ; the cavities are small in the compact 
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tissue and the solid matter between them abuixdauK while in the cancellous 
tissue the spaces are large and the solid matter is in smaller quantity. 

Bone during life is permeated by vessels, and is enclosed, except where it is 
coated with articular cartilage, in a fibrous membrane, the fcriosieum, by means 
of which many of these vessels reach the hard tissue. If the periosteum be stripped 
from the surface of the living bone, small bleeding points are seen which mark the 
entrance of the periosteal vessels ; and on section during life every part of the 
bone exudes blood from the minute vessels w^hich ramSy in it. The interior of 
each of the long bones of the limbs presents a cylindrical cavity filled with 
marrow and lined by a highly vascular areolar structure, called the medullary^ 
membrane or internal 'periosteum, which, however, is rather the areolar envelope 
of the ceils of the marrow than a definite membrane. 

The periosteum adheres to the surface of each of the bones in nearly every 
part, but not to cartilaginous extremities. When strong tendons or ligaments 
are attached to a bone, the periosteum is incorporated with them. It consists 
of two layers closely united together, the outer one formed chiefly of connective 
tissue, containing occasionally a few fat-cells ; the inner one, of elastic fibres of the 

Kia. 32. — Human >H)ne-marrow. (Highly magnified.) 


Normoblast with dividing nucleus 



finer kind, forming dense mcjnbranous networks, which can be again separated 
into several layers. In young bones the periosteum is thick and very vascular, 
and is intimately connected at either end of the bone with the epiphysial carti- 
lage, but less closely with the shaft, from which it is separated by a layer of soft 
tissue, containing a number of granular corpuscles or ‘ osteoblasts,’ in which 
ossification proceeds on the exterior of the young bone. Later in life the periosteum 
is thinner, less vascular, and the osteoblasts are converted into an epithelioid layer 
on the deop surface of the periosteum. The periosteum serves as a nidus for the 
ramification of the vessels previous to their distribution in the bone^ hence the 
liability of bone to exfoliation or necrosis, when denuded of this membrane by 
injury or disease. Fine nerves and lymphatics, which generally accompany the 
arteries, may also be demonstrated in the periostiuni. 

The marrow not only fills up the cylindrical cavities in the shafts of the long 
bones, but also occupies the spaces of the cancellous tissue and extends into the 
larger bony canals (Haversian canals) which contain the blood-vessels. It differs 
in coiuj)08ition in different bones. In the shafts of the long bones the marrow 
is of a yellow colour, and contains, in 100 parts, 96 of fat, 1 of areolar tissue and 
vessels, and 3 of fluid with extractive matter ; it consists of a basis of connective 
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tissue supporting? numerous bloo4-vossels and cells, most of which are fat-cells, 
but some are ‘ marrow-cells/ such as occur in the red marrow to be immediately 
described. In the flat and short bojies, in the articular ends of the long bones, in 
the bodies of the vertebru^, in the cranial dii)loe, and in the sternum and ribs, the 
marrow is of a red colour, and contains, in 100 parts, 75 of water, and 26 of solid 
matter consisting of cell-globulin, nucleo-protein, extractives, salts, and only a small 
proportion of fat. The red marrow consists of a small quantity of connective tissue, 
blood-vessels, and numerous cells (fig. 32), some few of which are fat-cells, but 
the great majority are roundish nucleated cells, the true marrow-cells ’ of 
Kolliker. These marrow-cells proper, or mydoci/tcs, resemble in appearance 
lymphoid corpuscles, and like them are amceboid; they generally have a hyaline 
protoplasm, though some show granules either oxyphil or basophil in reaction. 
A number of eosinophil cells are also pn^siuit. Among the marrow-cells may be 
seen smaller cells, which })o8S(iss a slightly pinkish hue ; these are the erythr oblasts 
or normoblasts, from which, as wc have seen, the red corpuscles of the adult are 
derived, and which may be r^^garded as descendants of the nucleated coloured 
corpuscles of tlui embryo. Oiavt-cells (myeloplaxcs, osteoclasts), large, muJti- 
nucleat(^d, protoplasmic masses, are also to be found in both sorts of adult marrow, 

but more particularly in red marrow. 
They were believed by Kolliker to 
be concerned in the absorption of 
bone-matrix, and hence Ihe name 
whi(‘h he gave to them- osteoclasts. 
They excavate in the bone small 
sJuillow pits or cavities, which an* 
named Jlowshrp^s larunn\ and in 
these they are found lying. 

Vessels and nerves of bone. - 
The bUiod’VesseJs of bone are very 
numerous. Those of the compact 
tissue are derived from a close and 
dense network of vessels ramifying 
ill the periosteum. From this mem- 
brane vessels pass into the minute 
oriliees in the compact tissue, and 
run through the canals which 
travors<^ its substanc(i. The can- 
cellous tissue is su])])]iediu a similar 
way, but by less numerous and larger 
vessels, which, perforating the out(u- 
compact tissue, are distributed to 
the cavities of the spongy iiortion 
of the bone. In the long bones, 
numerous apertures may be seen at 
the (Mids near the articular surfaces ; some of these give passage to the arteri(?s 
of the larger set of vessels referred to ; but the most numerous and largest 
apertures are for the ve.ius of the cancellous tissue, which emerge apart from the 
arteries. The medullary canal in the shaft of a long bone is supplied by one large 
artery (or sometimes more), which enters the bone at the nutrient foramen (situated 
in most cases miar the centre of the shaft), and perforates obli(j[uely the compact 
structure. Tlie medullary or nutrient artery, usually accompanied by one or two 
veins, sends liranches ujiw^ards and downwards, w’hich ramify in the medullary 
membrane, and give twigs to the adjoining canals. The ramifications of this vessel 
anastomose^^with the arteries of the cancellous and compact tissues. In most of the 
flat, and in many of the short spongy bones, one or more large apertures are observed, 
which transmit, to the central parts of the bone, vessels corresponding to the 
medullary arteries and veins. The veins emerge from the long boiKJS in three places 
(Kolliker) — (I) one oi* two large veins accompany the artery ; (2) numerous large 
and small veins emerge at the articular extremities ; (3) many small veins pass out of 
the compact substance. In the flat cranial bones tin* veins are large, very numerous, 
and run in tortuous canals in the diploic tissue, the sides of the canals being 
formed by thin lamcllpe of bone, perforated here and there for the passage of branches 
from the adjacent caiicelli. The same condition is also found in all cancellous 


Fio. 33. — From a transverse section of the 
diapbysis of the humerus. Magnified. 
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tissue, the veijM being enclosed and supported by osseous structure, and having 
exceedingly thin coats. * When the bony structure is divided, the vessels remain 
patulous, and do not contract in the canals in which they arc contained. Hence 
the occurrence of purulent absorption after amputation, in those cases where the 
stump becomes inflamed and the cancellous tissue is infiltrated and bathed by pus. 
Lymphatic vessels, in addition to those found in the periosteum, have been traced 
by Cruikshank into the Substance of bone, and Klein describes them as running 
in the Haversian canals. Nerves are distributed freeiy to the periosteum, and 
accompany the nutrient arteries into the interior of the bone. They are said by 
Kolliker to be iriost numeious in the articular extremities of the long bones, in the 
vertebrae, and in the larger flat bones. 

Minute anatomy. — The intimate structure of bone, in all essential particulars 
identical in the compact and in the cancellous tissue, is most - easily studied in 
a transverse section from the compact wall of one of the long bon(*,s after 
maceration (fig. 33). 

If this be examined with a rather low power tli^ bone mil be seeiv to be mapped 
out into a number of circular districts each consisting of a central hole surrounded 
by a number of concentric rings. These districts are termed Haversian systems ; 
the central hoh* is an Haversian canal, and the rings are layers of bone-tissue 
arranged conc'entrically around the central canal, and termed lamelhr, Morc- 

Fjo. .34.— Transverse section of compact tissue of bone. 

M agnilied. r Shar) uy . ) 



over, on closer examination, it will be found that between these lamelhe, and 
therefore also arranged concentrically around the central canal, are a number of 
litthi (lark spots, the lacuiKn, and that these laciin;e are conneett^d with (jach other 
and with the central llaveisian canal by a number of line dark lines, which 
radiate like the spokes of a wliecl and are called canalimli. All these structures — 
the concentric lamellm, tlie Iucutuc, and the canaliculi — may be seen in any single 
Haversian syst.(‘m forming a circular district round a central Haversian canal. 
Filling in the irregular intervals which are left between these carcular systems are 
other lamelhe, with their laeunm and canaliculi running in various directions, 
but more or less curved (fig. 34). These are termed interstitial lamella). Again, 
other lamella', for the most part found on tlie surface of the bone, •are arranged 
parallel to the circumference of the bone, constituting, as it were, a single 
Haversian system of the whole bone, of which the medullary cavity would repre- 
sent the Haversian canal. These latter lamella' are termed circumferential, or 
by some authors primary or fundamental laiiiellae, to disf inguish them from those 
laid down around the axes of the Haversian canals, which are then termed 
secondary or special lamella*. 

The Haversian canals, seen in a transv('rse section of bone as round hob's at or 
about the centre of each Haversian system, may be demonstrated to be true 
canals, if a longitudinal sc'ction be made (fig. 35). It will then be seen that the 
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Fig. 35. — Section parallel to the sur- 
face froin the shaft of the femur. 
Magnified 100 times. 


ftrallol with the longitudinal axis of the bone for a short distance and 
and communicate. They vary considerably in size, some being as 
much as ^ of an inch in diameter ; the 
average size is, however, about of an 
inch. Near the medullary cavity the canals 
are larger than those near the surface of 
the bone. Each canal contains one or two 
blood-vessels, with a small quantity of 
delicate connective tissue and some nerve 
filaments. In the larger ones there are also 
lymphatic vessels, and cells with branching 
processes which communicate, through the 
canalicuh, with the brancluid processes of 
certain bone cells in the substance of the 
bone. Those canals near the surface of the 
bone open upon it by minute orifices, and 
thosci near the medullary cavity open in the 
same way into this space, so that tlie whole 
of the bone is permeated by a system of 
blood-vessels running through the bony 
canals in the centres of the Haveisian 
systems. 

The laniellce are thin plates of bone- 
tissue encircling the ctmtral canal, and may 
5 I be compared, for the sake of illustration, to 

a number of sheets of paper pasted one over 
another around a central hollow cylindcu*. 
After macerating a piece of bone iji dilute 
mineral acid, thest? himtilbc may be stripped 
off in a longitudinal direction as thin films.* 
If one of those be examined with a. high 
power of the microscope, it vdll be found 
to be composed of a finely reticular struc- 
ture, made up of very slender transjiarent 
fibres, decussating oblii|uely, and (ioalescing 
at the points of interst'ction. These fibres are composed of fine fibrils identical 
with those of white connective tissue. The intercellular matrix between the 



MnvcrAiati canul8. h. Laeumr seen froiti tlic 
aide. r. 0< liers a(*eii Ironi thi’ surface in lar loila? 
wliic'h arc cut horizontally. 


Fig. 3(5. — Laiuella 3 torn from a decalcified human parietal bone to show the 
perforating fibres of Sliarpey. (Copied from a drawing by Allen Thomson.) 



Perforating fibres oj 
Sharpeg 

Apert ii res f ro m which 
the fibres have been 
withdrawn 


Uecussafi n g Ji b res i n 
lamella 


fibres is impregnated by calcareous deposit which the acid dissolves. In mtmy 
places the various lamella may be seen to be held together by tapering 
fibres, which run obliquely through them, pinning or bolting them together. 



These fibres ^ere first described by Sharpey, and were nSmed by him prorating 
fibres (fig. 36). ^ * 

The lacuncB are situated between the lamelloD, and consist of a number of oblong 
spaces. In an ordinary microscopic section, viewed by transmitted light, they 
appear as dark, oblong, opaque spots, and were formerly believed to be solid cells. 
Subsequently, when it was seen that the Haversian canals were channels which 
lodged the vessels of the part, and the canaliculi minute tubes by which the plasma 
of the blood circulated through the tissue, • 

the theory was formulated that the lacunae Fio. 37. — Nucleated bono-cells and 
were hollow spaces filled during life with 
the same fluid, and only lined (if lined at 
all) by a delicate membrane. But this view 
was eventually proved to be erroneous, for 
examination of the structure of recent bone 
l(*.d Virchow to believe that each lacuna is 
occupied during life by a branched cell, 
lermed a bone-cell or bone-corpuscle, the 
processes from which pass down the canali- 
culi — a view which is now universally 
accepted (fig. 37). It is by means of these 
cells that th(i fluids necessary for nutrition 
are brought into contact with the ultimate 
tissue of bone. 

The canaliculi are exceedingly minute 
(jlijinnc'.ls, which pass across the lamellae 
and connect the lacunae with neighbouring 
lacuujxi and also with the Haversian canal. 

From the Haversian canal a number 
of canaliculi jire given off, which radiate 
*from it, and open into the first set of lacunae between the first and second 
lamellae.- From these laciinso a second set of ;analiculi is given off, which 
passes outwards to the next s<»rics of lacunae, and so on until the periphery of the 
Haversian system is reached ; here the (janaliculi given off from the last sericis 
of hicniue do not communicate with the lacuna) of neighbouring Haversian 
systems, but after passing outwards for a short distance form loo])s and return to 
their own lacuna?. Thus every part of an Haversian system is supplied with 
iiulricut fluids <lerived from the vessels in the Haversian canal and distributed 
through the canaliculi and lacuna?. 

The hone-cells are containc'd in the lacuna?, which, however, they do not com- 
pletely fill. They are flatton(*d nucleated branched cells, which are liomologous 
with those of connective tissue ; the 
bra^iches, especially in young bones, 
pass into the canaliculi from the 
lacujj;o. 

longitirdiiial section (fig. 35) 
the appearance of concentric rings is 
replaced by that of lamellre or rows 
of lacunse, parallel to the course of 
Ihe Haversian canals, and these canals 
appear as half-tubes instead of circu- 
lar spaces. The tubes are seen to 
bra nch and communicate, so that each 
separate Haversian canal runs only a 
short distance. 

In thin platea of bone (as in the 
walls of the spaces which form the cancellous tissue) the Haversian canals are 
absent, and the canaliculi open into the spaces of the cancellous tissue (medullary 
spaces), which thus have the same function as the Haversian canals in the more 
compact bone. , 

Chemical domposition. — Bone* consists of an animal and an earthy part 
intiniatety combined together. 

The animal part may be obtained by immersing a bone for a considei’able 
time in dilute mineral acid, after which process the; bone comes out exactly the 


Fig. 38.— -Section of bone after the removal 
of the earthy matter by tlie action of 
acids. 



their processes, contained in the 
bone-laounaB and their canaliculi 
respectively. From a section through 
the vertebra of an adult mouse. 
(Klein and Noble Smith.) 



HISTCtt-OGY' 


30 ^ 

same sha^ as before^ but perfectly flexible, so that a long bone (one of the ribs, 
for example) can easily be tied i^n a knot. If n6w a tran^erse section is made 
(fig. 38), the same general /arrangement of the Haveraian canals, .lamella), lacunae, 
and canaliculi, is seen, though not so. plainly as in the ordinary section. 

The earthy part may be /separately obtained by calcination, by which the 
animal matter is completely burnt out. The bone will still retain its original 
form, but it will be white and brittle, will have lost about one-third of its original 
weight, and will crumbli down with the slightest force. The earthy matter 
is composed chiefly of calcium phosphate, forming about 66*7 per cent, of the 
weight of the bone ; it confers on bone its hardness and rigidity, while the animal 
matter (ossein) determines its tenacity. 

Development. — Some bones are preceded by membrane, such as those forming 
the roof and sides of the skull ; others, such as the l3one8 of the limbs, are pre- 
ceded Ijy rods of cartilage. Hence two kinds of ossification are described : the 
itiJtmmemhanous and the intracartila4jinons, 

Intramembranous ossification. — In the case of bones which are developed in 
membrane, no cartilaginous mould precedes the appearance of the bone tissue. 
The membrane which occupies the place of the future bone, is of the nature, of 
connective tissue, and ultimately forms the periosteum ; it is composed of fibres 

b’la. 3t).- -Part of the growing edge of the developing parietal bone of a fcetal cat. 

(After J. Lawrence.) 


( ^striujrnrli 
Jt JtrcH 




Ostcohlasts 


and granular cc^lls in a matrix. The peri])hera.l portion is more fibrous, while, 
in the interior the cells or osleoblasfs predominate ; the whole tissue is richly 
supplied with blood-vessels. At the outset of the process of bone formation a little 
network of bony spicules is noticed radiating from the point or centre of ossification. 
These rays consist at their growing points of a network of fine clear fibres and 
granular cor})uscl(‘S with an intervening ground substance (fig. 39). The fibres are 
termed osteoqenviic fibres, and arc made up of line fibrils differing little from these 
of white fibrous tissue. Like them th(\v are probably deposited iji the matrix 
through the influence of the cells — in this case the osteoblasts. The membrane 
soon assume s*'a dark and granular appearance from the deposition of calcareous 
granules in the fibres and in the intervening matrix, and in the calcified material 
some ’•of the granular corpuscles or osteoblasts arc enclosed. By the fusion of 
the calcarecujs granules the tissue again assumes a more transparent appearance, 
but the fibres arc. no longer so distinctly seen. The involved osteoblasts form 
the corpuscles of the future bone, the spaces in which they are enclosed constituting 
the lacunjc. As the osteogenetic fibres grow out to the periphery they continue 
to calcify, and give rise to fresh bone spicmlcs. Thus a network of bone is formed, 
the meshes of which contain the* blood-vessels and a delicati* connective tissue 
(crowded with osteoblasts. Tiie bony trabecula) thicken by the addition of fre^h 
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layers: of bone formed hy the ostcoblaBls on their surface, and the meshes arc 
correspondingly encroached upon.* Subsequently successive layers of bony tissue 
are deposited under the periosteum and round the larger vascular channels which 
become the Haversian canals, so that the bone increases much in thickness. 

Intracartilaginous ossification. — Just before ossification begins the mass is 
entirely cartilaginous, i.nd in a long bone, which may be taken as an example, 
the process commences in the centre and proceeds towards the extremities, which' 
for some time remain (‘artilaginoi s. »Sul)sequcntly a siiflilar process commences 
in one or more places in those extremities atid gnidually extends through them. 
The extremities do not, however, become joined to the shaft by bony tissue until, 
growth has ceased ; between th(^ shaft and either extremity a layer of oai-tilaginous 
tissue termed the cpiphifsial cartilage persists foi* n dcifinitc period. 


Fig. 40. — Section of f octal bone of cat. 



Irruption of tlio siihfifrioKtettl tiawif. Fibroii'^ Ln f*r o! 
Mi<']ifTiostoiim. o. J.jiycr ol ost<>()hIiisl.s. t/w. Snb|KTibMral 
lion,\ (ii‘))osit.. ( Krom ‘ Aniiloiny,’ M. A. Sfluifor,^ ^ 


41 . — Fart of a longitudinal section 
of the developing femur of a rabbft. 




u, FlattciH'd b. Unliirf-fcd cartiiiico- 

ccUm. <•, tl. Newly formed bone. r. Osteo- 
bhist'i. /. (Tiant-rolls or osteocLiKtw. {/, ft. 
SJininkPii en^tiIaf7P-(■f•ll^J. (l-'roni ‘ Alins of 
Klein ;md Noble Smith.) 


The first step in the ossification of the cartilage is tluit the cartilage-cells, 
at the point where ossification is commencing and which is termed^a centre of 
ossijicatiim, enlarge and arrange themselves in rows (fig. 40). The matrix in 
which they are imbedded increases in quantity, so that the ctdls become further 
separated from each other. A deposit of calcareous material now takes place in 
this matrix, between the rows of cells, so that they become separated from each 
otht^r by longitudinal columns of calcified matrix, presenting a granular and 
opaque appearance. Here and there the matrix between two cells of the same 
row also becomes calcified, and transverse bars of calcified substance stretch 
across from one calcareous column to another. Thus there are longitudinal groups 
of the cartilage-ct 11s enclosed in obtoiig cavities, the walls of which an^ formed 



of calcified matrix which cuts' < pd"* afi ^ nutrition frooQi the cells; the cells, in 
consequence; waste, leaving spaces oall^ the primary areola (Sharpey). 

, At the same time that this process is going on in the centre of the solid bar of 
cartilage, certain changed are taking place on its surface. This is covered by 
a very vascular membrane, the pertcnondrium, entirely similar to the embryonic 
connective tissue already described as constituting the basis of membrane 
bone; on the inner surface of th's — ^that is to say, on the surface in contact 
with the cartilage — are gathered the formative cells, the osteohlasis. By 
the agency of these cells a thin layer of bony tissue is formed betvveen the 
jierichondrium and the cartilage, by the intramemhranous mode of ossification 
]ust described. There are then, in this first stage of ossification, two processes 
going on simultaneously : in the centre of the cartilage the formation of a 
nuniber of oblong spaces, formed of calcified matrix and containing the withered 
cartilage-cells, and on the surface of the cartilage the formation of a layer of 
membrane-hone. The second stage consists in the prolongation into the eaitiTl! 
of processes of the deeper or psteogenetic layer of the perichondrium, which hi 

now become periosteum (fig. 10, m 
F io. 42.— Transverse section from the femur processes consist of blood -vesse 

of a human embryo about eleven weeks cells -os/eobJosfs, or bone-formers, 

and osteoclasts, or bone- destroyers. 
The l.itlei are similar to the giant- 
cells (myoloplaxes) found in marrow^ 
and they excavate passages thrA|Ml|| 
the new-formed bony layer by avlj^^ 
tioii, and pass through it intoytte 
calcified matrix (fig. 10). 
these processes come in conta^ with 
the (‘aleified walls^^y^boM {mmary 
areohr they thus 
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A JiK iullniv bpaev' < ul ft iiisvpi'i<ly , 
loiirfitiidinallv r ( J Nowlv Imincd os'jCoiis 
siil^tanro of i lifflitfi toloui f Hut ol /n iUi u'o. 
t. Ijfuiii with tlicirulls. V V Of 11 still uTiilfil to an 
ostoohlaht 


cause a fusion of the original 
and the formation of laiger bpaSR, 
hu ll are termed the e^ndary areola 
(iSh.irpey) or medullary Spaces (Miillei). 
These secondary spaces become filled 
with of 

osteoblastWHB^VflM®,' JeTivod, in 
the mannei dcbcrihcd above, from the 
osieogenetie layer of the perifsteum 
(fig. II). 

Thus far then* h, s been traced tin* 
formation of cnlaiged spriTces (second- 
ary areolfc), th(' peift»ratcd walls of 
which art* still ftirmed by eahufied 
cartilage-matrix, containing an em- 
bryonit* marrow derived from the 
processes sent in from tW-kftteogenetic 
Liver of the periost(*um, and consisting ol blood-vessels and round cells, osteo- 
blasts (fig. 11). The walls of these secondaiy aieolne are at this time of only 
incourideTable thickness, but they become thickened by the deposition of layers 
of new l)onc on their interior. This process lakes place in the following 
manner. Some ot the osteoblasts of the embryonic marrow, alter undergoing 
rapid division, anange themselves as aS epithelioid laver on the surface of the wall 
of the space (fig. 42). This layer of osteoblasts foinis a bony stratum, and thus the 
wall of the ^acc becomes gradually covered with a layer of true osseous substance. 
On this a second layer of osteoblasts is arranged, and in its turn forms an 
osseous layer. By the repetition of this process the original cavity becomes very 
much 1 educed in size, and at last only remains as a sinall tube in the centre, 
containing the remains of the embryonic marrow — that is, a blood-vessel and a 
few osteoblasts. This small cavity constitutes the Haversian canal of the com- 
pletely ossified bone. The successive layers of osseous matter encircling this 
central canal C()i;i&titutc the lamcllaB of which each Hayeisian system is made up. 
As the successive layers of osteoblasts form osseous tissue, certain of the osteo- 
blastic cells remain included between the vaiious bony layers. These ^persist as 


tie cells of the liitdw the them fonniiag the lacunae 

^(fig. 41). The oenaliculi^ at first extremely shbrt, are supposed to be extended 
by absorption, so as to meet those of neighbouring lacunae. 

Such are the changes which may be o&erved at one particular point, the centre 
of ossification. While they have been going on ^ similar process has been set up 
in the surrounding parts and has been gradually proceeding towards the ends of 
the shaft, so that in the ossifying bone all the changes described above may be 
seen in different parts, from the true bone in the centre o^the shaft to the hyaline 
cartilage at the extremities. The bone thus formed differs from the bone of the 
adult in being more spongy and less regularly lamellated. 

The shaft of the bone is at first solid, but a tube is hollowed out in it by* 
absorption around the vessels. ^passing into it, and this becomes the medullary 
canal. This absorption is supposed to be brought about by largo giant-cells, tlie 
so-called osteoclasts of Kolliker (fig. 41, /). They vary in shape and size, and 
aln a large number of clear nuclei, sometimes as many as twenty. The occur- 
> of similar cells in some tumours of bones has led to such tumours being 
nominated ' myeloid.’ The absorption of bone ftom the interior to form the 

iullary canal is progressive, and is accompanied by a progressive deposition of 
bone on the exterior from the periosteum, until the bone has attained the shape and 
size which it is destined to retain during adult life. 

While the ossification of the cartilaginous shaft is extending towards the 
articular ends, the cartilage immediately in advance of the osseous tissue continues 
3w until the length of the adult bone is reached. 

ring the period of growth the articular end, or epiphysis, remains for some 
?%itirely cartilaginous, then a bony centre appears, and initiates in it the 
WpB^e- process of intracartilaginous ossification ; but this process never extends to 
any great distance. The epiphysis remains separated from the shaft by a narrow 
cartilagp^us lay^ for a definite time. This layer ultimately ossifies, the dis- 
tinctiW and epiphysis is obliterated, and the bone assumes its 

co mplet ed form ’ano^fiipe.. The same remarks also apply to such processes 
of^lflffe as are separately ossified, e.g. the trochanters of the femur. The bones 
therefore continue to grow until the body has acquired its full stature. They 
increase in length by ossification continuing to extend behind the epiphysial 
cartilage, which goes on growing in advance of the ossifying process. They 
increase in ci^cuia|ej;ence by deposition of new bone, from the deeper 
layer of fih'e bn their external surface, and at the same time 

an absorption takes place from within, by which the medullary cavities arc*, 
increased. 

The medullary spaces which characterise the cancellous tissue are produced 
by the absorption of the original fa?tal bone in a manner similar to that by which 
the original 4Uedulla.ry canal is formed. The distinction between the cancellous 
and the compact tissue appears to dc.*pend essentially upon the extent to which 
this process of absorption has been carried. In some morbid states of the bone 
inflammatory absorption produces exactly the same change, and converts portions 
of bone, .jnaturally compact, into cancellous tissue; in other pathological con- 
ditions doui^ bone may be formed. 

The number of ossific centres varies in different bones. In most of the short 
bones ossification commences by a single point near the centre, and proceeds towards 
the surface. In the long bones there is a central point of ossification for 
the shaft or diaphysis : and one or more for each extremity, the epiphysis. That 
for the shaft is the first to appear. The times of union of the epiphyses with the 
shaft vary inversely with the times at which their ossifications began (with the ex- 
ception of the fibula) and regulate the direction of the nutrient arteries of the 
bbnes. Thus, the nutrient arteries of the bones of the arm and fiorearrn are 
directed towards the elbow, since the epiphyses at this joint become united to the 
shafts before those at the opposite extremities. In the lower limb, on the other 
hand, the nutrient arteries are directed away from the knee : that is, upwards in 
the femur, downwards in the tibia and fibula ; and in them it is observed that 
the upper epiphysis of the femur, and the lower epiphyses of the "tibia and 
fibula, become first united to the shafts. 

Where there is only one epiphysis, the medullary artery is directed towards 
the other end of the bone ; as towards the acromial end of the clavicle, towards 
the distc^l ends of the metacarpal bone of the thumb and the metatarsal bone 
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"oltbe ^eat toe, and towards the proximal ends of the other metacarpal and 
metatarsal bones. 

Besides . these epiphyses for the articular ends, there are others for projecting 
parts or processes, whidi are formed separately from the bulk of the bone. 
For an account of these the reader is referred to the description of the 
individual bones.% * ^ 

Parsons (Journal of Anatomy and Physiology, vol. xxxviii.) groups epi- 
physes under three hea<^ngB, viz. (1) jpressure epiphyses, appearing at the articular 
ends of the bones and transmitting ‘ the weight of the body from bone to bone ’ ; 
(2) traction epiphyses, associated with the insertion of muscles ; and (3) atavistic 
•epiphyses, representing parts of the skeleton which at one time formed separate 
bones, but which have lost their function ‘ and only appear as separate ossifications 
in early life.’ 

Applied Anatomy. — It has been stated above that the bones increase firstly in length 
by ossification continuing to extend in the opiph 3 rsial cartilage, whicli goes on growing in 
advance of the ossifying process ;*and secondly in circumference by deposition of new bone 
from the deeper layer of the periosteum, on the external surface. A thorough realisation 
of these facts is essejitial to the student, when he comes to consider the various patho- 
logical changes which affect bone. An 3 rthing which interferes with the growth at the 
epiphysial line will load to a diminution in the length which the bone should attain in 
adult life, and similarly anything which interferes with the growi-h from the deeper layer 
of the periosteum will result in a disproportion in the thickness of the bone. Thus separa- 
tion of the epiph 3 mis, septic or tuberculous disease about the epiphysial lino, and excisions 
involving the epiphysial line, will result in varying amounts of shortening of the bone, as 
compared with that of the opposite side ; whereas separation or imperfect nutrition of 
the periosteum results in defective growth in circumference. 

It is thus obvious that a careful study of osseous development is of the very greatest 
utility in the proper understanding of bone disease ; and, moreover, an accurate knowledge 
of the blood supply of a long bone has also many important bearings. The outer portion 
of the compact tissue being supplied by periosteal vessels, which reach the bone through 
muscular attachments, it follows that where the muscular structures are well dcveli>ped, 
and therefore amply supplied with blood, the iieriosteum will also Ixs well nourished 
and the bones proportionately well developed in girth ; this is well sexm in strong 
muscular men with well-marked ridges on the bones. Conversely, if the muscular 
develojnnont bo poor, the bones arii (50iTes[)ondingly thin and light, and if from any t‘aiise 
a limb has been paralysed from early childhood, the whole of the l)one.s of that extremity 
are remarkable for their extreme thinness — that is to say, the periosteal blood supply 
has been insufficient to nourish that membrane, and consequently very little fresh osseous 
tissue has been added to the bones from the outside. 

^J’ho best example of this condition is seen in connection with the disc^asc known as 
infantile paralysis, where a limb becomes paralysed at a very early j)eriod of childhood, 
where the muscles become flaccid and atonic, and whore the blood supply is in (!ons(!qucncc 
very greatly diminished. In such cases, although the limb does continue to grow^ in length 
from the epiphysial lines, its length is considerably less than on the normal side, owing 
to the imperfect nutrition ; but the most striking feature about all the long bones of 
the limb is their remarkable tenuity, little or no addition having been made to their 
circumferences. 

In cases where the periosteum has been separated from the compact tissue by extensive 
injury or inflammatory exudation, necrosis or death of the underlying portion of bone 
takes place owing to its blood supply having been cut off, and the dead portion or 
sequestrum has to bo subsequently separated and cast oIF. 

(’ases, how'ever, occur where the inflammatory process affects the whole or a great 
portion of the diaidiysis of a long bone, and here extensive death of the affected portion 
takes place, and the condition goes by the name of acute infective 'periostitis. Where this 
occurs the shafti of the bone dies vt^ry rapidly, especially if the single nutrient artery be 
thrombosed at the same time. The pus which has formed beneath the periosteum is set 
free by timely incision, or bursts on the surface ; the periosteum then falls back on the 
necrosed diafihysis and rapidly forms a layer of new periosteal bone, surrounding the 
sequestrum. This layer is called the involncrum, and the openings in it through which 
the })us escapes the clocu^oe. When the inflammatory process affects mainly the medullary 
canal, the condition is spoken of as osteo^myelitis, and the two conditions very frequently 
co-exist, and then go by the name of acute infective necrosis of hone or acute diaphysitis. 
W^hen the medullary cavity is filled with pus, septic thrombosis of the veins in the 
Haversian canals takes place, and there is a very great danger of septic emboli being 
displaced and carried into the general circulation, thus sotting up a fatal pycemia. In 
fact, pyeemia is more frequently due to septic bone conditions 3ian to any other cause. 

In the pro-antiseptic days, pysomia frequently resulted, from amputations, where the 
medullary canai of a long bone was opened by the saw cut. Osteo-myelitis*onBued, 
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and if the patient survived, a tubular sequestrum of the divided shaft subsequently 
separated. . ' 

A proper understanding of the epiphyses is of the utmost possible impoi*tance to the 
student, and greatly simplifies many of the problems in the pathology of bone disease. 

Speaking generally, the long bones have at either end an epiphysis from the cartilage 
of which gro^h occurs, and hence the shaft of the bone increases jn length from both 
ends. In every cose, however, one opiph 3 ^i 8 is the more active, and also continues in its 
activity for a longer time. This ariively growing epiphysis is always the one from which 
the nutrient foramen in the diaphysis points, and it unites toe the shaft at a later date. 
It follows, therefore, that the increase in length of a long bone is largely dependent on 
this epiphysis, and hence anything which interferes with the growth from this epiphysial 
line at any time prior to the union of Uie epiphysis with the shaft must result in a • 
cessation of growth in length of that bone. Thus when dealing with disease in the neigh- 
bourhood of this actively growing epiphysis very great care should bo taken not to excise 
or destroy its lino of union with the shaft. These cpiph 5 rsc 8 are particularly prone to 
become the seat of tuberculous disease, which especially tends to attack the soft, highly 
vascular cancellous tissue. 

Again, the actively growing epiphysial line is the portion of a long bone which is 
in the vast majority of cases affected by tumour growth in bone, whether it bo innocent 
or malignant, the former (viz. osteoma) usually appearing about puberty, and the latter 
(viz. sarcoma) usually towards the end of the active period of epiphysial growth. 

Ei)iphysial growth, moreover, has tf' be oonsidertid by the surgeon when ho is about 
tt> amputate in a child. If the amputation is being performed through a bone, the 
actively growing epiphysis of which is at the upj^er end, and which will continue to 
grow for many years (i.e. humerus and tibia), it will Ikj necessary to make allowance for 
this and to cut the daps long ; as otherwise, owing to continued growth, the sawn end of 
the bone will ultimately project through the stump, and a condition known as ‘ wniedt, 
stump will result. This requires removal of a further portion of the bone. 

•An inflammatory condition termed acute epiphysitis also occurs, although it is not so 
frequent as the acute infective conditions of the diaphysis, owing to the freer blood supply 
of t)ic epiphysis ; in late years it has been shown that acute epiphysitis in children is very 
fi equently the result of a pneumococcal infection, and it may])ass on to complete 8tq)aration 
of th(^ opifihysis. In this connection it is worthy of iiot(^ that some of the epiphysial 
liiic* lie entirely within th(3 capsules of their corresponding joints, in other (jasos entirely 
without, the cat)8ulcs ; and it must follow that in the former (^aso epiphysial disease, acute 
or chronic, becomes, ipsa facto, practi(?ally synonymous with disease of that joint. The 
best ('xamples of intra-art icular epijdiyses arc those for the head of tli(3 femur and bead 
of the humtu’us, and the vast majority of all cases of tuberculous diseases of the bij) start 
as a tuberculous ef)ipiiysitis about the iiitra-articular epiphysial line of the femur ; again 
cases of acute sej)tic arthritis of the shoulder or hip joints generally have tlu'ir origins in 
these intra-;irticula] cpif>hy.sinl lines, and often result in H(‘paration of the affectinl opiphyiiis. 
The otJicr class, or cxtra-arf icular ejjiphysos, when discvised, do not tend to involv'c tlie 
neigh boui’ing joint so readily ; and it should be tJie surgeon’s duty to keep tlio disi'ase 
from involving tlu' joint. For example, the trochanteric tqhphysis of tlui femur is extra- 
artitailar as r(*gards the hip joint, and the epiphysial line of the head of tlie tibia is well 
below the l(3vel of the knee joint, and should a chronic tuberc.ulous abscess form in the 
latter situation, it should ho attacked from the outside before it lias time to spread up 
and involve tlui cartilage* of the lioad of the tibia. It is therefore of great surgical inten^st 
to note in every ease the relations which the various epiphysial lines bear to their 
respt'ctivo joint capsules. 

A know'Jedge qf the exact peiiods when the ef)iphyscs become joined to the* shaft is 
often of great importance in mcdi(;o-JegaI inquiries. It also aids the siii'geon in tJie dia- 
gnosis of many of the injuries to which the joints ai-e liablti ; for it not infrequently hap[»ens 
I hat, on the application of severe force to a joint, the epiphysis becomes separated from 
the shaft, and such injuries may ho mistaken for fracture or dislocation. 


PIGMENT 

111 various parts of tho body pigment is found ; most froqueutly 411 ejiitlielial 
cells and in the colls of connective tissue. Pigmented epithelial cells arc found in 
the external layer of the retina, on the posterior surface of the iris, in the olfactory 
region of the nose, and in the membranous labyrinth of the ear. Pigment is 
likewise found in the cells of the deeper layers of the cuticle and in the hairs ; 
in the skin of the coloured races it is abundantly present, but in the white races it 
is well marked only in the areolsB round the nipples and in irregular coloured 
patches. 

In the connective-tissue cells pigment is frequently met with in the lower 
vertebrates. In man it is found in the choroid coat of tho eye (fig. 43), and 
. D 2 
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in the iris of all but the light blue eyes and the albino. It is also occasionally 
met with in the cells of retiform tissue and in the pia mater of the upper part of 
the spinal cord. The cells arc characterised hy their large size and by branched 
processes, which are also filled with granules. The processes of the cells can be 
withdrawn or protruded under the influence of light. In the retina the cells 

themselves are also capable pf movement 
ill order to protect the delicate rods and 
cones. The pigment (melanin) consists 
of dark brown or black granules of very 
small size closely packed together within 
the cells, but not invading the nucleus. 
Occasionally the pigment is yellow, and 
when occurring in the cells of the cuticle 
constitutes ‘ freckles.’ In the retina 
another variety of pigment occurs, known 
as rhodopsin or visual purple, which on 
exposure to light is bleached. 


Fio. 43. — Pigment-cells from the choroid 
coat of the e^rpball. 



A ^ Applied Anatomy . — Abnormal pigmenta- 

Av congenital, when it 

often takes the form of dark brown or black 
^M&.'* ** mevi (moles), scattered over a greater or 

smaller area of the body. It may also result 
W K W BOt from the prolonged consumption of various 
drugs, particularly of saltn of silver or arsenic, 
^ being most marked wherever the skin is ex- 

posed to the action of light. Progressive 
darkening or bronzing of the skin is also highly 
suggestive of Addison's disease, which commonly follows destruction or tuberculosis of 
the suprarenal glands ; it is then most obvious in regions where the skin is normally 
pigmented, or is subjected to pressure or irritation from the clothes. Pigmental ion is also 
associated with certain disorders of the skin, the female genitalia, and the thyroid gland, 
and with the later stages of wasting diseases such as cancer and phthisis. It docs not yield 
to any medical troatment as a rule. 


MUSCULAR TISSUE 

The muscles arc formed of bundles of reddish fibres, endowed with the property 
of contractility. There arc two principal kinds of muscular tissue. One of these, 
from the characteristic appearances which its fibres exhibit under the microscope, 
is known as ‘ striped ’ muscle, and, from the fact that it is capable of being put 
into action and controlled by the will, as ‘ voluntary ’ muscle. The fibres of the 
other kind do not present any cross-striped appearance, and for the most part are 
not under the control of the will ; hence they are known as the ‘ unstriped ’ or 
‘ involuntary ’ muscles. The muscular fibres of the heart differ in certain 
particulars from both these groups, and they are therefore separately described 
us ‘ cardiac ’ muscular fibres. 

It is customary. therefore to define three varieties of muscular fibres ; (1) trans- 
versely striated muscular fibres, which are for the most part under the control of 
the will, although some are not so, such as the muscles of the pharynx and upper 
part of the oesophagus. This variety of muscle is sometimes called skeletal ; 
(2) transversely striated cardiac muscular fibres, which are not under the control 
of the will ; (3) plain or unstriped muscular fibres, which are involuntary and 
controlled by a different part of the nervous system from that which controls the 
activity oh the voluntary muscles. Such are the muscular walls of the stomach 
and intestine, of the uterus and bladder, of the blood-vessels, &c. 

Striped or voluntary muscle is composed of bundles of fibres each enclosed 
in a delicate web called the perimysium in contradistinction to the sheath" of 
areolar tissue which invests the entire muscle, the cpimysium (fig. 44). The 
bundles arc termed fasciculi ; they are prismatic in shape, of different sizes in 
different muscles, and arc for the most part placed parallel to one another, though 
they have a tendency to converge towards their tendinous attachments. Each 
fasciculus is made up of a strand of fibres, which also run parallel with each other, 
and which are separated from one another by a delicate connective tissue derived 
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Fia 44. — Tiansverso section 
fiom the steino-mastoid in 
ma|]. Magnified 50 times 

iJl 


from the perirnyBium and teimed endomysium. This does not foim the sheath oi* 
the fibres, but serves to support the blood-vessels and nerves ramifying between 
them. The fibics are enclosed in separate and distinct sheaths of t&uii own, but 
these are not areolar tissue, and therefore not donved frcfm the perimysium. 

A muscular fibre may be said to consist of a 
soft contractile substance, enclosed in a tubular 
sheath named by Bowman the barcoXemum, The 
fibies are cyhndncal oi piismatic lu shape, and are 
of no great length, not exceeding, it is said, an 
inch and a half. They end either by blending 
with the tendon oi aponeurosis, oi else by rounded 
01 tapeiiug extiomities which die connected to the 
neighbouring hbies by means of the sarcolcmma 
Their bieadth vanes m man from to , of 
an inch. As a rule, the fibies do not divide oi 
anastomose , but occasionally, especially in the 
tongue and facial muscles, they may be seen to 
divid(» into several branches. The pieciso mode 
in which the muscular fibre joins the tendon has 
been variously described by different obseiveis 
Tt may, perhaps, be sufficient to say that the 
sarcolcmma appeals to blend with a small 
bundle of fibres, into which the tendon becomes 
subdivided, while the muscular substance tei 
inmates abiuptly and can be leadily made to letiact fiom the point of junction 
The aieolai tissue between the fibies appears to be prolonged moio or less into 
the tendon,' so as to form a kind of sheath around the tendon bundles foi a 
longer oi shortei distance. When muscular fibres are attached to skin oi 
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i 1C4 45 — ^Two human raus- 
( ular fibres Magmfied 350 
times. 



In ihp unc tlio hundh of librillp (a) js 
torn unci tJie sucoltmmu (&) »> sun 
as an mil t> tube 


Fig. 4C. — Fragments of striped musculai hbies, 
showing a double cleavage. Magnified 
300 diamotois 
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mucous membranes, their fibres are described by FIjdo Salter as boconiiiig 
continuous with those of the areolar tissue. 

The sarcolcmma, or tubular sheath of the fibre, is a tianspaiont, elastic, and 
apparently homogeneous membrane of considerable toughness, so that it sometimes 
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' remains entire when included substance is ruptured (fig. tS). On the internal 
Hurface of the sarcolemma iu mammalia, and also in the substance of the fibre in 
the lower animals,, elongated nuclei are seen, and in connection with these a row of 
granules, apparently fatty, is sometimes observed. 

Upon examination of a voluntary muscular fibre by transmitted light, it is 
found to be marked by alternate light and dark bands or striae, which pass 
transversely, or somewhat obliquely, roimd the fibre (fig. 47). The dark and 
light bands are of nearly equal breadth, and alternate with great regularity. They 
vary in breadth from about , yV,, to , of an inch. If the surface be carefully 
focussed, rows of granules will be detected at the points of Junction of the dark and 
light bands, and very fine longitudinal lines may be seen running through the dark 
bands and joining these granules together. By treating the specimen with certain 
reagents (e.g. chloride of gold) fine lines may be soeh running transversely between 
the granules uniting them together. This appearance is believed to be due to a 
reticulum or network of interstitial substance lying between the contractile portions 
of the musch'.. The longitudinal stiiatiou gives the fibre the appearance of being 


Fjo. 47. — A. Portion of a medium -sized human 
muscjular lihre. Magnified nearly 800 dia- 
meters. a. Separaied I uindles of fibrils, equally 
magnified. 



a. u. I/ar.ircr, .uiil h, h, suiiilltT c. Still smallor. 

<1, <1. 'J’Jif snialleHl which could be dotnehed. 


F'ig. 48. — Part of a striped mus- 
cular fibre of the water- beetle, 
prepared with absolute aleohoJ. 
Magnified 800 diameters. (Klein 
and Noble Smith.) 



n. Surfolerniiia. h. Mfinbraiio of Kmuac : 
owiii}.' to i’outractiou ilunii^,' hardcuinji, tlic* 
aiircolfiuin.i shows regular bulgings. At 
the Bide of Krause's Tuenibrane is the tran.a- 
parent liiteral disc. 

Sc\erul nuclei of inuBOlo-corpuBcles are sllo^^^, 
and in them a iniiiuto network. 


made up of a bundle of fibrils, which have been termed sarcostyles or muscle columns, 
and if the fibre be hardened in alcohol, it can be broken up longitudinally and 
the sarcostyles separated from each other (fig. 46, a). The reticulum, with its 
longitudinal and transverse meshes, is called sarco'plasm. 

If now a transverse section be made, the muscular fibre is seen to be divided 
into a number of areas, called the areas of Gohnheim^ more or less polyhedral 
in shape and consisting of the transversely divided sarcostyles, surrounded by 
transparent series of sarcoplasm (fig. 46, b, 6'). 

Upon closer examination, and by somewhat altering the focus, the appearances 
become more complicated, and are susceptible of various interpretations. The 
transveise striation, which in figs. 45 and 46 appears as a mere alternation of 
dark and light bands, is resolved into the appearance seen in fig. 47, which shows 
• a series of broad dark bands, scpait^ted by light bands, ea(jh of which is divided 
into two by a dark dotted line. This line is termed Dobie's line or Krauses 
membrane (fig. 49, h), because it was believed by Krause to be an actual membrane, 
continuous with the sarcolemma, and dividing the light band into two 
compartments. It is now more usually regarded as being due to the light being 
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refracted between discs of different ie{cangibilit]r. In addition to the membrane 
of Krause, fine dear lines may be made out, with a sufficiently high power, crossing 
tbe centre of the dark band ; these are known as the lines of Hensen (fig. 49, h). 

Formerly it was supposed by Bowman that a muscular fibre was made up of 
a number of quadrangular particles, which he named sarcous elements, joined 
together like so many bricks forming a column, and he came to this conclusion 
because he found that under the influtnico of ceiijuin reagents the fibre could be 
broken up transvc'rsely into discs, as well as longitudinally into fibrillfle (fig. 46, b). 
But it is now believed that this cross-cleavag(' is purely artificial, and that a 
muscular fibre is built of fibrilla? and not of small quadrangular particles. 

Assuming that this is so, the minute structure of these longitudinal fibrillae, or* 
sarcostyles, may now be Considered. Berhaiis there are few subjects in histology 
wliich have received more attention, and in which the appearances seen under the 
microscope have been more differently interpreted, than the minute anatomy of 
muscular fibre. Schafer has worked out tliis subject, particularly in the wing 
muscles of insects, which are peculiarly adapted foj* tliis purpose oji account of the 
large amount of interstitial sarcoplasm whicli so})?nates tlie sarcostyles. Tn the 
following description that given bv Sthafer will be closely followed (fig. 49). 

A sarcostyle may be said to b<* made up of successive portions, each ot which 
is termed a sarvonwre. The saicomciM^ is situated between two membranes of 
Krause, and consists of (1) a cential daikpart, whicli forms a portion of the dark 
band of the whole fibic, and is named a /farrows element.* This sarcous elemenf 


Fig. 49. — Diagram of a sareomore. (After Schafer.) 

A. In moderately extended condition, b. In a contracted condition. 



l. Alombruncb of Krause. IT Line or plane of Ilonseu, s k. I’oiiferouB saioous clemenL. 


really consists of two parts, superimposed one on the top of the other, and when 
the fibre is stretched these two parts become sepaiatcd from each other at the line 
of Flciisen (fig. 49, a). (2) On either side of this central dark portion is a clear 

layei, most visible when the fibre is extended ; this is situated between the daik 
centre and the membrane of Krause, and when tlie sarcomeres arc joined together 
to form the sarcostyle, constitutes the light band of the stiiated muscular fibre. 

When the sarcostvhi is extended, the clear intervals arc well marked and 
plainly to be seen ; wiien, on the other hand, the sarcostyle is contracted, that is 
to say, the muscle is in a state of contraction, these clear portions arc very small 
or they may liavc disap^ieared altogether (fig. 49, b). When the sarcostyle is 
stretched to its lull extent, not only is the clear portion well marked, but the dark 
portion — the sarcous element — is separated into its two constituents along the 
line of Ilensen. 

The sarcous element docs not lie free in the sarcomere, Jor w^hen the sarcostyle 
is stretched, so as to render the clear portion visible, very fine lines, which arc 
piobably septa, may be seem running through it from the sarcous element to the 
membrane of Krause. 

Schafer explains these phenomena in the following way. lie coiisidors that 
each sarcous element is made up of a number of longitudinal channels, which open 
into the clear part towards the membrane of Krause but are closed at the line of 
Hensen. When the muscular fibre is contracted the clewr part of the muscular 

• This must not be confused with the * sarcous element of Bowman ' (see above). 
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'dubstance is driven into i&ese channels or tubes, and is therefore hidden from 
sight, but at the same time it swells up the sarcous element and widens and 
shortens the sarcomere. When, on the other hand, the fibre is extended, this clear 
substance is driven out of the tubes and collects between the sarcous element 
and the membrane of Krause, and gives the appearance of the light part between 
these two structures ; by this means it elongates and narrows the sarcomere. 

If this view be true, it is a matter of ^eat interest, and, as Schafer has shown, 
harmonises the contraotion of muscle with the amoeboid action of protoplasm. 
In an amoeboid cell there is a framework of spongioplasm, which stains with 
haematoxylin and similar reagents, enclosing in its meshes a clear substance, 
•hyaloplasm, which will not stain with these reagents. Under stimulation the 
hyaloplasm passes into the pores of the spongioplasm ; without stimulation it tends 
to pass out as in the formation of pseudopodia. In muscle there is the same thing, 
viz. a framework of spongioplasm staining with hrematoxylin — the substance of 
the sarcous element — and this encloses a clear hyaloplasm, the clear substance of 
the sarcomere, which resists staining with this reagent. During contraction of 
the muscle — i.e. stimulation — ^liis clear substance passes into tSe pores of the 
spongioplasm ; while during extension of the muscle — i.e., when there is no stimu- 
lation — it tends to pass out of the spongioplasm. 

In thLs way the contraction is ])rought about : under stimulation the proto- 
plasmic material (the clear substance of the sarcomere) recedes into the sarcous 

Fia. 50. — Non-striated muscular fibre. (From Kirke’s ‘ l^hysiology.*) 




clement, causing the sarcomere to widen out and shorten. The contraction of the 
muscle is merely the sum total of this widening out and shortening of these bodies. 

The capillaries of striped muscle are very abundant, and form a sort of rect- 
angular network, the branches of whicdi run longitudinally in the endomysium 
between the muscular fibres, and are joined at short intervals by transverse anasto- 
mosing branches. The larger vascular channels, arteries and veins, arc found 
only in the perimysium, between the muscular fasciculi. 

Nerves arc profusely distributed to striped muscle. Their mode of termination 
is described on page 53. 

The existence of lymphatic vessels in striped muscle has not been ascertained, 
though they have been found in tendons and in the sheaths of the muscles. 

TJnstriped, plain, or involuntary muscle is found in the following situations — 
viz. the lower half of the oesophagus and the whole of the remainder of the 
gastro-intestinal tube ; in the trachea and bronchi, and the alveoli and 
infundibula of the lungs ; in the gall-bladder and common bile duct ; in the 
large ducts of the salivary and pancreatic glands ; in the pelvis and calyces ol 
the kidney, the ureter, •bladder, and urethra ; in the female sexual organs — 
viz. the ovary, the Fallopian tubes, the uterus (enormously developed in preg- 
nancy), the vagina, the broad ligaments, and the erectile tissue of the clitoris ; 
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Ficn 51. — Anastomcflting mus- 
cular fibres of the heart seen 
in a longitudinal section. On 
the right the limits of the 
separate cells with their nuclei 
ai‘9 exhibited somewhat dia- 
grnmmatically. 



in the male sexual organa— viz. the dartos of the scrotum, the vas deferens and 
epi^dymis, the vesicuTse seminales, the prostate gland, and the corpora cavernosa 
and corpus spongiosum ; in the capsule and 
trabeculae of the spleen^ in the mucous mein* 
branos, forming the muscularis mucosm; in the 
skin, forming the arrectores pilorum, and also in 
the sweat-glands ; in the arteries, veins, and 
lymphatics ; in the iris and the ciliary muscle. 

rlain or unstriped muscle is made up of spindle- 
shaped cells, callwi contractile Jibre-cells, collected* 
into bundles and held together by a cement sub- 
stance (fig. 60). These bundles are further aggi e- 
gated into larger fasciculi, or flattened bands, 
and bound together by ordinary connective 
tissue. 

The contractile fibre-cells arc elongated, spindle- , 
shaped, nucleated cells of various sizes, averaging 
from to of an inch in length, and 4 

in breadth. On transverse 
section they are more or less polyhedral in sljape, 
from mutual pressure. Each presents a faint 
longitudinal stria tion and consists of an elastic 
cell-wall containing a central bundle of fibrillaj, 
representing the c^ontractile substance, and an 
oval or rod-like nucleus, which includes, within a 
membrane, a fine network commimicating at the 
poles of tlie nucleus with the contractile fibres 
(Klein). The adhesive interstitial cement substance, which connects the fibre- 
cells together, represents the endomysium of striped muscular tissue, while the 

tissue connecting the individual bundles 
together represents the perimysium. Un- 
striped muscle, except the ciliary muscle, 
is not luider the control of the will, 
neither is the contraction rapid nor does 
it, as a rule, involve the whole muscle, 
as is the case with the voluntary muscles. 
The membranes which arc composed 6i 
unstriped muscle slowly contract in a 
part of their extent, generally under the 
influence of a mechanical stimulus, as 
that of distension or of cold ; and then 
the contracted part slowly relaxes while 
another portion of the membrane takes 
up the contraction. This peculiarity of 
action is most strongly marked in the 
intestines, constituting their vermicular 
motion. 

Cardiac muscular tissue.— The fibres 
of the heart differ very remarkably 
from those of other striped muscles. 
They are smaller by one-third, and 
their transverse stri© arc by no means 
so well marked. The fibres are made 
up of distinct quadrangular ^ells joined 
end to end* (fig. 51). Each cell con- 
tains a clear oval nucleus, situated near 
the centre of the cell. The extre- 
, ^ mities of the cells have a tendency 

to branch or divide, the subdivisions uniting with offsets from other colls, and 
thus producing an anastomosis of the fibres. The connective tissue betw^een 

The junctions between the cells are only occasionally seen, and so/ne histologists 
aiaiiitain that they are only artefacts. 


Fig. 52. — ^l^urkinjo fibres from the 
sheep’s heart. 
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Hie bttnd)^ jflUjffc-ee is muofe|||i^l4l^ ^ oidmaiy strip^ musofe, and no 

sareolemma WsllHte 

Parkiii[|d' flbi^rlfig. 52).-;^Bet^aen the enilocardium and the otdinary cardiac 
muscle alb fottnd, emhedded in a small amount of connective tissue, peculiar fibres 
known as Purkinje jftbres. They are found in certain mammals and in birds, 
and can be best seen in the sheep’s heart, where they form a considerable portion 
of the moderator band and also appear as gelatinous-looking strands on the inner 
walls of the auricles vid ventrides. Recently it has been shown that they 
also occur in the human heait (bundle of His). The fibres are very much larger 
in size than the eardiac cells and differ from them in several ways. In longitudinal 
* section they are quadrilateral in shape, being about twice as long as they are 
broad. The central portion of each fibre contains one or more nuclei and is made 
up of granular protoplasm, with no indication of striations, while the peripheral 
portion is clear and has distinct transverse striations. The fibres are intimately 
connected with each other, possess no definite sareolemma, and do not branch.* 

Development of muscle fibres. — Voluntaiy muscular fibres are developed from 
the mesoderm, the embryonic cells of which elongate, show multiplication of 
nucl(‘i, and (‘ventually become stiiatcd ; the striation is first obvious at the side 
of the fibres, spieads around the ciicumfeience, and ultimately extends to the 
ceiitie. The nuclei, at fir'^t situated centrally, gradually pass out to assume their 
final position immediately beneath the saicoleinma. In the case of involuntary 
muscle the mesodcimal cell aspumes a poiuteil shupe at the o\treinities and 
becomes flattened, the nucleus dlso lengthening out to its permanent rod lik(‘ 
form. 


NERVOUS TISSUE 

The nervous tusues of the body comprise the brain (including the medulla 
oblongata), the spinal eoid, th(‘ eianial, spinal, and sympathetic nerves, and the 
ganglia connected ijvitli them. 


Fig. 53. — Neuroglia cells ot liiain hho\^n by Golgi’s method. (After Andriezen.) 
(Copied fjom Schafer’s ‘ Essentials of Histology.’) 



A rdl witli lirmiiliPd processes 1* spi<lii ecll ^itli iiiibi inilitd i»rooeHses 


The uei vous tissues ine found microscopically to be composed of nerve-cells 
and then v<nious |)T<)(*esscs, together with a supporting tissue called neuroglia ^ 
which, however, is found only in the brain and spinal cord. Certain long pro- 
cesses of the nerve-cells aic of special importance, and it is convenient to consider 
them apart from the cells ; they are known as nerve- fibres. 

* In tlic human htait tjie piimitive muscle tissue is composed ol many typos ol hbies 
(Gibson . British Medical Journal^ Januaiy 1909) 
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To the naked eye a i^ifEezence is o^staw the brain 

and spinal oord, viz. tiie mnaUe/r and UM ■mme grey matter is 

Fio, 54.--Vaiiou8 forms of nenre-otlk. f 
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lai^el) composed ol neive-colls while the white matter contains only their long 
pi 01 esses, tilt iui\i fibies It is in the foimer that nervous impressions and 

impulses ongiuate, and by fhe latfei 
Ji( 55 — Jiij)olai neiteccll Irom the that tho> are conducted Hence the 

vjunal i^aiij'lion oi the juke (Altei giey mattei foims the essential ton 

^ stituent of all the ganglionic centres, 

both those m the isolated ganglia and 
those aggregated in the bi am and spinal 
cold , while the white matter is found 
in the commissural poitions of the 
noive-centreb and in the peiipheial 
nei VOS 

Neuroglia, the petuliai giound 
substance in which aie embedded the 
tiue neivous constituents oi tlie biain 

Fio 50 — ^Motoi neive-cell from vcntial 
hoin of spinal coid of ial)bit (Alter 
Nissl ) The angulai and s^andle shaped 
Nissl boches are well shown 
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and spinal cord, consists of fibres and cells Some of the cells ar(‘ stellate in shape, 
and their fine processes become neuiogha-fibres, which extend radially and 





HISTOLOGY 


unbranched (fig. 53, b) among the nerve cells and fibres which they aid in si , 

Other cells pve off fibres which branch repeatedly (fig. 53, a). Some of the fibres 
start from the epithelial cells lining the yentricles of the brain central canal 
of the spinal cord, and pdka through the nervous tissue, branching repeatedly to 
terminate in slight enlargements on the pia mater. Thus, neuroglia is evidently 
a connective tissue in function but is not so in development ; it is ectodermal 
in origin, whereas all connective tissues are mesodermal. 

Nerve-cells are largdy aggregated in the grey substance of the bruin and 
spinal cord, but smaller collections of these cells also form the swellings, called 

ganglia, seen on many nerves. These 


Fig. 57. — Pyramidal cell from the cere- 
bral cortex of a mouse. (After Ramun 
y Cajal.) 



latter are found chiefly upon the spinal 
and cranial nerve-roots and in con- 
nection with the sympathetic nerves. 

The nerve-cells vary in shape and 
size, and have one or more processes. 
They may bo divided for purposes of 
description into three groups, accord- 
ing to the number of processes which 
they possess : (1) Unipolar cells, 

which are found in the spinal ganglia ; 
the vsingle process, after a short course, 
divides in a T -shaped manner. (2) Bi- 
polar cells, also found in the spinal 
ganglia (fig. 55), when the cells are in 

¥u\. 58. — Cell of Buikinjo from the eere- 
Mliim of a eat. (After Ramnn y 
Cajal.) 



an emhryontc condition. They arc best demonstrated in the sympathetic ganglion- 
cells of a frog. Sometimes the processes come off from opposite poles ol the 
cell, and the cell then assumes a spindle shape ; in other cells they both emerge 
at the same point. In some cases where two fibres are apparently connected 
witli a cell, one ot the fibres is really derived from an adjoining ixorvc-coll and is 
passing to end in a ramification around the gangliou-cell, or, again, it may be coiled 
spirally round the nerve process which is issuing from the cell. (3) Multipolar 
cells, which are caudate or stellate in shape, and characterised by their large size 
and by the tail-Uke processes which issue from thoru. The processes are of two 
kinds : one of them is termed the axis-cyUnder 'process or aaum because it becomes 
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the axis-cylinder of a nerve-fibre (figs. 66, 67, 68). Tlie others are tenned the 
pfotoplasfmc frooe 98 e 8 ot denirons ; they begin to divide and subdivide as soon 
as they emerge from the cell, and finally end in minute twigs and become lost 
among the other elements of the nervous tissue. * 

Each nerve-cell consists of a finely fibrillated protoplasmic material, of a 
reddish or yellowish-brown colour, which occasionally presents patches of a deeper 
tint, caused by the aggregation of pigment-granules at one side of the nucleus, 
as in the substantia nigra and locus ccnnleus of the brain. The protoplasm also 
contains peculiar angular granules, which stain deeply with basic dyes, such as 
methylene blue ; these are known as NissVs granules (fig. 56). They extend into^ 
the dendritic processes but not into the axis cylinder; the small clear area at the 
point of exit of the axon is termed the cone of origin. These granules disappear 
[chromatolgsis) during fatigue or after prolonged stimulation of the nerve-fibres 
connected with the cells. They are supposed to reprcseiit a store of nervous 
energy, and in various mental diseases are deficient or absent. The nucleus is, as 
a rule, a large, well-defined, round, vesicular body, often presenting an intra- 
nuclear network, and containing a nucleolus which is peculiarly clear and brilliant. 

Nerve-fibres are found universally in the periplu^ral nerves, and in the white 
siibst.ince of the brain and spinal cord. They are of two kinds— * viz medullated 
or white fibr(»s, and nou-weditllated or greg fibres. 


Kto. 59. — Medullatcd nerve-fibres stained with silver nitrate. 



Frohman}i\ hiub 


T*i(* meduUated fibres lorm the white pait ol the brain and spin.il coid, and 
also the greater part ot ev('rv cerebro-spinal nerve, and give to these btructures 
their opaque, white aspect. When perfectly fresh thev appear to be homogeneous ; 
but soon after removal from the body each fibre presents, when examined by trans- 
mitted light, a double outline or contour, as it consisting of two parts (fig. 59). 
The central portion is named the axis eyhnder of PurUnje ; around this is a 
sheath of fatty material, staining black wdth osmic acid, named the white sub’ 
stance of Schwann or medullary sheath, which gives to the fibre its double contour, 
and the whole is enclosed in a delicate membrane, the neurilemma, primitive 
sheath, or nucleated sheadh of Schwann (fig. 5^. 

The asis cylinder is the essential part of the nerve-fibre, and is always present ; 
the medullary sheath and the neurilemma are occasionally absent, especially at 
the origin and terminal ion of the nerve-fibre. It undergoes no interruption from 
its origin in the nerve-centre to its periplieral termination, and must be regarded 
as a direct prolongation of a nerve-cell. It constitutes about one-half or one- 
third of the nerve-fi])fe, being greater in proportion in the fi})res of the central 
organs than in those of the nerves. It is quite transparent, and is therefore 
indistinguishable in a perfectly fresh and natural state of the nerve. It is made up 
M exceedingly fine fibrils, which stain darkly with gold chloride (fig. 60), and at 
its termination may be seen to break up into these fibrillac. The fibrillac have 
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*Fig. 60. — Longitudinal section through 
a nerve-fibre from the sciatic nerve 


of a frog. 
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been termed the fhriUce of Schultze. The axis cylinder is said by some 

to bo enveloped in a special, reticular sheath, which separates it from the 
medullary sheath, and is composed of a substance called neuroheralin. The 
more common opinion is that this network or reticulum is contained in the white 
matter of Schwann, and by some it is believed to be produced by the action of 
the reagents employed to show it. 

The meduVmy sheMh or white matter of Schwann (fig. 60) is regarded as being a 
fatty matter in a fluid sCate, which insulates and protects the essential part of the 
nerve — the axis cylinder. It varies in thickness, in some forming a layer of extreme 

thinness, so as to be scarcely distinguish- 
able, in others forming about one-half the 
nerve-fibre. The variation in diameter 
of the nerve-fibres (from j to of 
an inch) depends mainly upon the 
amount of the white substance, though 
the axis cylinder also varies within 
certain limits. The medullary sheath 
docs not always form a continuous 
sheath to the axis cylinder, but under- 
goes interruptions in its continuity at 
regular intervals, giving to the fibre the 
appearance of constriction at these 
points. These were fiivst described by 
Ranvier, and are known as tlio notle^ of 
Ramier (fig. 61). The portion of nerve- 
fibre between two nodes is called an 
internodal segment. The neurilemma or 
primitive sheath is not interrupted at 
the nodes, but passes over them as a 
continuous membrane. In addition to 
the8(^ interruptions oblique clefts may 
be seen in the medullary sheath, sub- 
dividing it into ii n'gular portions, wliich are termed meduUxtry segments, or segments 
of Lanlermann (fig. 60). There is reason to believe that these clefts are artificially 
produced in the preparation of the specimens. Medullated lunve-fibres, when 
e.xamined, frequently present a beaded or varicose appearance : this is duci to 
manipulation and pressure causing the oily matter to collect into drops, .‘ind in 
consequence of the extniine delicacy of the primitive sheath, (iven slight piessure 
will cause the transudation of the fatty matter, which collects as drops of oil outside 
the membrane. This is also promoted by the action of certain reag(mts. 

The neurilemma or primi- \ ^ \ , 

live sheath presetits the of.a moduIlaW nerve- 

nl)rc. Viewed from above, magnified about 760 dia- 
‘ motors. The medullary sheath is discontinuous ai 

structureless membrane. node, whereas the axis cylinder passes from 

Here and there beneath it, one segment into the other. At the node the 

and situated in depressions neurilemma appears thickened. (Klein and Noble 

in the white matter of Smith.) 

Schw^ann, are nuclei sur- 
rounded by a small amount 
of protof)lasm. The nuclei 

are oval and somewhat 
flattened, and bear a definite relation to the nodes of Ranvier ; one nucleus 
generally lying in the centre of each internode. The primitive sheath is not 
present in all medullated nerve-fibres, being absent in those fibres which are found 
in the brain and spinal cord. 



Wallerian Degeneration . — ^When nerve-fibres are cut across, the central ends of the 
fibres degenerate as far as the first node of Ranvier ; but the peripheral ends degenerate 
simultaneously throughout their whole lengths. The axons break up into fragments and 
become surrounded by drops of myelin which are formed from the breakihg down of the 
medullary sheath. The nuclei of the primitive sheath proliferate, and finally absorption 
of the axons and myelin takes place. If the cut ends of the nerve be sutured together 
regeneration of the nerve-fibres takes place by the downgrowths of axons from the central 
end of the nerve. At one time it was believed that the regeneration was peripheral in 
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'.’origiii, but thia hM been licperimentaBy proved by Halliburton tmd Mott not to be the oaee, 
the^Uferated nuclei in the peripheral portions taking part meroly in the formation of the 
Bo-oalled scaffol^ng along which the new axons pass. 


Non-medullated Jih'es. — ^Most of the fibres of the sympathetic system, and 
some of the cerebro-spinal, consist of the grey or gehtinous nerve-fibres— of 
Remah (fig. 62). Each of these consists of a central core or axis cylinder enclosed 
in a nucleated sheath which tends to split into fibrillse, aind is probably of the 
^nature of neurokeratin. In external appearance the non-medullated nerve-fibres 
are semi-transparent and grey or yellowish-grey. The individual fibres vary in 
size, generally averaging about half the size of the medullated fibres. 

Development of nerve cells and fibres. — The nerve-cells are developed from 
certain of the cells which line the neural canal or form the neural crest of the 


embryo (see section on Embryology). Some of these cells assume a rounded form 
and are termed neurohlmts, and from each neuroblast there grows out a process, 
the a3ds-C3^1inder process or axon, and subsequently the brandling processes or 
dendrons* The axis cylinders, at first naked, acquire their medullary sheaths, 
possibly by some metamorphosis of their outer layers. The neurilemma is thought 
to be derived from mesodermal cells which become flattened and wrapped round 
the fibre, the cement substance at their apposc^d cuds 

forming the material which stains with silver nitrate at Fm. 62. — A small ner- 
the nodes of Ranvier. Nerve-cells in the sympathetic vous branch from the 

and peripheral ganglia take their origin from small sympathetic of a mam- 

collections of neuroblasts, which are split off from the 


rudimentary spinal ganglia. Cells which are, originally, 
similar to neuroblasts seem to give rise to neuroglia 
cells, numerous processes sprouting from the cell to 
form the neuroglial fibres. 

The nervous structures are divided into two great 
systems — viz. the central, comprising the brain and 
spinal coj-d ; and i he peripheral, consisting of the nej*vcs 
connected with them. All these structures require 
separate consideration ; they are composed of the two 
kinds of nervous tissue above described, intermingled 
in various proportions, and having, in some parts, a very 
intricate arrangement. 

The brain and spinal cord form the central system. 
Tn the brain the grey nervous matter is found on tlu', 
surface, forming the convolutions of the cerebrum, and 
th(», laminm of tlie cerebellum; in the interior it is 



collected into large and distinct masses or gangli- ■■ Two luodunutod norvo-iiiiros 
onic bodies, such as the corpus striatum, thalamus, 
ajid corpora quadrigemina ; or is intermingled inti- 
mately with the white as in the pons Varolii and the floor of tlie fourth 
ventricle. 


In the spinal cord the grey matter is accumulated in th(^ centre and the white 
matter on the periphery. The special arrangement and distribution of the grey 
ajid wdiite matter in the central nervous system are described with the aiiatoiiiy 
of the nervous system. 

The nerves are round or flattened cords, formed of the nerve-fibres already 
described. They are connected at one end with the central nervous system or with 
the ganglia, and arc distributed at the other end to the various textures of the 
body ; they are subdivided into tw^o great classes — the cerebrospinal nerves, 
which proceed directly from the brain and spinal cord, and the Sympaihetic 
nerves, which proceed from the ganglia of the sympathetic. 

The cerebro-spinal nerves consist of numerous nerve-fibres collected together 
and enclosed in membranous sheaths (fig. 63). A small bundle of fibres, 
enclosed in a tubular sheath, is called a funiculus ; if the nerve is of small size, 
it may consist^ only of a single funiculus ; but if large, the funiculi are collected 
together into larger bundles or fasc^uli, which are bound together in a common 
membranous investment. 

In structure, the common membranous investmejit, or sheath of the whole 
nerve (epmeurium), as well as the septa given off from it, to separate the fasciculi, 
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consist o1 couuoctivo tissue, composed of white and yellow elastic fibres, the latter 
existing in great abundance. The tubular sheath of the funiculi {perineurium) 
is a fine, smooth, transparent membrane, which may be easily separated, in the 
form of a tube, from thh fibres it encloses ; in structure it is made up of con- 
nective tissue, which has a distinctly lamellar arrangement. The nerve-fibres are 
held together and supported within the funiculus by delicate connective tissue, 
called the endoneurium. It is continuous with septa which pass inwards from 
the innermost layer of the perineurium, and shows a ground substance* in which 
are imbedded fine bundles of fibrous connective tissue wliich run for the most part^ 
longitudinally. It serves to support capiUary vessels, which are arranged so as to 
form a network with elongated meshes. The cerebro-apinal nerves consist almost 
exclusively of the medullatod nerve-fibres, only a very small proportion of the 


nori-raedulLited being present. 

The blood-vessels supplying a nerve terminate in a minute capillary plexus, 
the vessels composing which pierce the periiieurium, and run, for the most part, 

^ parallel with the fibres ; they are 

Fig. 6.3.— Transverse section through a micro- connected together by short, trans- 
bcopic nerve, representing a compound nerve- vorsc vessels, forming narrow, 

IjundK surrounded by perineurium. Magni- oblong meshes, similar to the capil- 

ThelnX&fib'^ are seen as circles with a W 

i._-i j medullated nerve-libres. vaso-mofor 


cylinder, in transverse section. They are im- 
i)eddcd in endoneurium, containing numerous 
nuclei, which belong to tlie connective-tissue 
cells of the latter. (Klein and Noble Smith.) 



p. Ftriiifiinnm, tjJ lainmt of fibrou'. comiiotive 

tisriiu, ilt-Piuatiii„' with IKittciinl iiu« loatoti connective tibMio 
(fils / JArnjiJi spnt httwtoii fieiiiicuriuiri arnl suiftice oi 
lurve buiidit 


Jibres, accompany these capillary 
vessels, and break up into ele- 
mentary fibrils, which form a net- 
work around the vessels. Horsley 
has demonstrated certain medullated 
fibres running in the epineurium 
and terminating in small splicroidd.1 
tactile corpusclob or end-bulbs of 
Krause. These mu’ve-fibies, which 
Marshall believes to be sensory, and 
which he has termed rjervl nermrum^ 
are considered by liiin to have an 
impoitant bearing upon certain 
neuralgic pains. 

The nerve-fibres, as far as is at 
present known, do not coalesce, 
but pursue an uninterrupted course 
from the centre to the “Tperiphery. 
In siiparatiug a nerve, however, 
into its component funiculi, it maj 
be seen that these do not pursfb; 
a perfectly insulated course, but 
occasioually join at a very acute 
angle with other tuniculi proceeding 
in the same direction ; from this, 
branches are given off, to join 
again in like manner with other 
funiculi. It must be distinctly 


understood, however, that in these communications the individual nerve-fibres do 


not coalesce, but meiely pass into the sheath ol the adjacent nerve, beqpme inter- 
mixed with its nei*ve-fibr(»s, and again pass on, to intermingle with the nerve- 
fibres m some adjoining funiculus. » 

NerveA, in their course, subdivide into branches, and those fre gugia tly com- 
municate with branches of a neighbouring nerve. The commuuj|jHpLS which 
thus take j)lace form what is called a plexus. Sometimes ^ ploxui^pi|prmed by 
the primary bran(‘hes of the trunks of the nerves — as the cervical, brachffl, lumbar, 
and sacral ph'xuses— and occasionally by the terminal funiculi, as in the plexuses 
formed at the periphery of the body. In the formation of a plexus, the component 
nerves divide, then join, and again subdivide in such a complex manner that the 
individual funiculi beconus interlaced most intricately ; so that each branch leaving 
a plexus may contain filaments from all the primary r^^rvous trunks which form 
the plexus. In the formation also of smaller plexuses at the periphery of the 
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body there is a free interchange of the funiculi and ptunitive fibres. In each case, 
however, the individual fibres remain separate and distinct. 

It is probable that through this interchange of fibres, every branch passing off 
from a ^exus has a more extensive connection with the Spinal cord than if it had 
proceeded to its distribution without forming connections with other nerves. Con- 
sequently the parts supplied by these nerves have more extended relations with the 
nervous centres ; by tms means, also, groups of muscles may be associated for 
combined^ction. • 

* The sympathetio nerves are constructed in the same manner as the cerebro- 
spinal nerves, but consist mainly of non-modullated fibres, collected in funiculi 
and enclosed in sheaths of connective tissue. There is, however, in these nerves 
a certain admixture of medullated fibres, and the amount varies in different nerves, 
and may be known by their colour. Those branches of the sympathetic whi(‘h 
present a well-marked grey colour are composed chiefly of non-inedullatod ner^^e- 
fibres, intermixed with a few medullated fibres ; while those ot a white colour 
contain many of the latter fibres, and few of the forpier. 

The cercbro-spinal and sympathetic nerve-fibres convoy various impressions. 
The sensory nerves, called also centripetal or afferent nerves, transmit to the nervous 
centres impressions made u])on the peripheral extremities of the ner\^(»s, and in 
this way the mind, through the medium ol the brain, becomes conscious ol external 
objects. The centrijuqal or efferent nerves transmit impressions from the nervous 
centres to the parrs to which the nerves arc distributed, these impressions either 
exciting muscular contraction, or influencing the processes of nutrition, growth, 
and secretion. 

Origins and terminations of nerves. — By the expression ‘ the terminations of 
nerve-fibres’ is signified their connections with the nerve-centres, and with 
the parts they supply. The former are sometimes called their origins^ or central 
terminations ; the latter their peripheral terminations. 

Origins of nerves. — The origin in some cases is single — that is to say, the 
whole nerve emerges from the nervous centre by a single root ; in other iu8tanc<*s 
the nerve arises by two or more roots which come off from different parts of the 
nerve-centre, sometimes widely apart from each other, and it often liuppens, wIkmi 
a nerve arises in tliis way by two roots, that the functions ot these two roots 
are different : as, for example, in the spinal nerves, each ot which arises by two 
roots, the anterior of which is motor, and the posterior sensory. The point whci e 
the nerve root or roots emerge from the surface of the nervous centre is named 
the superficml or apparent origin, but the fibres of the nerve can be traced lor a 
certain distance into the substance of the nervous centre to some portion of tin* 
grey matfwr, which constitutes the deep or real origin of the nerve. The cent! iliigal 
or efferent nerve-fibres originate iii the nerve-cells of the grey substanc(», tlie 
axis cylinder processes of these rells being prolonged to lorm th(» fibn's. In the 
ot the centripetal or afferent noivcs the fibres grow inwards either Irom 
nerve-cells in the organs, ot special sense (e.g. the retina) oi from nerve-celJs 
in the ganglia. Having entered the nerve-centre they brancli and send tlieii 
ultimate twigs among the cells, without, however, uniting with them 

Periphery terminations of nerves. — Nerve-fibres terminate peripherally in 
various ways, and these may be conveniently studied in the sensory and motor 
nerves respectively. 

Sensory nerves would appear to terminate, either in mmute primitive ff)riUa> 
or networks of these ; or else in special terminal organs, which have been named 
peripheraljtmd-orga/ns, and of which there aie soveTal princijial varieties, viz. the 
end-bulj?s of Krause, the tactile corpuscles of Wagner, the Pacinian corpuscles, and 
the iieuio-tendinous and nouro-inuscular spindles. 

TirfMSjMion jw ^brillce, — When a medullated iierve-fibie approaches its 
^orminrajlll^^ white matter of Schwann suddenly disiippears, leavmg only the 
axis cyIil|H by the neurilemma. After a time the fibre loses i|-s 

neurilemfifcVand consists only of an axis cylinder, which can be seen, in prepara- 
tions stabled with chloride of gold, to be made up of fine varicose fibrils. Finally, 
the axis cylinder breaks up into its constituent primitive uerve-fibrilloe, which often 
present regular variGosities ,iiid anastomose with one another, thus forming a 
network. This network is always distributed to epithelial tissue, the nerve-fibrils 
l3d]lg in the interstitial substance between the epithelial cells, and there ter- 
minating, though some observers maintain that the actual terminations are 
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Fig. 64. — ^End-bulb of Krause. 



\ McdiilliiteJ iicTve-fibro. h. Tapsule of 
corpuscle. (lYoin Klein’s ‘ Klements of 
Uirttolofiy.’) 


within the colls. In this way nerve-fibres have been found to terminate in the 
epithelium of the skin and mucous membranes, and in the anterior epithelium of 
the (iornea. 

TAfi end-bulbs of Krause (fig. 64) arc minute cylindrical or .oval bodies, con- 
sisting of a capsule formed by the expansion of the connective tissue sheath of a 
inedullated fibre, and containing a soft semi-fluid core in which the axis cylinder 
teriniaatcs either as a bulbous extremity, or in a (ioiled-up plexiform mass. End- 

bulbs arc found in the conjunctiva of the eye,^ 
where they are spheroidal in shape in man, 
but cylindrical in most other animals, in the 
mucous membrane x)f the lips and tongue, and 
in the epineurium of nerve-trunks. They are 
also found in the genital organs of both sexes, 
the penis in the male and the clitoris in the 
female ; in these situations they have a mul- 
berry-like appearance, from })eijig constricted 
by connective tissue septa into from two to 
six knob-like masses, and have received the 
name of geniial corpuscles. Very similar cor- 
puscles are found in the epineurium of nerve- 
trunks. In the synovial membranes of certain 
joints (e.g. lliosfi of th(‘. fingers), roundi'.d or 
oval end- bulbs have betm found ; these are 
designated articular cnd-bulbs. 

Tactile corpuscles have been described by 
Grand ry as occurring iii the papillae of the 
beak and tongue of birds, and by Merkel as 
occurring in the papilla) and epithelium of the skin of man and animals, especially 
in those parts of the skin devoid of hair. Each consists of a capsule composed 
of a very delicate, nucleated membrane, and contains two or more granular, some- 
what flattened cells ; between these cells the inedullated nervo-libre, which enters 
the capsule by piercing its investing membrane, is supposed to end. 

The tactile corpuscles (fig. 65), described by Wagner and Meissner, are oval- 
shaped bodies, made up of connective 
tissue. Each is enveloped by a capsule, 
and imperfect membranous septa dt*rive(I 
from this penetrate the interior. The 
axis cylinder of the inedullated fibre 
passes througli the capsule, and having 
entered the corpuscle terminates in a 
small globular or pyriform enlargement, 
near the inner surface of the capsule. 

These tactile corpuscles have been de- 
scribed as occurring in the papilla) of the 
corium of the hand and foot, the front of 
the forearm, the skin of the lips, the 
mucous membrane of the tip of the 
tongue, the palpebral conjunctiva, and 
the skin of the nipple. They arc not found 
in all the papillae ; but from their exist- 
ence ill tliose parts in which the skin is 
highly sensitive, it is probable that they 
are specially concerned in the sense of 
touch, th&ugh their absence from the 
papilhe of other tactile parts shows that 
they are not essential to this sense. 

Uufliiii has described a special variety of nerve-ending in tlie sub- 
cutaneous tissue of the human finger (fig. 66). These are iisually known as 
Rujflnfs endings. They arc principally situated at the junction of the corium 
with the subcutaneous tissue ; they are oval in shape, and consist of strong 
connective tissue sheaths, inside which the nerve-fibres divide ^into numerous 
branches, which show varicosities and end in small free knobs. They resemble the 
organs of Golgi. 


Fig. 65. — Papilla of the hand, treated 
with acetic acid. Magnified 350 times. 



A. SMc viow ol iipiqiillu. of tlio hainl. a. Cortifal layor. 
b. Tactilfi cor])uw‘le, with traimvcrHe niiclfi. c. Small 
iiorvu of the papilla, with ueurilomnia. (/. lt>» two 
iicrvunLS flhn's ruJiiiiiiK with Hpiral coila round Iho 
tactile c^r])iiHcU\ f. A])pareiit tcrmiriutlou of one of 
thcae Jihres. 13. A tactile papilla .seen from above ho 
as to show its transverse section, a. Cortical layer. 
h. l^erve-flbre. c. Outer layer of the tactile body, 
with nuclei, d. Clear interior substance. 
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Tka Paeinian corpuscles * (fig. 67) are found in the human subject lyinfi 
chiefly in the subcutaneous tissue on the nerves of the palm of the hand and 

Fics. 66. — Nerve-ending of Buflini. 

(After A. HuIHni, ‘ Aicb. ital. dc Biol.,’ Turin, t. xxi. 1894.) 
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sole of the fool and in the genital orgiinn of both sexes; but th(\y have also boon 
(leseribed as connected with the nerves of the joints, and in some other situations, as 
in the mesentery of the cat and along the 

tibia of the rabbit. PhicJi of these corpuscles 67. — Biieinian corpuscle, with 

is attached to and encloses the terminiition system of capsules and central 

of a single nerve- libre. The corpuscle, which cavjiy. 

is ])erfectly visible to the naked eye (and ^ 

w'hich can be most easily doraonstrated in 

the nn'sontery of a cat), consists of a number 

of himellaj or capsules arranged more or less 

concentrically around a centi’al clea-r space, IllljlJf (jjlW BlMSm 

in W'hich the nerve-fibre is contained. Each li lljl IIU jlv|M 

lamella is composed of bundles of fine con- I Ijl Ilf MU |!|y|M 

ncctive tissue fibres, and is lined on its inner //// f [/ illrlml if, 

surface by a single layer of flattened epi- I ' I ll If W 111 111 li llli lllU 

thelioid cells. The central clear space, wdiich |i rl 'lllllW I I 

is elongated or cylindrical in shape, is- filled [ I 11' 1 iV' P 1 | ''1 

with a transparent material, in the middle \ 111 Wvllllllm I I 

of which is Iho single medulla ted fibre, which UmW 1 11 

traverses the space to near its distal ex- 

tremity. Here it terminates in a rounded 

knob or end, sometimes bifurcating pi’e- 

viously, in wliich Ccase each branch has a I 

similar arrajigcraent. Todd and How man 

have described minute artoiics as entemig 

by the sides of the nerves and forming 

capillary loops in the bitercapsular spaces, Ifmint 

and even penetrating into the central S])ace. 

Other authors describe the artery as enter- 
ing the corpuscle at the pole opposite to the 
nerve-fibre. 

Herbst has described a nerve-ending 
somewhat similar to the Pacinian corpuscle, a. ArU n.ii twU:, oiuimwin p,i|>iiLiri‘s, win.h 
iis being found in f.lie mucous !iieinbra.ne of t’iuI 

the tongue of the duck, and in some other lUirons ii^sm* of iin- htaik proimiL'tii iroin Uio 

Tf hfiwi.v^iT flw. iH'uriU'iimia. //. N«‘rv'e-Uibp ii(l\ to lln- 

SlrlldtlonS. It ClllielS, 110W(/VCr, Iioin tlJt^ rcijlr.a p.tpsuU’, there loshi!' whitu n\atler. 

Pacinian corpuscle, in being smaller, its uiui MtriJh-hiiicj fUoii;?tiie as is t«i the opposite 

1 II • eiul, wJiere it IS Ii\od l)y ii tiibcrculiiled eiilurf^c- 

capsulc thinner and more closely appro xi- meiiL 

mated, and especially in the fact that the 

axis cylinder in the central clear sjtnce is coated with a continuous row of nuclei. 
These bodies arti knowji.as the corpuschs of I lerhst. 


a. ArhTi.d twU:, endni« in e.i|nlldri|‘s, wliirh 
looph in some of the intcn ipinliir .spares, and 
<mr peiM'liMles to tlie rrnlt.d rait.sulr. h. ’I’lir 
lilii'ons iKsiir of iiir stalk proloiiL'rd Ironi tiir 
nrurilenmia. //. .Nerve-tui^r ad varicin?,' to iIh* 
renlral e.tpsiile, there loshi!' its whitr, matter, 
jiiut strijlchnic,' aloii;? tlir a ms to tlie oiiftosite 
end, wJiere it is fl\od hy a tiibcrcuiiited eiilarf,m- 
menl. 


continuous row of nuclei. 


♦ Oi'tcii called in German aiiatumiciil works ‘corpuscles of Vator.’ 
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N mro4endinou8 ajdndles, — Tho nerves suppl 3 dng tendons have -special modifi- 
cations of the terminal fibres, especially numerous at the point where the 
tendon is becoming muscular. The tendon bundles become enlarged, and the 
nerve-fibres — one, two, or more in number — ^penetrate between the fasciculi of 
tho^ tendon and spread out betMToen the fibres to end in irregular discs or 
varicosities. A spindle-shaped body is thus formed, composed of tendon 
bundles and nerve-fibres ; it is known as the organ of Golgi (fig. 68). 

Neuro-muscular spinUles . — In the majority of voluntary muscles there have 
been found special end-organs consisting of small bundles of peculiar muscular 

Fio. 68. — Organ of Golgi (neuro-tendinous spindle) from the human tendo Achillis. 

(After Oiaccio.) 



fibres (intrafusal fibres), embryonic in type, invested by capsules, within which 
nerve-fibres, experimentally shown to bo sensory in origin, terminate. These 
neuro-muscular spindles vary in length from to j[ of an inch and have a distinctly 
fusiform* appearance. The large medullated nerve-fibres passing to the end-organ 
are from one to three or four in number ; entering tlie fibrous capsule, th<^y divide 
several times, and, losing their medullary sheaths, ultimately end in nalfcd axis 
cylinders encircling the intrafusal fibres by flattened expansions, or irregular ovoid or 
round(^d discs (fig. 69). Neuro-muscular spindles have not yet boon demonstrated 
in the tongue or eye muscles. 


Fig. 69. — ^Middle third of a terminal plaque in the muscle spindle of an 
adult cat. (After Ruffini.) 



In tho organs of special sense the nerves appear to terminate in cells which 
belong to the epithelial class, and liave received the name of sensory or nerve- 
e/pithelium cells. This is not, however, tho real state of the case ; the nerve- 
fibre is in reality a process from the epithelial cell, and terminates by branch- 
ing around a ganglion-cell. The stimulus carried by it is continued onwards by 
an axis cylinder, derived from the ganglion, to the brain. These nerve-epithelium 
cells must therefore be regarded as modified forms of nerve-cells. They will be 
more* particularly described in the chapter on the organs of special sense. 
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Kotor nervoB can be traced into either unstriped or striped muscular fibres. 
In the unstriped or inwJunta/ry muscles the nerves are derived from the sym- 
pathetic, and are comj^sed mainly of the non-medullated fibres. Near their 
terminations they divide into numerous branches, whioh communicate and form 
intimate plexuses. At the junctions of the branches small triangular nuclear bodies 
(ganglion-cells) are situated. From these plexuses minute branches are given 
ofi, which divide and break up into the ultimate fibrillae of which the nerves 
are composed. These fibrilla) course between the involuntary muscle-cells, and, 
according to Elischcr, terminate on the surfaces of the cells, opposite the nuclei, in 
minute swellings. Arnold and Frankenhauser believed that these ultimate fibrillee 
penetrated the muscular cells, and ended in the nuclei. More recent observation • 
has, however, tended to disprove this. 

In the striped or volurdary muscle^ the nerves suppl3dng the muscular fibres 
are derived from the cerebro-spinal nerves, and are composed mainly of medullated 
fibres. The nerve, after entering the sheath of the muscle, breaks up into fibres, 
or bundles ol fibres, which form plexuses, and gradually divide until, as a rule, 
a single nerve-fibre enters a single muscular fibre*. Sometimes, however, if the 
muscular fibre be long, more than one nerve-fibio enters it. Within the muscular 
fibre the nerve terminates in a special expansion, called by Kiihne, who first 
accurately described it, a motor end-pUU (fig. 70).* The nerve-fibie, on approaching 


Fio. 70. — ^Muscular fibres of LactrUi 'irtiHs with the terminations of neivos. 



a Spin in profilo P r. -file nerve cnO-j)liiU% s h The base of the plate, conswtiiuof a ffranular miaj with niicloi. 
b llip s uno us bocn in looking at ti perfe e tl y fresh fibre, the ncrvr)us on bt mg prob ibi v still o\oit iblo. (1 he forms 
of till vunouslv diviilPil plate cun hardly be icprosonted m a hoikIciiI bv sulhcicntlv delicate and pale contours to 
rei)ro(luee correctly what ib soon iii nature.) c TIic fiino .is seen two houn> after death from poisoning by curare. 


the muscular fibre, suddenly loses its medullary sheath, the neurilemma becomes 
continuous with the sarcolomma of the muscle, and only the axis cylinder enters 
the muscular fibre. There it at once spreads out, ramifying like tlie roots of 
a tree, immediately beneath the sarcoleinma, and becomes imbedded in a layer 
of granular matter, containing a number of clear, oblong nuclei, the whole 
constituting an end-plate from which the contractile wave of the muscular fibre is 
said to start. 

Ganglia are small aggregations of nerve-cells. They arc found on the posterior 
roots of the spinal nerves ; on the postenor or sensory root of the fifth cranial 
nerve ; on the facial and auditory nerves ; on the glosso-pharyngoal and pneumo- 
gastric nerves. They are also found in a connected series along cither side of the 
vertebral column, forming the trunk of the sympatlietic ; and on the <)ranches of 
sympathetic nerves, generally in the plexuses or at the points of junction of two or 
more nerves with each other or with branches of the ccrebro-spinal system. On 
section they are^seen to consist of a reddish-grey substance, traversed by numerous 
white nerve-fibres ; they vary considerably in form and size ; the largest are 
foimd in the cavity of the abdomen ; the smallest, not visible to the naked eye, 
exist in considerable numbers upon the nerves distributed to the different viscera. 

* I’hey had, however, previously been noticed, though nut aceuraMy desciibiHl, hy Duyi'ie, 
who named them ‘ nerve-hillocka ’ 
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Bach ganglion is invested by a §ijiiooth and firm, closely adhering, membranous 
envelope, consisting of dense areolar tissue ; this sheath is continuous with the 
peri/ieurium of the nerves, and sends numerous processes into the interior to 
support the blood-vessela supplying the substance of the ganglion. 

In structure all ganglia are essentially similar (fig. 71), consisting of the 
same structural elements — viz. nerve-cells and nerve-fibres. Bach nerve-cell 

has a nucleated sheath which is 
Fig. 71. — Section of a^sympathctic ganglion. continuous vdth the sheath of 

the nerve-fibre with which the 
cell is connected. The nerve- 
cells in the ganglia of the spinal 
nerves lire pyriform in shape, 
and have only single processes. 
A short distance from the cell 
and while still within the gan- 
glion this process divides in a 
T -shaped manner, one limb of the 
cross-bar turning into the spinal 
cord, the other limb passing 
outwards to the periphery. In 
the sympathetic ganglia (fig. 71) 
the ncrve-c(‘lls arc multipolar 
and each has one axis-cylinder 
})rocess and several dendrons ; 
the axon emerges from the gan- 
glion as a non-mcdullatcd nerve- 
filmi. Similar cells are found in 
the ganglia connected with the fifth cranial nerve, and these ganglia are therefore 
regarded by sonic as the cranial portions of the sympathetic system. The spinal 
and sympathetic ganglia dilTer somewhat in the size and disposition of tlui c*ells and 
in the number of ncrve-fibr(*s entering and leaving tlnmi. In the spinal ganglia 
(fig. 72) the norv(;-c(ills are much larger and for the niost part collected in groups 
near tlie poriiihery, while the fibres, which are mostly medullated, traverse the 
ccmtral portion ol the ganglion ; whereas, in the symf>iithetic ganglia (fig. 71) the 

Fjg. 72. — Longitudinal section of a jmrt of a j) 08 torior root ganglion. 




(Mills ar(i smalhii* and distributed in irregular groups throughout the whohi ganglion ; 
the fibres also are irregularly scattered; some of the entoTing ones are mcidullatcd, 
while many of those leaving the ganglion are non-inednllated. i 

NoAiron theory, — Tt was formerly believed that the various cells of the nervous system 
wore anatomically in continuity by means of their processes. Jn 1891 Waldcyer opposed 
this view, and formulat(id the doctrine that ejich nervo-coll and its processes (neuron) was 
an indoyiendent morjihological unit, and that no continuity of the processes of one neuron 
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with those of another kieuron eidiit^ although the close relationdiip of the& processes 
permitted physiological functional continuity. With improved methods of staining and 
impregnation of nerve-cells and their processes, the neuron theory has gained ground and 
is now accepted by the majority of anatomists. On the other hand, it is maintained by 
Be the, Apathy and others that the nervous system is mad^ up of a network of neuro- 
fibriliie which is continuous throughout the whole nervous system, is not confined to the 
neurons, and can give rise to new axons independent of nerve-cells. 


THE VASCULAR SYSTEM 


Fia. 73. — Transverse section through a 
small artery and vein of the mucous 
meiri>)rano of the^ epiglottis of a child. 
Magnified about 350 diameters. (Klein 
and Noble Smith.) 


The Vascular system, exclusive of its central organ the heart, is divided into 
four classes of vessels : the arteries, capillaries, vesins, and lymphatics. The 
niinute structure of these vessels will be briefly described berc, the reader being 
referred to the body of the \vork for the details of their ordinary anatomy. 

Structure of arteries (fig. 73).— The arteries are composed of three coats: 
internal or endothelial coat {tunica intima of Kollikor) ; middle muscular coat 
{tunica tnedia) ; and external connective tissue c^at {tunica adventitia). The 
two inner coats together are very easily separated fiom the external^ as hy the 
ordinary operation of tying a ligature 
round an artery. If a fine string bo tie d 
forcibly upon an artery and then taken off, 
the external coat will be found undivided 
but the two inner coats are divided in the 
track of the ligature and can easily be 
furthcir dissected from th(j outer coat. 

The inner coat {tunica intima) can be 
s(»pa rated from the middle by a little 
maceration, or it may be stripj)ed off 
in small picices ; but, on account of its 
friability, it cannot bo separated as a 
coin])l(‘t(i menibrane. It is a fine, trans- 
parent, colourless structure which is highly 
elastic, and is commonly eorrugat(id 
inlo longitudinal wrinkles. The inner 
coat consists of : (J) A layer of pavement 
endothelium, the cells of which arc poly- 
gonal, oval, or fusiform, and have very 
distinct round or oval nuclei. 1’his endo- 
thelium is brought into view most dis- 
linetly by staining with nitrate of silver. 

(2) A sub-endothelial layer, consisting of 
delicate coiiiioctivo tissue with branched 
colls lying in the interspaces of the tissue ; 
in artoiics of Je.ss than a twelfth of an 
ijich in (iiamoter tlic siib-ciidothelial layer 
consists of a single stratum of stellate*, 
cells, and the connective tissue is only 
largely dovcl()i)ed in vessels of a consideu*- 
able size. (3) An clastic or fenestrated 
lav(*r, which consists of a membrane con- 
taining a network of clastic fibres, having 
principally a longitudinal direction, and 
in winch, under the microscope, small 
elongated apertures or perforations may 
be seen, giving it a fenestrated ai)p(iar- 
ance. It was therefore called by Henlo 
^nfeneMrated membrane. This membrane 
forms the chief thickness of the inner coat, and can be separated into several 
layers, some of which present the appearance of a network of longitudinal elastic 
fibres, and others present a more membranous character, marked by pale lines 
having a longitudinal direction. The fenestrated membrane in microscopic arteries 
is a very thiii layer ; but in the larger arteries, and especially in the aorta, it has 
a very considerable thickness. 



rollte Mpi'fiir \<‘ry lUirk. riuimu'iitli Mii‘ I'liilotluliiim 
is tin* uav.v cluBtic ijiliniii. 'I'lic rliic'l purl of tlic Vwill 
of lUi* v«‘S.sol is occui)ieii hy tlin firrular iimsc'lr- 
Coal m : the alaa-sliaptMl miclci of tlic iniisc‘lc-(‘''lls 
arc well seen. Oiitsjilc thii is «, part ol tin ailvcn- 
titia. Tlub IS coiiii»osptl of hi'.iullcs of iiicctivc 
tissue fibres, shown in section, w illi the luielei of the 
connective tissue coriniseles. 'Phe adventitia erradu- 
ally UKTiji'S into the surrounding connective tiasue. 
V. ’ Vein sliow'iiiR a thin endothelial membrane, r, 
raised acciilcntiilly from the ini ima, w Inch on account 
of its delicacy is sWi as a mere line on the incMlia m. 
'I’liis Intt^T is comi>o.scd of a lew- Ariilar unstrijieii 
musele-eells. «. 'J'hc adventitia, similar in struc- 
ture to that of an artery . 
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The middle coat {tunica media) is distinguished from the inner by its colour 
and by the transverse arrangement of its fibres. In the smaller arteries it consists 
princi 2 )ally of plain muscle<fibres in fine bundles, arranged in lamellsB and disposed 
circularly around the vessel. These lamellse vary in number according to the size 
of the vessel ; the smallest arteries having only a single layer, and those slightly 
larger three or four layers. It is to this coat that the great thickness of the walls 
of the artery is mainly due (fig. 73, a, m). In the larger vessels, as the iliac, 
femoral, ana carotid, elp^stic fibres unite to form lamellie which alternate with the 
layers of muscular fibres ; these lamellao are united to one another by elastic fibres 
wliich pass between the muscular bundles, and are connected with the fenestrated 
membrane of the inner coat (fig. 75). In the largest arteries, as the aorta and 
innominate, the amount of elastic tissue is very considerable; in these vessels 
a few bundles of white connective tissue also have been found in the middle coat. 
The muscle-fibre cells are about of an inch in length and contain well-marked, 
rod-shaped nuclei, which are often slightly curved. 

The external coat (tunica adventitia) consists mainly of fine and closely felted 
bundles of white connective tissue, but also contains elastic fibres in all but the 

smallest arteries. The 
elastic tissue is much more 
abundant next the tunica 
media, and it is sometimes 
described as forming here, 
between the adventitia and 
media, a special layer, the 
tunica elastica externa of 
Henle. This layer is most 
marked in arteries of 
medium size. In the 
largest vessels the external 
(;oat is relatively thin ; but 
in small arteries it is 
of greater proportionate 
thickness. In the smaller 
arteries it consists of a 
single layer of white con- 
nective tissue and elastic 
fibres ; while in the smallest 
arteries, just above the 
capillaries, the elastic fibres 
are wanting, and the con- 
nective tissue of which the 
coat is composed becomes 
more nearly homogeneous 
the nearer it approaches 
the capillaries, and is 
gradually reduced to a thin membranous envelope, which finally disappears. 

Some arteries have extremely thin coats in proportion to their size ; this is 
especially the case in those situated in the cavity of the cranium and vertebral 
canal, the difference depending on the tliinness of the external and middle coats. 

The arteries, in their distribution throughout the body, are included in thin 
fibro-areolar investments, which form their sheaths. In the limbs the sheath 
is usually formed by a prolongation of the deep fascia ; in the upper part of 
the thigh it consists of a continuation downwards of the transversalis and iliac 
fasciae of the abdomen ; in the neck, of a prolongation of the deep cervical fascia. 
The included vessel is loosely connected with its sheath by delicate areolar tissue ; 
and the sheath usually encloses the accompanying veins, and sometimes a nerve. 
Home arteries, as those in the cranium, are not included in sheaths. 

All the larger arteries, like the other organs of the body, are supplied with 
blood-vessels. These nutrient vessels, called the vasa vasorum, arise from a 
branch of the artery or from a neighbouring vessel, at some considerable distance 
from the point at which they are distributed ; they ramify in the loose areolar 
tissue connecting the artery with its sheath, and are distributed to the external 
coat, but do not, in man, penetrate the other coats ; in some of the larger 


Fio. 74. — Longitudinal section of artery and vein. 



All artery from the mcbciitery of u ohild, •0(52*, and vein •OVtT' in 
diameter, treated with tieetie a<*i»l and magnilied 3r»0 times, a. Tnniea 
adventitia, with eiongated nuelei. p. Nuclei of the contractile llbrc-celis 
of the tunica media, seen partly from Uie surface, partly apparent In 
transverse section, y. Nuclei of the cndotlielial cells. 6. Jillastic longi- 
tudinal fibrous coat. 
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mammals a few vessels have been traced into the middle coat. Minute veins 
serve to return the blood from these vessels; they empty themselves into the 
vein or veins accompanying the artery. Ljrmphatic vessels are also present in the 
outer coat. • 

Arteries are also supplied with nerves, which are derived from the S3rmpathetic, 
but may pass through the cerebro-spinal nerves. They form intricate plexuses 
upon the surfaces of the larger trunks, and run along the smaller arteries ^ single 
filaments, or bundles of filaments which twist around tlw vessel and unite with 
each other in a plexiform manner. The branches derived from these plexuses 
penetrate the external coat and are distributed principally to the^muscular tispe ^ 
of the middle coat, and thus regulate, by causing the contraction and relaxation 
of this tissue, the amount of blood sent to any part. 

The capillaries. — The smaller arterial branches (excepting those of the 
cavernous structure of the sexual organs, of the spleen, and of the placenta) 


Fig. 76. — Section of a medium-sized artery. (After Griinstein.) 
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terminate in networks of vessels which pervade nearly every tissue of the body. 
These vessels, from their minute size, are termed Ccipillaries. They are interposed 
between the smallest branches of the arteries and the commencing veins, consti- 
tuting a network, the branches of which maintain the same diameter throughout ; 
the meshes of the network are more uniform in shape and size than those formed 
by the anastomoses of the small arteries and veins. 

The diameters of the capillaries vary in the different tissues of the^body, the 
usual size being about The smallest are those of the brain and 

the mucous membrane of the intestines ; and the largest those of the skin and the 
marrow of bone, where they are stated to be as large as j yVo of inch in diameter. 
The form of the capillary net varies in the different" tissues, the meshes being 
generally rounded or elongated. 

The roun^form of mesh is most common, and prevails where there is a dense 
network, as in the lungs, in most glands and mucous membranes, and in the cutis ; 
the meshes are not of an absolutely circular outline, but more or less angular, 
sometimes nearly quadrangular, or polygonal, or more often irregular. 
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Elongat.ed meshiis SiXQ oh^ovveA iiitlic muscles and nerves, the meshes resembling 
parallelograms in form, the loiig axis of the mesh running parallel mth the long 
axis of the nerve or muscle. Sometimes the capillaries have a looped arrangement ; 
a single vessel projectin^f from the common network and returning after forming 
one or more loops, as in the papilla3 of the tongue and skin. 

The number of the capillaries and the size of tlic meshes detennine the degree 
of vascularity of a part. The closest network and the smallest interspaces are 
found in the lungs and? in the choroid coat of the eye. In these situations the 
interspaces are smaller than the capillary vessels themselves. In the kidney, in 
the conjunctiva, and in the cutis, the interspaces are from three to four times as 
large as the capillaries which form them ; and in the brain from eight to ten times 
as large as the capillaries in their long diameters, and from four to six times as large 
in their transverse diameters. In the adventitia of arteries the width of the meshes 
is ten times that of the capillary vessels. As a general rule, the more active the 
f unci ion of the organ, tln^ closer is its capillary net and the larger its supply of 
blood ; the meshes of the iietwork arc very narrow in all growing parts, in the 


Fig. 76. — Capillaries from 
the mesentory of a guinea- 
pig after treatment with 
solution of nitrate of silver. 
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glands, and in the mucous 
membranes ; wider in bones 
and ligaments, which are 
com 2 )aratively inactive ; 
and nearly altogether ab- 
sent in tendons, in which 


77. — ^Finest \Tssels on the arterial side. From 
the human brain. Magnified 300 limes. 
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very little organic changt* occurs after thei foniiatioii. In the liver the capillaries 
take a more or less radial (course, towards the intralobular vein, and artj believed 


by some authorities to open freely into the substance of the liver, although Tiot to 


such a degree as in the spleen. 

Strucinre. — The wall of a capillary consists of a fine transparent cndothtdial 
layer, com^josed of cells joined edge to edge by an interstitial cement-substance, 
and continuous with the endothelial cells which line the arteries and veins. When 


stained with nitrate of silver the edges vrhich bound the epithelial cells are brought 
into view (fig. 76). These cells are of large size and of an irregular polygonal or 
lanceolate shape, each containing an oval nucleus which may be brought into view 
by carmine or hsomatoxylin. Between their edges, at various points of their meeting, 
roundish dark spots are sometimes seen, which have been described as stomata, 
though they are closed by intercellular substance. They have been believed to 
be the situations through which the colourless corpuscles of the blood, when 
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^migrating from the blood-vessels, emerge ; but this view, though probable, is not 
univcrsaUy accepted. 

Kolossow describes these cells as having a rather more complex -structure. 
He states that each consists of two parts: of hyaline groutid-plates, and of a proto- 
plasmic granular part, in which is imbedded the nucleus, on the outside of the 
ground-plates. The hyaline internal coat of the capillaries does not form a 
complete membrane, but consists of ‘ plates ’ which are inelastic, and though in 
contact with each other arc not continuous ; when therefore the capillaries are 
subjected to intravascular pressure, the plates become separated from each 
other ; the protoplasmic portions of the cells, on the other hand, are united 
together. 

In many situations a delicate sheath or envelope of branched nucleated 
connective tissue cells is found around the simple capillary tube, particularly 
in the larger ones ; and in other places, especially in tlie glands, the capillaries 
are invested with retiform connective tissue. 

Fio. 78. — Section of a mcdiuni-sftod vein. 



In the largest cajjillaries (which ought, perhaps, to be described rather as the 
smallest arteries or pi e- capillaries) there is, outside the epitlndial layer, a musculo r 
layer consisting of contractile fibre-c.ells arranged transversely, as in the tunica 
media of the arteries (fig. 77). 

Structure of veins. — The veins, like the arteries, are composed of three coats — 
internal, middle, and external ; and these coats are, with the necessary modifica- 
tions, analogous to the coats of the arteries ; the internal being the (j^idothelial, 
the middle the muscular, and the external the connective or areolar (fig. 78). The 
main difference between the veins and the arteries is in the comparative weakness 
of the middle coat in the former. 

In the sinallcst veins the three coats are hardly to be distinguished.* The 
endotheUum is supported on a membrane separable into two layers, the outer 
of which is the thicker, and consists of a delicate, nucleated membrane (adven- 
titia), while the inner is composed of a network of longitudinal elastic fibres 
(media). In the veins next above these in size (one-sixtieth of an inch in 
diameter), according to Kfilliker a connective tissue layer containing iinnierons 
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mtiscle-fihres circularly disposed can .be traced, forming the middle coat, while 
the clastic and connective tissue elements of the outer coat become more dfib-/ 
tinctly perceptible. In the middle-sized veins the typical structure of these vessels 
becomes clear. The endbthclium is of the same character as in the arteries, but 
its cells are more oval and less fusiform. It is supported by a connective tissue 
layer, consisting of a delicate network of branched cells, and external to this is 
a layer of elastic fibres disposed in the form of a network in place of the definite 
fenestrated membrane ©een in arteries. This constitutes the internal coat. The 
middle (ioat is composed of a thick layer of connective tissue with elastic fibres, 
intermixed, in some veins, with a transverse layer of muscular tissue. The white 
fibrous element is in considerable excess, and the elastic fibres are in much smaller 
proportion in the veins than in the arteries. The outer coat consists, as in the 
arteries, of areolar tissue, with longitudinal elastic fibres. In the largest veins the 
outer coat is from two to five times thicker than the middle coat, and contains a 
large^ number of longitudinal muscular fibres. These are most distinct in the 
inferior vena cava, especially^at the termination of this vein in the heart, in the 
trunks of the hepatic veins, m all the large trunks of the portal vein, and in the 
external iliac, renal, and azygos veins. In the renal and portal veins they extend 
through the whole thickness of the outer coat, but in the other veins mentioned 
a layer of connective and elastic tissue is found external to the muscular fibres. All 
the large veins which open into the heart are covered for a short .^listance 
with a layer of striped muscnlar tissue continued on to them from the heart. 
Muscular tissue is wanting — (1) in the veins of the maternal part of the placenta ; 
(2) in the venous sinuses of the dura mater and the veins of the pia mater of the 
brain and spinal cord ; (3) in the veins of the retina ; (4) in the veins of the can- 
cellous tissue of bones ; (5) in the venous spaces of the corpora cavernosa. The 
veins of the above-mentioned parts consist of an internal endothelial lining 
supported on one or more layers of areolar tissue. 

Most veins are provided with valves which serve to prevent the reflux of the 
Vdood. . Each valve is formed by a reduplication of the inner coal, 8trengther»ed 
by connective tissue and elastic fibres, and is covered on both surfaces with endo- 
thelium, the arrangement of which differs on the two surfaces. On the surface 
of the valve next the wall of the vein, the cells arc arranged transversely ; while 
on the other surface, oyer which the currejit of blood flows, the cells are arranged 
longitudinally in the direction of the current. Most commonly two such valves 
arc found placed opposite one another, more especially in the smaller veins or 
in the larger trunks at the point where they are joined by smaller branches ; 
occasionally there are three and sometimes only one. The valves are semilunar. 
They are attached by their convex edges to the wall of the vein ; the concave 
margins are free, directed in the course of the venous current, and lie in close 
apposition with the wall of the vein as long as the current of blood takes its 
natural course ; if, 'however, any regurgitation takes place, the valves become 
distended, their opposed edges arc brought into contact, and the current is 
interrupted. The wall of the vein on the cardiac side of the point of attach- 
ment of each valve is expanded into a pouch or sinus, which gives to the vessel, 
when injected or distended with blood , a knotted appearance. The valves are very 
numerous in the veins of the extremities, especially of the lower extremities ; 
these vessels having to conduct the blood against the force of gravity. They are 
absent in the very small veins, i.e. those less than ,V> of an inch in diameter, also 
in the vena^ cavpn, the hepatic veins, portal vein and most of its branches, the 
renal, uterine, and ovarian veins. A few valves are found in each spermatic vein, 
and one also at its point of junction with the renal vein or inferior vena cava 
respectively. The cerebral and spinal veins, the veins of the cancellated tissue 
of bone, <»he pulmonary veins, and the umbilical vein and its branches, are also 
destitute of valves. Valves are occasionally found, few in number, in the azygos 
and intercostal veins. 

The veins, like the arteries, arc supplied with nutrient vessels, vaaa msorum. 
Nerves also are distributed to them in the same manner as to the arteries, but 
in much less abundance. 

Structure of lymphatics. — The lymphatic vessels, including in this term the 
lacteal vessels which are identical in structure with them, are composed of three 
cc)ats. The internal is an endothelial and elastic coat. It is thin, transparent, slightly 
elastic, and ruptures sooner than the other coats. It is composed of a layer of 
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Fig. 79. — Pseudostomata of 
serous membranes. 
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^elongated endothelial cells with serrated margins, by which the adjacent oells are 
dovetailed into one another. These are support^ on an elastic membrane. The 
middle coat is composed of smooth muscular and fine elastic fibres, disposed in a 
transverse direction. The external coat consists of coiuiflctive tissue, intermixed 
with smooth muscular fibres longitudinally or obliquely disposed. It forms a 
protective covering to the other coats, and serves to connect the vessel with the 
neighbouring structures. The above description applies only to the larger 
lymphatics ; in the smaller vessels there is no muscular wr elastic coat, and the 
wall consists only of a connective tissue coat, lined by endothelium. The thoracic 
duct has a more complex structure than the other lymphatics ; it presents a dis- 
tinct sub-endothelial layer of branched corpuscles, similar to that found in the 
arteries, and in the middle coat is a layer of connective tissue with its fibres 
arranged longitudinally. The lymphatics are supplied by nutrient vessels, which 
are distributed to their outer and middle coats ; and here also have been traced 
many non-medullated nerve-fibres in the form of a fine plexus of fibrils. 

The lymphatics are very generally provided 
with valves, which assist materially in effecting 
the circulation of the fluid they contain. These 
valviis are formed of thin layers of fibrous tissue, 
lined on both surfaces by endothelium, which 
presents^ir the same arrangement upon the tw^o 
surfaces as was described in connection w^lth the 
valves of veins. In form they are semilunar ; 
they arc attached by their convex edges to the 
sides of the vessel, the concave edges being free 
and directed along the course of the contained 
current. Usually two such valves, of equal size, 
are found opposite one another ; but occasionally 
exceptions occur, especially at or near the anas- 
tomoses of lymphatic vessels. Thus, one valve 
may Ixj of very rudimentary size and the other 
increased in proportion. 

The valves in the lymphatic vessels are placed 
at much shorter intervals than in the veins. They 
are most numerous near the lymphatic glands, 

Sind ar(i found more frequently in the lymphatics 
of the neck and uppe.r extremity than in those of 
the lower extremity. The wall of a lymphatic 
immediately above the point of attachment of 
each segment of a valve is expanded into a pouch 
or sinus, which gives to these vessels, when dis- 
tended, the knotted or beaded appearance which 
they present. Valves are wanting in the vessels 
conjp(»Hing the plexiform network in which the 
lymphatics usually originate on the surface of 
the body. 

Origin of lymphatics.— The finest lymphatic 
vessels (lymphatic capillaries) form a plexiform 
network in the tissues and organs, and their walls 
consist of a single layer of endothelial plates, wdth more or less sinuous margins ; 
the vessels of the lymphatic system therefore form a scries of closed tubes similar 
to those of the blood vascular system. The lymphatic vessels for the most part 
accompany the arteries or veins throughout the body ; sometimes a minute 
artery may be seen to be ensheathed for a certain distance by a lymphatic capillary 
vessel, which is often many times wider than a blood capillary. These are known 
as perivascular lymphatics. 

Terminations of lymphatics. — The lymphatics, including the lacteals, discharge 
their contents into the veins at two points : namely, at the angles of jutiction 
of the subclavian and internal jugular veins— on the left side by means of 
the thoracic duct, and on the right side by the right lymphatic duct. (See 
description of lymphatics.) 

Lymphatic glands (lymph gUmd^s) arc small oval or bean-shaped bodies, situated 
in the course of lymphatic and lacteal vessels so that the lymph and chyle pass 
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througli .them on jtheir way to the blood. Each generally presents on one side a 
slight depression — the hilus — through which the bloodvessels enter and leave 
the interior. The efferent lymphatic vessel also emerges from the gland at this spot, 
while the afferent vessels* enter the organ at differ ent parts of the periphery. On 
section (fig. 80), a lymphatic gland displays two different structures : an external, 
of lighter colour — the cortical ; and an internal, darker — the medullary. The cor- 
tical structure does not form a complete investment, but is deficient at the hilum, 
where the medullary poS?tion reaches the surface of the gland ; so that the efferent 
vessel is derived directly from the medullary structure, while the afferent vessels 
empty themselves into the cortical substance. 

A lymphatic gland consists of (1) a fibrous envelope, or capsule, from which a 
framework of processes (trabeculw) proceeds inwards, imperfectly dividing the 
gland into open spaces freely communicating with each other ; (2) a quantity of 
lymphoid tissue occupying these spaces without completely filling them ; (3) a 
free supply of blood-vessels, which arc supported on the trabeculae ; and (4) the 
ajjerent and efferent vessels. The nerves passing into the liilus are few in number 
and are chiefly distributed to the blood-vessels supplying the gland. 

Fio. 80 . — Section of a lymphatic gland. 




The capsule is composed of connective tissue with some plain muscle- fibres, 
and from its internal surface are given off a number of membranous processes or 
trubecuLe, consisting, in man, of comiectivo tissue, with a small admixture of 
plain muscle- fibres ; but in many of the lower animals composed almost entirely 
of involuntary muscle. They pass inwards, radiating towards the cenfcn* of the 
gland, for a certain distance —that is to say, for about one-third or one-fourth of 
the s])ace bctwi'cii the circumference and the centre of the gland. In some animals 
they are suflici(*ntly well marked to apparently divide the peripheral or cortical 
portion of the gland into a number of compartments (so-called follicles), but in 
mail this arrangement is not obvious. The larger trabccuhe springing from the 
c.apsule break up into finer bands, and these interlace to form a meshwork in the 
central or medullary portion of the gland. In these spaces formed by the inter- 
lacing trabecula) (fig. 81) is contained the proper gland-substanco or lymphoid 
tissue. The gland-pulp does not, however, completely fill the spaces, but leaves, 
between its outer margin and the enclosing trabccuhn, a channel or space of uniform 
width throughout. This is termed the lyrmph-path or liftn/ph- sinus (fig. 83). Running 
across it are a number of finer trabecuhn of retiform connective tissue, the fibres 
of which are, for the most part, covered by ramifying cells. 
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P L On account of the peciUiar arrangement of the feamework of the organ, the 
gland-pulp in the cortical portion is disposed in tho form of nodules, and in th'e 
niedul&.ry part in the form of rounded coids. It consists of ordinary lymphoid 


Fkj. 81. — Follic le tiom a lymphatic gland of th(‘ 
dog, in vertical section. 
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•Fkj. 82. — From tho medullary 
sub&laiico of an inguinal gland 
oft lie ox. (After His.) 
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Fn . 8J — Section of lymphatic gl.ind tissue. 
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The afferent vessds, as above stated, enter at all parts of the periphery of the 
gland, aad after branching and forming a dense plexus in the substance of the 
capsule open into the lymph -sinuses of the cortical part. In doing this they lose 
all their coats except thbir endothelial lining, which is continuous with a layer 
of similar cells lining the lymph-paths. In like manner the efferent vessel com- 
menceil from the lymph-sinuses of the medullary portion. The stream of lymph 
carried to the gland by the afierent vessel thus passes through the plexus in the 
capside to the lymph-paths of the cortical portion, where it is exposed to the 
action of the gland-pmp ; flowing through these it enters the paths or sinuses 
of the medullary portion, and finally emerges from the hilus by means of the 
efferent vcsscL The stream of lymph in its passage threiugh the lymph-sinuses 
is much retarded by the presence of the reticulum, hence morphological elements, 
either normal or morbid, are easily arrested and deposited in the sinuses. This 
is a matter of considerable importance in connection with the subject of poisoned 
wounds and the absorption of the poison by the lymphatic system, since the 
causative micro-organisms of ^ the infective processes carried along the lymphatic 
vessels may be arrested in the lym})h-sinuses of the gland- tissue, and thus be 
prevented from entering tlic general circulation. Many lymph-corpuscles pass 
with the efferent lymph-stream to join the general blood -stream. The arteri<*s of 
the gland enter at the hilus, and either go at once to the gland-pulp, to break up 
into a capillary plexus, or else run along the trabecula', partly to supply them 
and partly running across the lymph-paths, to assist in forming the capillary plexus 
of the gland-pulp. This plexus traverses the lymphoid tissue, but does not enter 
into the lymph-sinuses. From it the veins commence and emeige from the organ 
at the sauK' place as that at which the arteries entc'r. 


THE SKIN AND ITS APPENDAGES 

The skin (fig. 84) is the principal seat of the sense of touch, and may be 
regarded as a covering for the protection of the deeper tissues ; it plays an important 
part ill the regulation of the body temperature, and has also limited excretory and 
absorbing powers. It consists principally of a layer of vascular connective tissue, 
named the dermis, corium, or cutis vera, and an external covering of epithelium, 
termed the epidermis or cuticle. On the surface of the former layer are the sensitive 
papilhr \ and \\ithin, or imbedded beneath it, are certain organs with special 
functions : namel 3 ^ the swmi-qlands, hair-follicles, and sebaceous glands. 

The epidermis or cuticle (scarf-sTcin) is non-vaseular, and consists of stratified 
epithelium (fig. 85). It is accurately moujded on the papillary layer of the dermis. 
It forms a defcuisive covering to the surface of the true skin, and limits the eva- 
poration of watery vapour from its free surface. It varies in thickness in different 
parts. In some situations, as in the palms of tlie hands and soles of the feet, it is 
thick, hard, and horny in texture. This may be in a measure due to the fact that 
these paits are exposed to intermittent pressure, but that this«is not the only 
cause is proved by the fact tliat the condition exists to a very considerable extent 
at birth. Tin* more superficial layers of cells, calh'd the horny layer {stratum 
conieum), may be separated by maceration from a deeper stratum, which is 
calh'd the refe mucosum or stratum Malpighii, and which consists of several layers 
ol differently shaped cells. The tree surface of the epidermis is marked by a net- 
work of linear furrows of variable size, marking out the surface into a number of 
s])aces of polygonal or lozenge-shaped form. Some of these furrows are large, as 
o])posite the flexures of the joints, and correspond to the folds in the dermis 
produced by movements. In other situations, as upon the back of the hand, 
they are exceedingly fine, and intersect one another at various angles. Upon the 
palmar surface of the hand and fingers, and upon the sole of the foot, these lines 
are very ilistinct, and are disposed in curves ; they depend upon the large size 
and peculiar arrangements of the papilla) upon which the epidermis is placed. 
In ('ach individual the lines on the tips of the fingers form distinct patterns unlike 
those of any other person. A metliod of dctei mining the identity of a criminal 
is based on this fact, impressions (‘ finger-prints ’) of these lines being made on 
paper covered with soot, or on white paper after first covering the fingers with ink. 
The deep surface of the epidermis is accurately moulded upon the papillary layer 
of the dermis, each papilla being capped by its epidermic sheath ; so that when 
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Rft epidermis is removed by maceration, it presents on its und^ surface a niimber 
m pits or depressions corresponding to the papUlse, and ridges corr^ponding 
to the intervals between them. Fine tubular prolongations are continued from 
this layer into the ducts of the sudoriferous and sebaceous glands. 

In structure, the epidermis consists of several layers of epithelial cells, 
agglutinated together and having a laminated arrangement. These several* layers 
may be described as composed of four diflercnt strata from within outwards : 
(1) the stratum Malpighii^ composed of several layers of d^ithelial cells; those of 
the deepest layer are columntir in shape and placed perpendicularly on the surface of 
the conum, the lower ends of the cells being denticulated, to fit into corresponding 
denticulations of the true skin ; this deepest layer is sometimes termed the basilar 

Fig. 84. — A diagrammatic sectional view of the skin (magnified). 
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layer or stratum germinativum ; the succeeding strata consist of cells of a more 
rounded or polyhedral form, the contents of which are soft, opaque, granular, and 
soluble in acetic acid. They are often marked on their surfaces with ridges and 
furrows, and are covered with numerous fibrils which connect the surfaces of the 
cells : these are known as prickle-cells (see page 15). They contain numerous epidermic 
fibrils, which are stained violet with haematoxylin and red with carmine, and form 
threads of union connec/ting adjacent cells. Between the cells are fine intercellular 
clefts which serve for the passage of lymph and in which lymph-corpuscles or 
pigmcnt-CTanules may be found. (2) Immediately superficial to these are two 
or three layers of flattened, spindle-shaped cells, the stratum granulo&um, which 
contain granules that are deeply stained by hromatoxylin ; the granules consist 
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of a material named eleidin, an intermediate substance in the formation of 
keratin. They are supposed to be cells in a transitional stage between the proto- 
plasmic cells of the stratum Malpighii and the homy cells of the supcrdcial layers. 
(3) Above this layer, th^ cells become indistinct, and appear in sections to form 
a homogeneous or dimly striated membrane, composed of closely packed scales 
in which traces of flattened nuclei may be found. It is called the stratum 
lucidum. (4) The surface layer consists of many lamellce of horny epithelial scales 
in which no nuclei are iiscernible, forming the stratum corneum. These cells are 
unaffected by acetic acid, the protoplasm having become changed into horny 
material or kerettin. According to Ranvier they contain granules of a material 
which has the characters of beeswax. 

The deepest layer of the stratum Malpighii is separated from the papillae by 
an apparentJy homogeneous basement membrane, which is most distinctly brought 
into view in specimens prepared with chloride of gold. This, according to Klein, 
is merely the deepest portion of the epithelium, and is ‘ made up of the basis of 
the individual cells, which hav^ undergone a chemical and morphological alteration.’ 
The black colour of the skin in the negro, and the tawny colour among some of the 

Fio. 85. — Section of epidermis. (Ranvier.) 



white races, is due to the presence of pigment in the cells of the cuticle. This 
pigment is more especially distinct in the cells of the deeper layer, or stratum 
Malpighii, and is similar to that found in the cells of the pigmentary layer of the* 
retina. As the cells approach the surface and desiccate, the colour becomes 
partially lost ; the disappearance of the pigment from the superficial layers of 
the epidermis is, however, difficult to explain. 

The dermis, corium, or cutis vera is tough, flexible, and highly clastic, in ordtu* 
to defend the parts beneath from violence. 

It varfts in thickness, from a forty-eighth to an eighth of an inch, in different 
parts of the body. Thus it is very tliick in the palms of the hands and soles of the 
feet ; thicker on the posterior aspect of the body than on the front, and on the 
outer than on the inner sides of the limbs. In the eyelids, scrotum, and penis it is 
exceedingly thin and delicate. The skin generally is thicker in the male than in 
the female, and in the adult than in the child. 

The corium consists of felted connective tissue, with a varying amount of 
elastic fibres and numerous blood-vessels, lymphatics, and nerves. The fibro- 
areolar tissue forms the framework of the cutis, and is differently arranged in 
different parts, so that it is usual to describe it as consisting of two layers : the 
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deeper or reticular layer, and the euperficial or fO/piUa/ry layer. Unstriped 
muscular fibres are found in the superficial layers of the coiium, wherever hairs 
are present ; and in the subcutaneous areolar tissue of the scrotum, penis, labia 
majora, and nipples. In the nipples the fibres are dftposed in bands, closely 
reticulated and arranged in supenmposed laminee. 

The reticular layer consists of strong interlacing fibrous bands, composed 
chiefly of the white variety of fibrous tissue, but also containing some fibres of 
yellow elastic tissue, which vary in number in different^ parts ; and connective 
tissue corpuscles, which are often to be found flattened against the white fibrous 
tissue bundles. Towards the attached surface the fasciculi are large and coarse, , 
and the areolae which are left by their interlacement are large, and occupied by 
adipose tissue and sweat-glands. Below this the elements of the skin become 
gradually blended with the subcutaneous areolar tissue, which, except in a few 
situations, contains fat. Towards the free surface the fasciculi are much fine]-, 
and their mode of interlacing close and intricate. 

The papillary layer is situated upon the free surface of the reticular layer ; it 
consists of numerous small, highly sensitive, and vascular eminences, the papilla, 
which rise perpendicularly from its surface. The papillHB are minute conical 
eminences, having round or blunted extremities, occasionally divided into two or 
more parts, and are received into corresponding pits on the under surface of the 
cuticle. Their average length is about , of an inch, and the diameter of the 
base ijlft of an inch. On the general su/face of the body, more especially in 
those parts which are endowed with slight sensibility, they are few in number, 
short, exceedingly minute, and irregularly scattered over the surface ; but in some 
situations, as upon the palmar surface of tlie hands and fingers, upon the plantar 
surface of the feet and toes, and around the nipple, they are long, of large size, 
closely aggregated together, and arranged in parallel curved lines, forming the 
elevated ridges seen on the free surface of the epidermis. Each ridge contains 
two row^s of papillfc, and between the two rows the ducts of the sweat-glands pass 
outwards to open on the summit of the ridge. In structure each papilla .consists 
of very small and closely interlacing bundles of finely fibrillated tissue, with a 
few elastic fibres ; within this tissue is a capillary loop, and in some papilla), 
especially in the palms of the hands and the fingers, there are tactile corpuscles. 

The arteries supplying the skin form a network in the subcutaneous tissue, 
from which branches are given off to supply the sweat-glands, the hair-follicles, 
and the fat. Other branches are given off which constitute a plexus immediately 
beneath the corium ; from this, fine capillary vessels pass into the papilla), forming, 
in the smaller ones, a single capillary loop, but in the larger, a more or less con- 
voluted vessel. There are numerous lymphatics supplied, to the skin, w'hich form 
two networks, superficial and deep, communicating with each other and witli 
those of the subcutaneous tissue by oblique branches. 

The nerves of the skin terminate partly in the epidermis and partly in the 
cutis vera. The former are prolonged into the epidermis from a dense plexus in 
the superficial layer of the corium and terminate between the cells in bulbous 
extremities ; or, according to some observers, in cup-shaped endings iji which are 
lodged certain of the deeper cells of the Malpighian layer, termed tactile cells ; 
these are especially well seen in the skin covering the pig’s snout. The latter 
terminate in end-bulbs, touch-corpuscles, or Pacinian bodies, in the manner already 
described ; and, in addition to these, a considerable number of fibrils are distributeii 
to the hair-follicles, which are said to entwine the follicle in a circular manner. 
Other nerve-fibres are supplied to the plain muscular fibres of the hair-follicles 
(arrectores pilorum) and to the muscular coats of the blood-vessels. These are 
probably uon-medullated fibres. 

The appendages of the skin are the nails, the hairs, and the sialoriferous 
and sebaceous glands with their ducts. 

The nails and hairs are peculiar modifications of the epidermis, consisting 
essentially of the same cellular structure as that tissue. 

The nails (fig. 86) are flattened, elastic structures of a horny texture, placed 
upon the dorsal surfaces of the terminal phalanges of the fingers and toCs. 
Bach nail is convex on its outer surface, concave within, and is implanted by a 
portion, called the rooty into a groove in the skin ; the exposed portion is called 
the hody^ and the distal extremity the free edge. The naif is firmly adherent to 
the dermis, being accurately moulded upon its surface, like the epidermis in other 
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E arts* The part beneath the body and root of the nail is called the 
ecause from it the nail is produced. Corresponding to the body of the nail, the 
matrix is thick, and raised into a series of longitudinal ridges which are very 
vascular, and the colour* is seen through the transparent tissue. Behind this, 
near the root of the nail, there are papillsD which are small, less vascular, and 
have no regular arrangement, and here the tissue of the nail is somewhat more 
opaque ; hence this portion is of a whiter colour, and is called the lunula on 
account of its shape. ^ 

The cuticle as it passes forwards on the dorsal surface of the finger or toe is 
attached to the surface of the nail a little in advance of its root ; at the extremity 
of the finger it is connected with the under surface of the nail a little behind its 
free edge. The cuticle and horny substance of the nail (both epidermic structures) 
are thus directly continuous with each other. The nails consist of a greatly 
thickened stratum lucidum, the stratum corneum forming merely the thin cuticular 
fold (eponychium) which overlaps the lunula. The cells have a laminated arrange- 
ment, and are essentially similar to those composing the epidermis. The cells of 
the deepest layer, which lie in contact with the papillae of the matrix, are columnar 
in form and arranged perpendicularly to the surface ; those which succeed them 
are of a rounded Or polygonal form, the more superficial ones becoming broad, 
thin, and flattened, and so closely packed as to make the limits of each cell very 
indistinct. It is by the successive growth of new cells at the root and under 
surface of the body of the nail that it advances forwards and maintains a due 
thickness, while, at the same time, the growth of the nail in the proper direction 
is secured. As these cells in their turn become displaced by the growth of new 

Fia. 86. — Ijongitudinal section through human nail and its nail groove (sulcus). 
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ones, they assume a flattened form, and finally become compacted together into a 
firm, dense, horny texture. In chemical composiiion the nails resemble the upper 
layers of the epidermis. According to Mulder, they contain a somewhat larger 
proportion of carbon and sulphur. 

The hairs are peculiar modifications of the epidermis, and consist essentially 
of the same structure as that membrane. They are found on nearly every part of 
the surface of the body, excepting the palms of the hands, soles of the feet, and 
the glans penis. They vary much in length, thickness, and colour in different ptarts 
of the body and in different races of mankind. In some parts, as in the skin of 
the eyelids, they are so short as not to project beyond the follicles containing 
them ; in others, as upon the scalp, they are of considerable length ; again, in 
other parts, as the eyelashes, the hairs of the pubic region, and the whiskers and 
beard, they are remarkable for their thickness. Straight hairs are stronger than 
curly hairs, and present on transverse section a cylindrical or oval outline ; curly 
hairs, on flie other hand, are flattened. 

A hair consists of a roo/, the part implanted in the skin ; a Bhaft or the 
portion projecting from the surface ; and a point. 

The- root of the hair presents at its extremity a b\ilbous enlargenaent, wliich is 
whiter in colour and softer in texture than the shaft, and is lo^ed in a folUcular 
involution of the epidermis called the hair-follicle (fig. 87). When the hair is of 
considerable length the follicle extends into the subcutaneous cellular tissue. The 
hair-follicle commences on the surface of the skin with a funnel-shaped opening, 
and passes inwards in an oblique or curved direction — the latter in curly hairs — 
to become dilated at its deep extremity, where it corresponds with the bulbous 
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enlargement of the hair which it contains. Opening into it, near its free 
extremity, are the ducts of one or more sebaceous glands. At the bottom 
of each hair-follicle is a small conical, vascular eminence or papilla, similar in' 
every respect to those found upon the surface of the skih ; it is continuous with 
the dermic layer of the follicle, is highly vascular, and probably supplied with 
nerve-fibrils. In structure the hair-follicle consists of two coats— an outer or 
dmniCy and an inner or epidermic. 

The outer or dermic coat is formed mainly of fibrous tissue ; it is continuous 
with the corium, is highly vascular, and supplied by numerous minute nervous 
filaments. It consists of three layers (fig. 88). The most internal, next the 
cuticular lining of the follicle, consists of a hyaline basement membrane having 
a glassy, transparent appearance, which is well marked in the larger hair-follicles, 

Fiq. 87. — Section of skin, showing the epidermis and dermis : a hair in its follicle ; 
the arrector pili muscle : sebaceous glands. 



but is not very distinct in the follicles of minute hairs. It is continuous with the 
basement membrane of the surface of the corium. External to this is a compact 
layer of fibres and spindle-shaped colls arranged circularly around the folhcle. 
This layer extends from the bottom of the follicle as high as the entrance of the 
ducts of the sebaceous glands. Externally is a thick layer of connective tissue, 
arranged in longitudinal bundles, forming a more open texture and corresponding 
to the reticular part of the corium. In this are contained the blood-vessels and 
nerves. 

The inner or epidermic layer is closely adherent to the root of the hair, so that 
when the hair is plucked from its follicle this layer most commonly adheres to it 
and forms what is called the root-sheath. It consists of two strata named respec- 
tively the outer and inner root-sheaths ; the former of these corresponds with the 



of the epidermis, and ieseinbles it in the tounded form and soft 

Oharadter of its cells ; at the bottom of the hair-follicle these cells become con- 
tinuous \dth those of the root of the hair. The inner root-sheath consists of: (1) a 
delicate cuticle next the Hair, composed of a thin layer of imbricated scales having 
a downward direction, so that they fit accurately over the upwardly directed 
imbricated scales of the hair itself ; (2) one or two layers of horny, flattened, 
nucleated cells, known as Iluxley^s layer ; and (3) a single layer of homy oblong 
cells without visible nuclei, called Henle^s h/ycr, ^ 

The hair-follicle contains the root of the hair, which terminates in a bulbous 
extremity, and is excavated so as to fit exactly the papilla from which it grows. 
The bulb is composed of polyhedral epithelial cells, winch as they pass upwards 
into the root of the hair become elongated and spindle-shaped, except some in 
the centre which remain polyhedral. Home of these latter cells contain pigment 
granules which give rise to the colour of the hair. It occasionally happens that 
these pigment granules completely fill the cells in the centre of the bulb ; this 

^ gives rise to the dark tract 

Fro. 88. — ^Transverse section of hair-follicle. pigment often foimd, of 

greater or less lengtii, in the 
axis of the hair. 

The shaft of the hair con- 
sists of a central pith or 
medulla, an intermediate 
fibrous part, and the cuticle 
externally. The wediiUa occ u- 
pies the centre of the sliait 
and ceases towards the point 
of the hair. It is usually 
wanting in the fine hairs 
covering the surface of the 
body, and commonly in those 
of the head. It is more 
opaque and detjper coloured 
when viewed by transmitted 
light than the fibrous part ; 
but w^hen viewed by reflected 
light it is wliite. It is com- 
posed of rows of pulyh(*dral 
cells, which contain granules 
of eleidin and frequently 
air-spaces. The fibrous por- 
tion of the hair constitutes 
the chief part of the shaft ; 
its cells are elongated and 
unite to lorm flattened fusi- 
form fibres. Between the 
fibres are fomid minute 
spaces which contaiiL pigment 
granules in dark hair, and 
minute air-spaces in white hair. In addition there is also a diffused pigment 
contained in the fibres. The cells which form the hair-cuHcle consist of a 
single layer wliieli surrounds those of the fibrous part ; they are converted 
into thin, flat scales having an imbricated arrangement. 

Connected with the hair-follicles are minute bundles of involuntary muscular 
fibres, tcrfiied the arreclores piloruni. They arise from the superficial layer of the 
(‘oriiim, and are inserted into a thickened portion of the outer surface of the hair- 
follicle, below the entrance of the duct of the sebaceous gland. They are placed 
on the side towards which the hair slopes, and by their action elevate the hair 
(fig. 87).* The Bobaooous gland is situated in the angle which the arrector 
muscle forms with the superficial portion of tlitf hair-follicle, and contraction of 



Henle'b lay*‘r — * 


Ouln or 
dermic coai 


* Arthur Thomson suggest** t)iat the contraction of these muscles on follicles which contain 
weak, flat hairs will tend to produce a ])crraanent curve in the follicle, and this cuivc will be 
imjffcssed on the hair which is moulded within it, so that the hair, on emerging through the 

skin, will be curled. Cuived hair-follicles arc characteristic of the scalp of the Bushman. 
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the muscle thus tends to squeeae tin sebaoeous secretion eat from Hift 
the gland. 

Bebaoeoui glandB are small, sacoulatcd, glandulai: organs, lodjged in the 
substance of the corium. They are found in most parts <S the skin, but are 
especially abundant in the scalp and face ; they are also very numerous around the 
apertures of the anus, nose, mouth, and external ear, but are wanting in the palms 
of the hands and soles of the feet. Each gland consists of a single duct, more or 
less capacious, which emerges from a cluster of small socretaug pouches or saccules. 
The sacculi connected with each duct vary, as a rule, in nuinber from two to five, 
but in some instances may be as many as twenty. Each saccule is composed of 
iX transparent, colourless membrane, enclosing a number of epithelial cells. Those 
of the outer or marginal layer arc small and polyhedral, and are continuous with 
the lining cells of the duct. The remainder of the sac is filled with larger cells, 
containing tat, except in the centre, where the cells have become broken up, leaving 
a cavity filled with their debris and a mass of fatty matter, which constitutes 
the sebficeous secretion. The ducts open most frequently into the hair- 
iolljclcs, but occasionally upon the general surface, as in the labia minora and the 
licc margin of the lips. On the nose and face the glands are of large size, distinctly 
lobulated, and often become' much enlarged from the accumulation ot pent-up 
secretion. The largest sebaceous 
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89. — Coiled tube of a s^veat-gland cut 
in various directions. 
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^oblt SmiUi s ‘ Atlaa of llmtolo^v ') 


glands are those found in the 
hds — the Meibomian glands. 

The sudoriferous or sweat glands 
.ire the organs bv wliich water and 
traces of organic m. it crial arc excreted 
by the skin. They arc found in almost 
every part of this structine, and arc 
situated in small pits oii the under 
surface of th(' corium, or, more tre- 
tiuentlv, in tin* subcutaneous areolai 
tissue, surrounded by a quantity ot 
adipose tissue. They are small, lobular, 
i eddish bodies, consisting of a single 
convoluted tube, fiom which the 
cllerent duct proceeds ujiwards 
through the corium and ciitich', 
becomes somewhat dilated at its 
extremity, and opens on the surface 
of the cuticle bv an oblique valve-like 
aperture. The duct, as it passes 
ihiough the epidermis, presents a 
spiral arrangement, being twisted like 
a ^1 kscrow in those paits whci’c the epidermis is thick ; where, how ever, the 
cpide ’rnis is thin, the spiral arrangement does not exist ; the spiral course 
ducts is jiarticularly distinct in the thick cuticle of the palms of 
the hands and soh's of the foot. In the superficial layers of the cojium the 
duct IS straight, but in the deeper layers it is convoluted or even twisted. 
The size ol the glands varies. They are especially largo in those regions where 
the anaount of perspiration is great, as in the axillae, where they form a thin, 
mammillated layer of a redfiish colour, which corresponds exactly to the situation 
of th(' hair in this region ; they are large also in the groin. Their number 
varies. They are most numerous on the palms ot the hands, presenting, according 
to Krause, 2,800 orifices on a square inch ol the integument, and are rather less 
numerous on the soles of the feet ; in both of those situations the orifices of the 
ducts arc exceedingly regular, and open on the curved ridges. In other situa- 
tions the glands are more irregularly scattered, but the number in a given extent 
of surface presents a fairly uniform average. In the neck and back tliey aie least 
numerous, their number amounting to 417 on the square inch (Krause). Their 
total number is estimated by thi> same writer at 2,381,248, and he calculates that 
the whole of these glands would present an evaporating surface of about eight 
square inches. Each gland consists of a single tube intricately convoluted, 
termiiiating at one end^by a blind extremity, and opening at the other end upon 
the surface of the skin. The wall ol the duct is thick, the lumen seldom 
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exceeding^*6ri|^lliiird cll the diameter of the tubes. The tube, both in the gland 
and where it forms the excretory duct, consists of two layers — an outer, formed 
by fine areolar tissue; and an inner layer of epithelium (fig. 89). The external 
coat is thin, continuous with the superficial layer of the corium, and extends only 
as high as the surface of the true skin. The epithelial lining in the distal part 
of the coiled tube of the gland proper consists of a single layer of cubical 
epithelium, supported on a basement membrane, and beneath it, between the 
epithelium and the fi^ro-cellular coat, a layer of longitudinally or obliquely 
arranged fibres, composed of involuntary muscle, the contractidtt of which aids the 
expulsion of the sweat. In the duct and the proximal part of the coiled tube of 
the gland proper there are two or more layers of polyhedral cells, lined on the 
internal surface, i.e. next the lumen of the tube, by a delicate membrane or cuticle, 
and on the outer surface by a limiting membrana propria, but there are no muscular 
fibres. The epithelium is continuous with the epidermis and with the delicate 
internal cuticle of the epidermic portion of the tube. When the cuticle is care- 
fully removed from the surface of the cutis, these convoluted tubes of epithelium 
may be drawn out in the forni of slioi*t, thread-like processes on its under surface. 

The contents of the smaller sweat-glands are quite fluid ; but in the larger 
glands the contents are semi-fluid and opaque, and contain a numb^^ of coloured 
granules and cells which appear analogous to epithelial cells. 

SEROUS MEMBRANES 

The serous membranes form shut sacs, the walls of which are normally in con- , 
tact so that the enclosed cavity is merely a potential oiui. The sac consists of 
one portion which is applied to the walls of the cavity which it lines — the jmrielal 
portion ; and another reflected over the surface of the organ or organs contained in 
the cavity — the wsceroZ portion. Sometimes the sac is arranged quite simply, as 
is the tunica vaginalis testis ; at others with numerous involutions or recesses, 

as in the peritoneum, in which, 
Fig. 90. — Part of the peritoneal surface of the central nevcrthel(‘ss, the membrjme 
tendon of the diaphragm of a rabbit, prepared with can always be traced con- 

nitratc of silver. tinuously around the whole 

circumference. The sac is 
6omplctely clos(»d, so that no 
communication exists between 
the serous cavity and the parts 
in its neighbourhood. An ex- 
ception exists in the peri- 
toneum of the female ; for the 
Fallopian tubes open freely 
into the peritoneal cavity in 
the dead subject. This com- 
munication, hoivevcr, is closed 
during life, except at the 
moment of the passage of the 
ovum out of the ovary into the 
tube, as is proved by the fact 
that no interchange of fluids 
ever takes place bctiveen the 
two cavities in dropsy of the 
peritoneum, or in accumula- 
tion of fluid in the Fallopian 

l. Lyiiipli-cliaiiiiolB. t. Tendon-bundles, a. The suppoHcd stomata, tubcS, The SerOUS membrane 
dumps of Reminatinp epithelial (From ‘ Ifandbook for the sometimes SUPPOltcd bv 

PhysioUfgiOHl Laboratory. Klein.) , f y 

a nrm, fibrous layer, as is 
the case with the pericardium, and such membranes may be spoken of as fihro- 
serous. ^ 

The various serous membranes are the peritoneum, lining the cavity of the 
abdomen ; the two pleura) and the pericardium, covering the lungs and heart 
respectively ; and the tunic® vaginales, surrounding the testicles in the scrotum. 
Serous membranes are thin, transparent, glistening sitmetures, each consisting of a 
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homogeneous basement membrane lined bn its inner suffa^ by "'a' inn^e layer of , 
polygonal or pavement endothelial cells, supported on a matrix of fibrous connective 
tissue, with networks of fine elastic fibres, in which are cbntained numerous capil- 
laries and lymphatics. On the surface of the endothelium between the cells 
numerous apertures or interruptions are to be seen. Some of these are the 
structures formerly described as stomata^ each of which is composed of cubical 
endothelium (see fig. 90) ; others {pseudostmnata) are mere interruptions in the 
endothelial layer, and arc occupied by processes of the branched connective 
tissue corpuscles of the subjacent tissue or by accumulations of the intercellular 
cement substance. 

The amount of fluid contained in these closed sacs is, in most cases, only 
sufficient to moisten the surface; when a small quantity can be collected, it is 
found to resemble lymph, and like that fluid coagulates spontaneously ; but when 
secreted in large quantities, as in dropsy, it is a more watery fluid, yet still 
contains a considerable amount of protein which is coagulated on boiling. 


SYNOVIAL MEMBRANES 

Synovial membranes, like serous membranes, arc connective tissue membranes. 
In some cases they form closed sacs (synovial sheaths and bursai) directly inter- 
posed between two movable tissues so as to 

diminish friction ; thus they may be placed Fio. 91. — ^^"illus of synovial mem- 
between a tendon and a bone where the brane. (After Hammar.) 

formei- glides over the latter, or between the 
skin and various subcutaneous bony pro- 
minences. In other cases they form incom- 
plete. linings for the capsules of movable 
joints ; in such cases a diminution of friction 
between the joint-surfaces is effected by 
the secretion poured out from the synovial 
cells. 

The synovial membranes are c.om})osed 
essentially of the typical c-onne(?tive tissue, 
cells and fibres, containing numerous vessels 
and nerves. It was formerly supposed that 
these membranes were analogous in structure 
to the serous membranes, and consisted of a 
layer of flattened cells on a basement mcm- 
biaiK'. No such continuous layer, however, 
exists., although here and there are patches 
of epithelioid cells, surrounded and held 
together by an albuminous ground substance. 

Long villus-like processes (fig. 91) are often 
found projecting from the surfaces of synovial 
membranes ; they are covered by small 
rounded cells, and are supposed to extend the 
surface for the secretion of the fluid (symmia) 
which moistens the membranes. It is a rich 
lympli, plus a mucin-like substance, and to the 
latter constituent it owes its viscidity. A further description of the synovial 
membranes will be given with the anatomy of the joints. 


MUCOUS MEMBRANES 

Mucous inenibranes line all the passages of the internal organs, and are 
continuous with the skin at the various orifices by which these passages open on 
the surface of the body. They are soft and very vascular, and the surface 
IS coated over by their secretion, mucus, which is of a tenacious consistence and 
selves to protect them from the foreign substances with which they are brought 
m contact. . j b 
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They arc described as lining the two tracts — ^the gastro-pulmonary and the 
genito-urinary ; and all, or almost all, mucous membranes may be classed as 
belonging to and continuous with the one or the other of these tracts. 

The deep surfaces of* these membranes are attached to the parts which they 
line by means of connective tissue, which is sometimes very abundant, forming 
a loose and lax bed, so as to allow considerable movement of the opposed surfaces 
on each other. This is termed the submucous tissue. In other cases such an 
intervening tissue is exceedingly scanty, and the membrane is closely connected 
to the tissue beneath ; sometimes, for example, to muscle, as in the tongue ; 
sometimes to cartilage, as in the larynx ; and sometimes to bone, as in the nasal 
fosssB and air sinuses of the skull. 

In structure a mucous membrane is composed of corium and epithelium. The 
epithelium is of various forms, including the squamous, columnar, and ciliated, 
and is often arranged in several layers. This epithelial layer is supported by the 
corium, which is analogous to the "dermis of the skin, and consists of connective 
tissue, either simply areolar, q;r containing a greater or lesser quantity of lymphoid 
tissue. The corium is usually covered on its external surface by a transparent 
basement membrane, generally composed of clear flattened cells placed edge to 
edge ; on this the epithelium rests. It is only in some situations that the basement 
membrane can be demonstrated. The cx)rium is an exceedingly vascular membrane, 
containing a dense network of capillaries, which lie immediately beneath the 
epithelium and are derived from small arteries in the submucous tissue. 

The fibro-vascular layer of the corium contains, besidi^s the areolar tissue 
and vessels, unstriped muscle-cells, which form in many situations a definite 
layer called the muscuh/ris mucosee. These are situated in the deepest part of 
the membrane, and are plentifully supplied with nerves. Other nerves pass to 
the epithelium and terminate between the cells. Lymphatic vessels are found 
in great abundance, commencing by blind extremities and communicating with 
plexuses in the submucous tissue. 

Iinbpdded in the mucous membrane are found numerous glands, and projecting 
from it are processes (villi and papillse) analogous to the papillje of the skin. These 
glands and processes, hovrever, exist only at certain parts, and it will be more 
convenient to describe them as they occur. 


SECRETING GLANDS 

The secreting glands are organs whose cells produce, by the metabolism of 
their protoplasm, certain substances, called ‘ secretions,’ of a more or less definite 
composition ; the material for the secretion being primarily selected from the 
blood. Each cell in the organism forms new products from the material supplied 
to it. Where these now substances are utilised in some of the other functions of 
the organism they may be referred to as secretions in contradistinction to substances 
which are merely effete products of protoplasmic activity and are discarded as 
excretions. The term secretion, however, is generally applied to all the products 
of glandular activity. The essential parts therefore of a secreting gland are 

(1) celU^ which have the power of extracting from the blood certain matters, 
and in most cases of converting these into new chemical compounds ; and 

(2) blood-vessels, by which the blood is brought into close relationship with these 
cells. The general arrangement in all secreting structures — that is to say, not 
only in secreting glands, but also in secreting membranes — ^is that the cells are 
arranged on one surface of an extra-vascular basement membrane, which supports 
them, while a minute pleinis of capillary vessels ramifies on the other surface 
of the me&ibrane. The cells then select from the blood certain constituents which 
pass through the membrane into them, and these they prepare and elaborate. 

By th(', various modifications of this secreting surface the different glands are 
formed. This is generally effected by an invagination of the membrane in diflerent 
ways, the object being to increase the extent of secreting surface within a given 
bulk. 

In the simplest form a single invagination takes place, constituting a simple 
gland ; this may be either in the form of an open tube (fig. 92, a), or the walls 
of the tube may be dilated so as to form a saccule (fig. 92, b). These are named 
simple tubular or saccular glands. Or, instead of a short tube, the invagination 
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may be lengthened to a considerable extent, and then coiled up to occupy less 
space. This constitutes the simple convoluted tubular gland, an example of which 
may be seen in the sweat-glands of the skin (fig. 92, c). ^ 

If, instead of a single invagination, secondary invaginations take place from 
the primary one (hg. 92, d and e), the gland is termed a compound one. 
These secondary invaginations may assume either a saccular or tubular form, and 
so constitute the two subdivisions — the compound saccula/r or racemose gland, and 
the compound tubular. The racemose gland in its simpifest form consists of a 
primary invagination which forms a sort of duct, at the extremity of which are 
found a number of secondary invaginations, called saccules or alveoli, as in Brunner’s 
glands (fig. 92, d). But, again, in other instances, the duct, instead of being simple, 
may divide into branches, and these again into other branches, and so on ; each 
ultimate ramification terminating in a dilated cluster of saccules, and thus the 
secreting surface may be almost indefinitely extended, as in the salivary glands 


Fig. 92. — ^Diagrammatic plan of the variotiel of secreting glands. 
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A. Simple gland. B. Sacculated simple gland. C. Simple convoluted tubular gland. D, E. Hacemose gland. 

F. Compound tubular gland. 


(fig. 92, e). The ducts of the glands are composed of columnar epithelial cells 
resting on a basement membrane, outside which is a greater or lesser amount of 
connective tissue, depending on the size of the duct. In some cases small bundles 
of involuntary muscle fibres are found external to the basement membrane, and 
these by their contractions help to expel the contained secretion. In thej^ompound 
tubular glands the division of the primary duct takes place in the same way as in 
the racemose glands, but the branches retain their tubular form, and do not termi- 
nate in saccular recesses, but become greatly lengthened out (fig. 92, p). The best 
example of this form of gland is to be found in the kidney. All these varieties 
of glands are produced by a more or less complicated invagination of a secreting 
membrane, and they are all identical in structure : that is to say, the saccules 
or tubes, as the case may be, are lined with cells, generally spheroidal or columnar 
in shape, and on their outer surfaces are intimate plexuses of capillary vessels. The 
secretion, whatever it may be, is eliminated by the cells from the blood, and is 
poured into the saccule or tube, and so finds its way out through the primary 
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invagination on to the free surface of the secreting membrane. In addition, 
however,, to these glands, which are formed by an invagination of the secreting 
membrane, there are some few others which are formed by a protrusion of the 
same structure, as in th^ vascular fringes of synovial membranes. This form of 
secreting structure is not nearly so frequently met with. 

There are also certain glands which are capable of internal secretion^ wherein 
are no ducts leading to any free surface, the secretion being carried either 
directly into the blood' stream, or indirectly through the medium of Ijrmphatics. 
Such are the thyroid and suprarenal glands, but modern researches have shown 
that many glands which possess obvious external secretions elaborate at the same 
time internal secretions. 



EMBEYOLOGY 


T he term Embryology, in its widest sense, is applied to the various changes 
which take place during the growth of an animal from the egg to the adult 
condition : it is, however, usually restricted to the phenomena which occur 
before birth. It may be studied from two aspects : (1) that of on^oyew, which, 
deals only with the development of the individual; and (2) thairtirp%teyeny, 
which concerns itself with the evolutionary history of the animal kingdom. 

In all vertebrate animals the development of a new being can only take place 
when a female germ-cell or omm has been fertilised by a male germ-cell or sperma- 
tozoon. The ovum is a nucleated cell, and all the complicated changes by which 
the various tissues and organs of the body arc formed from it, after it has been 
fei tiliscd, are the result of two general processes, viz. segmentation and differentiation 


Fia. 93. — Ovum of rabbit. Highly magnified. (After Waldeyer.) 



of cells. Thus, the fertilised ovum undergoes repeated segmentation into a 
number of cells which at first closely resemble one another, but are, •sooner or 
in the function of which is 

(2) germinal ceUs, which become 
imbedded in the sexual glands— the ovaries in the female arid the testes in the male 
aM are destined for the perpetuation of the species. 

to the main piupose of this work, it is impossible, in the space 
nhetinm! chapter, to describe fully, or illustrate adequately, all the 

nnenomena which occur in the difiercnt stages of the development of the human 
wL, facts only will be given— the student being referred for 

ner details to one or other of the text-books on human embryology. 
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THE OVUM 

Tlie ova are develop^ from the primitive fferm-cells which are imbedded in 
the substance of the ovaries. Each ot these cells gives rise, by repeated divisions, 
to a number of smaller cells termed oogmia from which the ova or ^imary oocytes 
are developed. 

Human ova are extremely minute, measuring about *2 mm. or 12T of an inch in 
diameter, and are encl6Bed within the egg-sacs or Graafian follicles of the ovaries.* 
By the enlargement and subsequent rupture of a Graafian follicle at the surface 
of the ovary an ovum is liberated and conveyed by the Fallopian tube or oviduct 


Fio. 94. — Human ovum examined fresh in the liquor folliouli. (Waldeyer.) 



The zona pelluclda ia seen as a tliick dear girdle surroanded by tho cells of the corona radiata. The egg itself 
shows a central granular doutoplusmic area and a peripheral clear layer, and etidoscs the germinal reside, in which is 
seen the germinal spot. 


to the cavity of the uterus. Unless it be fertilised by a spermatozoon it undergoes 
no further development and is discharged from tho uterus, but if fertilisation take 
place it is retained within the uterus and is developed into a new being. 

In appearance and structure the ovum (figs. 93, 94) differs little from an ordinary 
cell, but distinctive names have been applied to its several parts ; thus, the body 
of the cell is known as the vitellus or yolk, the nucleus as the germinal vesicle^ and 
the nucleolus as the germinal spot. The ovum is enclosed within a thick, trans- 
parent envelope, the zona pellucida or zona striata^ adhering to the outer surface 
of which are several layers of cells, derived from those of the Graafian follicle and 
collectively constituting the corona radiata, 

* See description of the ovary on a future page. 
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The vitelluB or (^) cytoplasm of the ordinary animal cell 

with its reticulum and cytolymph, the cytoplasm of the ovum being frequently 
termed the formative yolk, in order to distinguish it from (2) the ntUrittve yolk 
or deutoplasm, which consists of numerous rounded granules of fatty and albu- 
minoid substances imbedded in the cytoplasm. In the maihmalian ovum the 
nutritive yolk is extremely small in amount/ and is of service in nourishing the 
embryo iii the early stages of its development only, whereas in the egg of the bird 
there is sufficient to supply the chick with nutriment throughout the whole period 
of incubation. The nutritive yolk not only varies in amount, but in its mode of 
distribution within the egg : thus, in aobae animals it is nearly uniformly distri- 
buted throughout the cytoplasm' ; in others it is centrally placed and is surrounded 
by the cvtoplasm ; in still others it is accumulated at the lower pole of the ovum, 
while the cytoplasm occupies the upper pole. An aUraction sph^e with its centfo- 
sqmeispxQsent in the ova of the lower animals, anJliar probably represented in 'the 
ova of mammals hv This body is not visible during all the 

stages of the development of the ovum, and is ‘ most readily seen before the space 
appears in the Graafian follicle. Then the body in question lies in the immediate 
neighbourhood of the nucleus. It consists of a lighter central sphere enclosing 
one or two smaller spheres, and surrounded by a more darkly staining protoplasm.’ * 
The germinal vesicle or nucleus is a large spherical body which at first occupies 
a nearly central position, but becomes eccentric as the growth of the ovum proceeds. 
Its structure is that of an ordinary cell-nucleus, viz. it consists of a reticulum of 
achromatin the meshes of which are filled with nuclear sap or karyoplasm ; while 
coniiect(;d with, or imbedded in, the achromatic reticulum are a number of chromatin 
masses or chromosomes, which may present the appearance of a skein or may 
assume the form of rods or loops. The nucleus 'is enclosed by a delicate nuclear 
membrane, and contains in its interior a well-defined nucleolus or germinal spot. 


COVERINGS OF THE OVUM 

The zona pellucida or zona striata (figs. 93, 94) is secreted by the cells of the 
corona radiata, and consists of a thick, clear membrane, which, under the higher 
powers of tins microscope, is seen to be perforated by numerous fine radially arranged 
channels. These give to it a striated appearance, and may suffice for the passage 
of nutritive materials to the ovum ; they may also provide an entrance for the 
spermatozoa at the time of fertilisation. In some animals (e.g. insects) the zona 
pellucida presents one or more small perforations or micropyles, by which the 
spermatozoa are believed to enter. The zona pellucida persists for some time 
after fertilisation has occurred, and may serve for protection during the earlier 
stages of segmentation. 

The corona radiata (fig. 91) consists of two or three strata of cells; they are 
derived from the colls of the Graafian folffide, and adhere to the outer surface of 
the zona pellucida when the ovum is set free from the follicle. The cells arc radially 
arranged around the zona, those of the innermost layer being columnar in shape, 
and sending, according to some observers, delicate processes from their deep ends 
into the channels of the zona. The cells of the corona radiata soon disappear ; 
in some animals they secrete, or are replaced by, a layer of adhesive protein, 
whjch may assist in protecting and nourishing the ovum. 

The phenomena attending the discharge of the ova from the Graafian follicles 
belong more to the ordinary functions of the ovary than to the general subject 
of embryology, and are therefore described with the anatomy of the ovaries.^ 

MATURATION OF THE OVUM 

Before an ovum can be fertilised it must undergo a 2 )rocess of maturation or 
ripening. This takes place previous to, or immediately after, its escape from the 
Graafian follicle, and consists essentially of an unequal subdivision of the ovum 
(fig. 95) first into two and then into four cells. Three of the four are small, incapable 

* Robinson, ‘Hunterian Lectures on the Mammalian Ovum and riaccnta,' Journal of 
Anatom ff and Physiology, vol. xxxviii. 

t See description of tlie ovary on a future page. 
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of further development, and are termed poldr bodies, while the fourth is much larger, 
and constitutes the ^nature ovum. The process of maturation has not been observed 

Fig. 95.— formation of T^lar bodies in Asterias glacialis. 

(Slightly modified from Hertwig.) 


t n m 



IV V VI 


In flff. I the polar spindle («/>) has advanced to thi! surface of the csgg. In tlj?. II a small elevation (pb') is formed which 
receives half of the spindle. In fif?. ill the elevation is constricted olT, forming tlie first polar body (pb'), and a 
second spindle is formed. In fig. IV is seen a second elevation wliich in dg. V has been constricted off us the second 
polar body Out of tlie remainder of the spindle (/.;>w in flg. VI) the female pronucleus is developed. 


in the human ovum, but has been carefully studied in the ova of some of the lower 
animals, to which the following description applies. 

It was pointed out on page 5 that the number of chromosomes found in the 
nucleus is constant for all the cells in an animal of any given species. This applies 
. not only to the somatic 

Fig. 96. — Diagram showing the reduction in number of cells but to the primitive 
the chromosomes in the process of maturation of the ova and their descen- 
ovum. dants. For the sake of 



illustration a species may 
be taken in which the 
number of nuclear chro- 
mosomes is four (fig. 96). 
If an ovum from such 
be observed at the begin- 
ning of the maturation 
process it will be seen that 
the number of its chromo- 
somes is apparently re- 
duced to two. In reality, 
however, the number is 
doubled, since each chro- 
mosome consists of four 
granules grouped to form 
a tetrad. During the 
metaphase (see page 5) 
each tetrad divides into 
two dyads, which are 
equally distributed be- 
tween the nuclei of the 
two cells formed by the 
first division of the ovum. 
One of the two cells 
is almost as large as 
the original ovum, and is 


Polar hodieB 


named the secondary oocyte ; 
the other is small, and is 


termed the first polar body. The secondary oocyte now undergoes subdivision, during 
which each dyad divides and contributes a single chromosome to the nucleus of eiMjh 



81 


maturation of^ the ovum 

of the two resulting cells. This second division is also unequal, producing a large 
cell which constitutes the mature ovum, and a small cell, the second polar body. 
The first polar body frequently divides while the second is being formed, and as 
a final result four cells are produced, viz. the mature oviftn and three polar bodies, 
each of which contains two chromosomes, i.e. one half the number present in the 
nuclei of the somatic cells of raembors of the same species. , The nucleus of the 
mature ovum is termed the female pronucleus. The number of polar bodies varies 
in the ova of difierent animals ; typically three are formed, but in some animals 
there is only one, in others there are two— the last condition being probably 
explained by the fact that the first polar body has not undergone subdivision by 
the time the second is separated from the ovum. 


THE SPERMATOZOON 

The spermatozoa or male germ-cells are developed within the tubuli semiiiiferi 
of the testes. They are present in enormous numbbrs in the seminal fluid, and 
consist of small but greatly modified cells. The human spermatozoon possesses 
a head, a neck, a connecting piece or body, and a tail (fig. 97). 


Head 


Fig. 97. — Human^spermatozoon. (Diagrammatic.) 
r {t\ A’ ••Perforator 


Connecting piece 



Tail' 


End-piece} 


\) Neck 



) Head-cap 


Anterior centrosonie 
- Posterior centrosome 


Spiral thread 
Mitochon dri al shea th 

Terminal disc 
Ad'ial Jilawent 


An 0 

A. Surface view. B. Profile view. lo 0 the head, iieok, and connecting piece are highly magniflod. 

The head is oval or elliptical, but flattened, so that when viewed in profile 
It is pear-shaped. Its anterior two-thirds are covered by a layer of modified proto- 
p asm, wmch is named the ?iead-cap. This, in some animals (e.g. the salamander), is 
prolonged into a barbed spearlike process or perforators which probably facilitates 
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the entrande of the spermatozoon into the ovutn. von' Bardeleben and E. Nelson 
.have described speauke perforators as present in the human spermatozoa, 
but other observers deny their presence. Waldeyer inclines to the view that in 
man the perforator consists of the anterior sharp margin of the head-cap, and acts 
as a cutting rather than a boring apparatus. The posterior part of the head 
exhibits an affinity for certain reagents, and presents a transversely striated 
appearance, being crossed by three or four dark bands. In some animals a central 
rodliko filament extend/-) forwards for about two-thirds of the length of the head, 
while in others a rounded body is seen near its centre. The head contains a mass 
of chromatin, and is generally regarded as the nucleus of the cell surrounded by a 
thin envelope. 

The necK is less constricted in the human spermatozoon than in those of some 
of the lower animals. The anterior centrosome, represented by two or three rounded 
particles, is situated at the junction of the head and neck, and behind it is a band 
of homogeneous substance. 

The connecting piece or body is rodlike, and is limited behind by a ring or 
termiiMil disc. The 'posterior d&ntrosome is placed at the junction of the body and 
neck and, like the anterior, consists of two or three rounded particles. From this 
centrosome an axial Jtlameni, surrounded by a sheath, runs backwards through 
the body and tail. In the body the sheath of the axial filament is encircled by a 


Fio. 98. — Scheme showing analogies in the process of maturation of the ovum and 
the development of the spermatids (young spermatozoa). 
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Spiral thread, around which is an envelope of finely granular substance termed 
the mitochondrial sheath. 

The tail is of great length, and consists of the axial thread or filament, sur- 
rounded by its sheath wluch may contain a spiral thread or may present a striated 
appearance. Further, in some animals there is attached to the connecting piece 
and tail a thin undulatory membrane, along the free edge of which there is a 
marginal filament. The terminal portion of the tail is named the end-piece, and 
consists of the axial filament only. 

By virtue of their tails, which act as propellers, the spermatozoa, in the fresh 
condition, are capable of free movement, and if placed in favourable surroundings 
(e.g. in the female passages) may retain their vitality for several days. 

The spermatozoa are developed from the primitive germ-cells which have become 
imbedded in the testes, and the stages of their development are very similar to those 
of the maturation of the ovum. The primary germ-cells undergo division and produce 
a number of cells termed spermatogonia, and from these the primary spermatocytes 
are derived. Each primary spermatocyte divides into two secondary spermatocytes, 
and each secondary spermatocyte into two spermatids or young spermatozoa ; 
from this it will be seen that a primary spermatocyte gives rise to four spermatozoa. 
On comparing this process with that of the maturation of the ovum (fig. 98) it will be 
observed that the primary spermatocyte gives rise to two cells, the secondary 
spermatocytes, and the primary oocyte to two cells, the secondary oocyte and the 
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first polar body. A'gaiii, tho two socoadlEny spermatocytes by their subdivision 
give origin to tout spermatozoa, a^d the secondary oocyte and first polar body to 
four celb, the mature ovum and tliree polar l>odies. In the development of the 
spermatozoa, as in the maturation of the ovum, there is*a reduction of the nuclear 
chromosomes to one half of those present in the primary germ cells. But here 
the similarity ends, for it must be noted that the four spermatozoa are of equal 
size, and each is capable of fertilising a mature ovum, whereas the three polar bodies 
are not only very much smaUer than the mature ovum butf: are incapable of further 
development, and may be regarded as abortive ova. 


FERTILISATION OF THE OVUM 

Fertilisation consists in the union of the spermatozoon with the mature oVimi 
(fig. 99). This usually takes place in the upper part of the Fallopian tube, and 
the ovum is then conveyed to the cavity of the utqrus — a journey which probably 
occupies two or three days. Sometimes the fertnised ovum is arrested in the 
P'allopian tube and there undergoes development, giving rise to a tubal jyregnancy ; 
or it may fall into the abdominal cavity and produce an abdominal 'pregnancy. 
Occasionally the ovum is not expelled from the Graafian follicle when the latter 

Fio. 99. — ^The process of fertilisation in the ovum of a mouse. (After Sobotta. ) 







ruptures, but is fertilised within the follicle and produces what is known as an 
ovarian pregnancy. Numerous spermatozoa may pierce the zona pellucida (e.g. 
in the rabbit as many as sixty have been seen in its interior), but only one, under 
enters the vitellus and takes part in the process of fertilisation. 
At the point where the spermatozoon is about to pierce the vitellus the latter is 
drawn out into a conical elevation, termed the cone , of attraction. As soon as the 
sperrnatozoon has entered at this point the peripheral portion of the vitellus . is 
transformed Into a membrane, the vj^Mne rnem hram y which prevents the passage of 
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additi^al spennatozoa. Occasionally a second spermatozoon may enter the 
‘ vitellus, thus giving rise to a condition of polysemy : when this occurs the ovum 
usually develops in an abnormal manner and gives rise to a monstrosity. 
Having pierced the ^ntelfus, the spermatozoon loses its tail, while its head and 
connecting piece assunjie the form of a nucleus containing a cluster of chromo- 
somes. This constitutes the male pronuclef^is, and associated with it there are a 
centrosome and attraction sphere. The male pronucleus passes more deeply into 
the vitellus, and coincident with this the granules of the cytoplasm surrounding 
it become radially arranged. The male and female pronuclei migrate towards 
each other, and, meeting near tlie centre of the vitellus, fuse to form a new nucleus, 

' the seymen^ation nucleus, which therefore contains both male and female nuclear 
substance ; the former transmits the individualities of the male ancestors, the 
latter those of the female ancestors, to the future embryo. By the union of the 
male and female pronuclei the number of chromosomes is restored to that which- 
is present in the nuclei of the somatic cells. 


SEGMENTATION OF THE FERTILISED OVUM 

After it has been fertilised the ovum undergoes repeated subdivision into a 
number of small cells (figs. 1(X), 101). The segmentation nucleus exhibits the usual 
mitotic changes, and these are succeeded by a division of the ovum^nto two cells 
of nearly equal^size.* The process is repeated again and again, sojthat ^tho^two 

Fig. 100. — First stages of segmentation of a mammalian ovum : somi-diagrammatio. 

(From a drawing by Allen Thomson.) 


X <? 



z.p. Zona pclhidda. p.gl. Polar bodies, a. IVo-ccU'stage. &. Four-cell stage, c. Eight-oolljstage. 

d, e. Morula' stage. 


cells are succeeded by four, eight, sixteen, thirty-two, and so on, with the result 
that a mass of cells is found witliin the zona pellucida (which itself takes no share in 
the process, but ultimately disappears), and to tliis mass the term morula is applied. 

* In the iiiammalian ova the nutritive yolk or deutoplasm is small in amount and uniformly 
distributed throughout the cytoplasm ; .such ova undergo cowhide division during the 
process of segmentation, and are therefore tenned Iwlohlastw. In tlic ova of birds, reptiles, and 
fishes where the nutritive yolk forms by far the larger portion of the egg the cleavage is 
limited to the formative yolk, and is 1-herefore only partial ; such ova are termed nierdblastio. 
Again, it has been observed, in some of the low'cr animals, that the pronuclei do not fuse but 
merely lie in api) 08 itioii. At the commencement of the segmentation process the chromosomes 
of the two pronuclei grouij themselves around tlie equator of the nuclear spindle and then 
divide ; an equal number of male and female chromosomes travel to the opposite poles of the 
spindle, and thus the male and female pronuclei sub.scribe equal shares of chromatin to the 
nuclei of the two cells which result from the suMivision of the fertilised ovum. 



b®^ l?|i® j^RipJSED OVtIM aS 

The segmentation of <^e mammalian ovum may not take place in the regular 
sequence of two, four, eight, &c., since one of the two first-formed cells may sub- 
divide more rapidly than the other, giving rise to a Ijiree- or a five-cell stage. 


Fig. 101. — Ovum of the rabbit at the end of the process of segmentation. 



ep. Primitive ectoderm, /ty. Primitive entoderm, hp. Pliu*e*\vhere tlie ectofienn has not yet grown over the entoderm. 

(Prom Balfour, after lid. van Beneden.) 

The cells of the morula are at lirst closely aggregated inside the zona pellucida ; 
but soon they become arranged into an outer or peripheral layer, the primitive 
ectmkrm or trophpblast, which does not contribute to the formation of the embryo 

Fio. 102. — Blastodei-mic vesicle of Vespertilio mm*inus. (After von Beneden.) 
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1 JjJnfoiierm 
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proper, and an inn^ cell-WiQMS, from which the embryo is dciveloped (figs. 101, b, and 
^^jd cpnccts between the trophoblast and the greater part of the inn^ 
cell -mass, and thus the^pnila is converted into a vesicle, the I dast odermic vesicle. 

Fia. 103. — Section through embryonic area of Vespertilio murinua. (After van Beneden.) 


Inner rell-mass Truphohlast 



The inner cell-mass remains in contact, however, with the trophoblast at one pole 
of the ovum ; this is named the ^hryonic jpole, since it indicates the situation 
where the future embryo will be developed. TKb cells of the trophoblast become 
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difierentiated into two strata : an outer, termed the plasmodioblast, 

so namisd^'lSec^ of a layer of protoplasm studded with nuclei, but 

showing no evidence of subdivision into cells; and an inner layer of prismatic 
epithelium, which is named the c^oUast Q X layer of Langhans. As already stated, 
the cells /)f the trophoblast do not contribute to the formation of the embryo 
proper ; they form the ectod^m of the chorion and play an important part in the 
development of the placenta. QiiJ;}xlie;uer sprface of the inner cell-mass a layer 
of flattened cells, the enf.g^erm. i& differentiated and quickly assumes the form of a 


• Fig. 104. — Section through embryonic area of Vespertilio murinus (after van Beneden) 
to show the formation of the amniotic cavity. 



small sac, the yolk-sac. Spaces appear between the remaining cells of the mass 
(fig. 103), and by the enlargement and coalescence of these spaces a cavity, termed 
the primitive amniotic cavity (fig. 104), is gradually developed. This cavity persists 
in certain of the bats, and probably also in man and monkeys, to form the permanent 
amniotic cavity. The floor of this cavity is formed by a layer of prismatic cells, 
the eml^mnf c ^oderm, derived from the inner cell-mass and lying in apposition 
with the entoderm. The formation of the amnion will be again referred to 
(page 93). 


THE EMBRYONIC AREA 

In reptiles, birds, and mammals, only a part of the ovum is utilised in the 
development of the embryo proper, the remainder being used up in the formation 
of membranes and other appendages which are concerned with its protection and 
nutrition ; the ovum therefore may be divided into embryonic and exlra-embryorm 
areas (figs. 105, 106). If the ovum, at this stage, be viewed from the surface it will 
be seen to exhibit a (urntrally placed, circular, opaque area surrounded by a more 
transparent portion. The central opaque part is the embryonic area, and is equal 
in extent to the embryonic ectoderm already mentioned ; the peripheral clearer 
portion is the extra- embryonic area. The circumference of the embryonic region 
‘ remains as a relatively slow-growing area, while the embryonic and extra- 
embryonic portions of the wall of the ovum rapidly increase in extent. Under these 
circumstances it follows that the margin of the embryonic area will soon appear 
as a ring between the upper embryonic and the lower or extra-embryonic parts of 
the ovum, both of wliich have expanded beyond it in all directions ’ (Robinson).* 
The circumference of the embryonic area corresponds with the future umbiUcus. 

The primitive streak; lormation of the mesoderm. — The embryonic area 
becomes oval and then pear-shaped, the wider end being directed forwards. At 
the narrov;, posterior end an opaque, crescent-shaped patch makes its appearance, 
and gradually extends forwards as a dark streak, the primi tive st reak, along the middle 
line of the area for about one-half of its length (figs.TCSr^W)'. A shaUow groove, 
the primitive groove, appears on the surface of the streak, and the anterior end of 
this groove'^coThmunicates by means of an aperture, the blastopore, with the primi- 
tive alimentary canal. The primitive streak is produced by a thickening of the 
axial part of the ectoderm, the cells of w^hich multiply, grow’ downwams, and 
blend with those of the subjacent entoderm (fig. 107). From the sides of the primitive 

• ‘ The Early Stages of the Development of the Pericardium,* by Professor Arthur Bobinsoti. 
Journal of Anaimiy and Phys'iology, vol. xxxvii. 
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streak a third layer of cells, the mesoderm or mesoblast, extends outwards between 
the ectoderm and entoderm. Although the mesoderm is mai^yiJeiived from 
the primitive streak, possibly the entoderm also oontril),utes to it. 

The extension of the mesoderm takes place throughout the whole of the 
embryonic and extra-embryonic areas of the ovum, except in certain regious. One 
of these is seen immediately in front of the neural tube. Here the mesoderm extends 
forwards in the form of two crescentic masses, whicfi curve inwards and meet in 


Fia. 105. — Embryo of a 
rabbit. (After Kolliker.) 



arfl. Embryonic area. pr. Primitive 
streak. 


the middle line so as to 
enclose behind them an 
area which is devoid of 
mesoderm and is named 
the hucco’fharyngeal area, 
since it afterwards forms 
the septum between the 
primitive mouth and primi- 
tive pharynx. In front of 
thebucco-pharyngeal area, 
where the lateral crescents 
of mesoderm have fused in 


Fig. 106. — Embryonic area of the ovum of 
rabbit at the seventh day. (From Kolliker.) 



Off. Embryonic area, o, o. Rof?iou of tho blaBtodermic vesicle 
immediately surroundiug the embryonic (area. pr. Primitive 
strt'ttk. n. Neural groove between tlie neural folds. 


the middle line, the peri- 
cardium is afterwards developed, and this region is therefore designated the 
pericardial area. A second region where the mesoderm is absent, at least [for 
a time, is that immediately in front of the pericardial area. This is termed the 
pro-amnlotic area, and is the region wliere the pro-amnion is developed ; in man 
however, a pro-amnion is apparently never formed. Other regions are : a band on 
the ventral aspect of the neural tube in the site of the future vertebral column, 
and an area at the hinder end of the embryo in the position of the cloaca. 


Fig. 107. — Section across primitive streak (semi-diagrammatic). 
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The blastoderm now consists of three layers, named from without inwards, 
ectoderm, mesoderm and entoderm.. Each has distinctive characteristics and 
gives rise to certain tissues of the body. 

The ectoderm consists of columnar cells, which are, however, somewhat 
flattened or cubical towards the margin of the embryonic area. It f ftnp a the whole 
of the nervous .^j^em, the epid^Cm^ of the .akin, the lining c el^ s of the sebaceous , 
sweat and x p^u ^ m ary. gWda, the”E4ils and najjjfl, the epitMOum pf the nose and 
aoJacSit air-sinuses, and that of the cheeks and roof of the mpj^th. From it also 
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are derived the enamal of the teeth, and the anterior lob^ of the^pituitary body, 
the epithelii^fn of the cornea, conjunctiva, and laclBr^al glands, and the neuro- 
epithelium of the sense <^rgans. 

The entoderm consists at first of flattened cells, which subsequently become 
columnar. It forms the epithelial lining of the whole of the alimentary canal 
excepting part of the mouth and pharynx and the terminal part of the rectum 
(which are lined by involutions of the ectoderm), the lining cells of all the glands 

Fig. 108. — A series of transverse sections through an embryo of the dog. (After Bonnet.) 

Section I. is the most anterior. In V. the neural plate is spread out nearly flat. 

The series shows the uprising of the neural folds to form the neural canal. 




ff, aortm ; r, intermediate cell-maps ; ectoderm ; mi, entoderm ; 7<, rudiments of endothelial heart- tubes. 

In ill., JV., und V. tlic scattered cells represented between the entoderm and splanchnic layer of mesoderm arc the 
vitfo-formative cells which ^dve ori^,nTi in front, according to Jiomiet, to tlio heart-tubes A ; /.p., lateral jdah* still 
undivided in I., II., and 111. : in IN', and V. split into Humatic ivrn) and Hplanchiiic («p) Ia 3 'er 8 of mesoderm; 
mt'soderm ; p. i)ericardiuin ; «i, primitive sepment. 


which open into the alimentary canal, including those of the liver and pancreas, 
the epithelium of the Eustachian tube and tympanic cavity, of the trachea, bronchi, 
and air-cells of the lungs, of the urinary bladder and part of the urethra, and that 
which lines the follicles of the thyroid and thymus glands. 

The mesoderm consists of loosely arranged branched cells surrounded by a 
considerable amount of interc(*llular fluid. From it the remaining tissues of th(j 
body are developed. The epithelial lining of the heart and blood-vessels is, how- 
ever, regarded by some as being of entodcrmal origin. 

THE NEURAL GROOVE AND TUBE 

In Iront of the primitive streak two longitudinal ridges, caused by a looping 
or folding up of the ectoderm, make their appearance, one on either side of the 
middle line (fig. lOfl). These are named the newra/ or ; they commence 

some distance behind the anterior end of the embryonic area, where tliey are 
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continuous with each other,, and from there gradually e:rtend backwards, one on 
either side of the primitive streak. Between these folds is seen a mesial, longitu- 
dinal groove, the neural groove (figs. 108, 109), which gjadually deepens as the 
medullary folds become elevated. Ultimately the folds meet and coalesce in the 
middle line, converting the neural groove into a closed tube, the neural tube or 
canal (fig. Ill), the surrounding ectodermal wall of which forms the rudiment 
of the nervous system. By the coalescence of the medullary folds over the anterior 
end of the primitive streak , * 

Fig. 109. — ^Iluman embryo — length 2 mm. Dorsal view, 
with the amnion laid open, x 30. (After Graf Spec ; 
reconstruction. ) 
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the blastopore no longer 
opens on the surface but 
into the closed canal of 
the neural tube, and thus 
a transitory communica- 
tion, the ncurcnteric canal, 
is established between the 
neural tube and the primi- 
tive alimentary canal. The 
coalescence of the medul- 
lary folds occurs first in 
the region of the hind- 
brain, and from there ex- 
tends forwards and back- 
wards ; the hinder part of 
the neural groove presents 
for a time a rhomboidal 
shape, and to this ex- 
panded portion the term 
sinus rhomhoidalis has been 
applied (fig. 110). Before 
the neural groove is closed 
to form the neural tube a 
lidge of ectodermal cells 
appears along the promi- 
nent margin of each medul- 
lary fold ; this is termed the 
neural crest or ganglion 
fridge (lig. 150), and from it the spinal and cranial nerve ganglia and the ganglia 
of the sympathetic nervous system are developed. 

The cephalic end of tin? neural groove exhibits several dilatations, which, when 
the tube is closed, assume the form of three vesicles ; these constitute the three 
primary cerebral vesicles, and correspond respectively to the intme fore-brain, mid- 
brain, and hind-brain (fig. 110). Their walls are developed into the nervous tissue 
and neuroglia of the brain, while their cavities become modified to form its 
ventricles. The remainder of the tube forms the central canal of the spinal cord, 
wliilst from its ectodermal wall the nervous and neuroglial elements of the spinal 
cord are developed. 


Neurenteria ranal 


Primiiive streak 


Boihj-stalk 



THE NOTOCHORD 

The notochord (fig. Ill) consists of a rod of cells situated on the ventral 
aspect of the neural tube ; it constitutes the foundation of the axial 
skeleton, since around it the segments of the vertebral column are formed. Its 
appearance synchronises with that of the neural tube. On the ventral aspect 
of the neural groove an axial thickening of the entoderm takes place ; this thick- 
ening assumes the appeai’ance of a furrow — the chordal furroiv — the margins of 
which come into contact, and so convert it into a solid rod of cells — the notochord 
—which is then separated from the entoderm. It extends throughout the entire 
length of the future vertebral column, and reaches as far as the anterior end of 
the mid- brain. Its cephalic extremity lies immediately behind the pituitary 
invagination of the stomatodsoum, where it ends in a hook-like extremity in the 
region of the future dorsum selhe of the sphenoid bone. It lies at first between 
the neural tube and the entoderm of the primitive alimentary canal, but soon 
becomes separated from them by the mesoderm, which grows inwards and 
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surrounds it. From this surrounding mesoderm the vertebral column, the basi- 
occipital and basi-sphenoidal portions of the skull and the membranes of the brain 
and spinal cord are developed. 


FORMATION OF THE BODY CAVITY OR COELOM 

As the mesoderm develops between the ectoderm and entoderm it is separated 
into lateral halves by the neural tube and notochord. A longitudinal groove^ 
appears on the dorsal surface of cither half and divides it into an inner column, the 

Fig. llO.—Dhiok embryo of thirty- three hours’ incubation, viewed from the dorsal 
aspect. X 30. (From Duval’s ‘ Atlas d’Embryologie.’) 
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'paraxial mesoderm^ lyiiig on the side of the neural tube, and an outer portion, the 
lateral mesoderm, w^hich is not confined to the embryonic area but extends beyond 
it into the extra-embryonic region. The mesoderm lying in the floor of the groove 
connects the paraxial with the lateral mesoderm and is known as the intermediate 
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^•mas8 ; in it the genito-urihary organs are developed. The lateral mesoderm 
flits into two layers, an outer or somalic, which becomes applied to the inner 
Surface of the ectoderm, and with it forms the somatopleure ; and an inner or 


Fig. 111. — Section across the dorsal part of a chick embryo of 
forty-five hours* incubation. (Balfour.) 
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splanchnic^ which adheres to the entoderm, and with it forms the splanchnoplcurf 
(fig. 111). The space between the two layers of the lateral mesoderm is termed 
the body cav^ity or coelom. A portion of this apace is enclosed within the embryo and 
is named the embryonic coelom ; it forms the rudiment of the pleural, pericardial,, 
and peritoneal cavities, while the portion 

left outside the embryo, the extra- Pra. 112. — Dorsum of human embryo, 
embryonic coelom, envelops the yolk-sac. 2-11 mm. in length. (After Eternod.) 
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THE PRIMITIVE SEGMENTS OR 
PROTOVERTEBRAL SOMITES 

Towards the end of the second week 
the paraxial mesoderm becomes seg- 
mented and converted into a series of 
well-defined, more or less cubical areas, 
the primitive segments or protovcrtebral 
somites (figs. IK), 11], and 112), which 
-extt'iid from the occipital region of the 
head along the entire length of the trunk 
on cither side of the middle fine. 

They lie immediately under the 
ectoderm on the lateral aspect of the 
neural tube and notochord, and are con- 
nected to the lateral mesoderm by the 
interm-ediate cell-mass. The cells of each 
somite encircle a central cavity — the 
myoccel — which, however, soon becomes 
filled with angular and spindle-shaped 
cells. The somites of the trunk may be 
arranged in the following groups, viz. : 
cervical 8, thoracic 12, lumbar 5, sacral 5, 
and coccygeal from 5 to 8. Those of 
the occipital region of the head arc usually 

described as being four in number. In mammals primitive segments can only 
be recognised in the occipital region of the head, but a study of 1;he lower 
vertebrates leads to the belief that they are present also in the anterior part of the 
head, and that altogether nine segments are represented in the cephalic region. 
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DELIMITATION OF THE EMBRYO 

As has been pointed out, the margin of the embryonic area is of relatively 
slow growth, and thus it comes to form a ring of constriction between the embryo 
and the yolk-sac, and a part of the latter is enclosed within the embryo to form 
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tho primitive alimentary canal (fig. 114). *At the same time a part of the coelom 
is enclosed within the embryo and forms the rudiment of the pleural, pericardial, 
and peritoneal cavities. Although the embryo grows in all directions, it 
increases much more rapidly in length than in width, and its cephalic and 
caudal extremities are bent dowm wards to form the cephalic and caudal folds 
respectively (figs. 198 and 199). The pro-amniotic area, lying immediately in 
front of the pericardial area (see page 87), forms the anterior limit of the 
slow-growing embryofdc margin. The forward growth of the head therefore 
carries with it the posterior end of the pericardial area so that this area 
becomes inverted ; its posterior border becomes anterior and its dorsal surface 
ventral. When the cephalic and caudal flexures have been formed, the 
primitive alimentary canal presents the appearance of a nearly straight tube, 
closed at its two extremities. This tube is divided into three portions, viz. : (a) the 
fore-gut, between the pericardium and the notochord ; (6) the mid-gut, opening 
directly into the yolk-sac ; and (c) the hind-gut, contained within the caudal fold 
(fig. 199). The passage between the mid-gut and the yolk-sac is at first relatively 
wide, but it is gradually narrowed and at the same time lengthened to form a 
tubular duct, the vitelline duct. 


MEMBRANES AND APPENDAGES OF THE EMBRYO.* 

These are concerned with the protection and nourishment of the embryo, and 
compnsc (1) the yolk-sac, the amnion, the allantois, the chorion, and the umbilical 
cord, w^hich are of embryonic origin ; (2) the decidua, which is produced by a 
modification of the mucous membrane of the uterus ; and (3) the placenta, which 
is derived partly from embryonic and partly from maternal tissues. 

Fig. 113. — Model of human embryo 1*3 mm. long. (After Eternod.) 



The yolk-sac (figs. J13, 114, 115) is an appendage of the alimentary canal and, 
like that tube, it is lined by entoderm, outside of which is a layer of mesoderm. 
Situated on the ventral aspect of the embryo, it is at first comparatively large, and 
communicates with the mid-gut by means of a relatively wide opening. It is filled 
with fluid, the vitelline Jiuid, which possibly may be utilised for the nourishment 
of the embryo during the earlier stages of its existence. Blood is conveyed to the 

* The term embryo is often confined to a developing ovum up to the age of four months ; 
generally, however, the terms embryo and feetus are interchangeable. 
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wall of the sac by the prindtive aorta, and after circulating through a wide-meshed 
capillary plexus, termed the vaseuiar wrm, is returned by the vitelline veins to the 
tubular h^rt of the embryo. This constitutes the viteUine circulation, and by means 


Fig. 114. — Section through the embryo which is represented in fig. 109. 
(After Graf Spee.) 



of it nucritive material is absorbed from the yolk-sac and conveyed to tlui embryo. 
At the end of the fourth week the yolk-sac presents the appearance of a small 
pear-shaped vesicle opening into the alimentary canal by a long narrow tube, the 
vitelline dnet. The vesicle may be seen at birth as a small sac near the placenta, 
but the duct is soon obliterated ; its 


Fig. 115. — Human embryo from thirty-one 
to thirty-four days. (His.) 
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proximal part, however, sometimes 
persists in the adult as a diverticulum 
from the small intestine. It is known 
as MeckeJCs diverli-culum, is situated 
from two to four feet above the ileo- 
colic junction, and may be attached by 
a fibrous cord to the abdominal wall 
at the umbilicus. 

The amnion is a membranous sac 
which surrounds and protects the 
embr3'o. It is developed in reptiles, 
birds, and mammals, which are hence 
called ‘Amniota but not in amphibia 
and fishes, which are consequently 
tenned ‘ Ananinia.’ 

In reptiles, birds, and many mam- 
mals it is developed in the following 
manner. At tlie point of constriction 
where the primitive alimentary canal 
of the embryo joins the yolk-sac — 
i.e. in the region of the future umbilicus — a reflection or folding upwards of 
the somatopleure takes place. This, the amniotic fold (fig. 116 ), first makes its 
abearance at the cephalic Extremity, and subsequently at the caudal end and 
sides of the embryo, and gradually rising more and more, its different parts meet 
and fuse over the dorsal aspect of the embryo, and enclose a cavity, the amniotic 
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cavity. After the fuBion of the edges of the amniotic fold, the two layers of the 
fold become completely separated, the inner lormiiig the, amnion, the outer the 
false amnion or serosa (iig. 116). The space between the amnion and the serosa 
constitutes the extra-iombryonic coelom, already referred to, and for a time 
communicates with the embryonic coelom or primitive pleuro-peritoneal cavity. 

In the human embryo the earliest stases of the formation of the amnion have 
not been observed ; in the youngest embryo which has been studied tlie amnion 
was already present ^ a closed sac (hga. 117, 123). As indicated on page 86, the 
primitive amniotic cavity which appears in the inner cell massis probably retained 
in the human embryo, as in that of the bat, to form the permanent amniotic 
cavity. ' This cavity is roofed in by a single stratum of flattened ectodermal cells, 
the amniotic ectoderm, and its floor consists of the prismatic ectoderm of the 
embryonic disc — the continuity between the prismatic embryonic ectoderm and 
the flattened amniotic ectoderm being established at the margin of the embryonic 
area. Outside the amniotic ectoderm is a thin layer of mesoderm, which separates 
it from the chorionic ectoderm or trophoblast and is continuous with the mesoderm 
of the body-stalk and with H;he somatic mesoderm of the embryo. Mall suggests 
that the human amnion may be formed by an inversion of the blastoderm. 

Fig. 116. — ^Diagram of a transverse section, showing the mode of formation of the amnion 
in the chick. The amniotic folds have nearly united in the middle line. (From Quain’s 
‘ Anatomy,' vol. i. pt. 1, 1890.) 
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Ectodoriu, blue ; mesodorm, red ; entoderm and notodiord, black. 


When first formed the amnion is in close contact with the body of the embryo, 
but about the fourth or fifth week fluid begins to accumulate within it. This fluid 
constitutes the liquor amnii, and, increasing in quantity, causes the amnion to 
expand and ultimately to adhere to the inner surface of the chorion, so that the 
extra-embryonic part of the coelom is obliterated. The an^ion therefore covers 
the inner surface of the chorion and the foetal aspect of the placenta. The liquor 
amnii increases in quantity up to the sixth or seventh month of pregnancy, after 
which it diminishes somewhat in amount. It allows of the free movements of the 
foetus during the later stages of pregnancy^, and also protects it by diminishing 
the risl^ of injury from without. It contains less than two per cent, of solids, 
which consist of urea and other extractives, inorganic salts, a small amount of 
protein, and frequently a trace of sugar. That part of the liquor amnii is 
swallowed by the foetus is proved by the fact that epidermal debris and hairs 
have been found among the contents of the foetal alimentary canal. 

The allantois (figs. 114, 119, 120), — The allantois arises as a diverticulum from 
that part of the hind-gut which later forms the cloaca : it grows out into the 
body-stalk, a mass of mesoderm which lies below and around the tail end of the 
embryo. The diverticulum is lined by entoderm and covered by mesoderm, and 
in the latter are carried the allantoic or umbilical vessels. 
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In reptiles birds, and many mammals tbe allantois becomes expanded into a 
vesicle (ng. 199) which projects into the extra- embryonic ccelom, i.e. into the 
space between the amnion and the serosa. If its further development be traced 
in the bird, it is seen to project to the right side of the mbryo, and, gradually 
expanding, it spreads over its dorsal surface as a flattened sac between the amnion 
and the serosa, and, extending in all directions, ultimately surrounds the yolk. 
Its outer wall becomes applied to, and fuses with, the serosa, which lies immediately 
insid^e the shell membrane. Blood is carried to the allantoic sac by the two allan- 
toie dt umbilical arteries, which are continuous with the primitive aortss, and, 
-after circulating through the allantoic capillaries, is returned to the^ primitive 
heart by the two umbilical veins. In this way the allantoic circulation, which 
is of the utmost importance in connection with the respiration and nutrition of 
the chick, is established. Oxygen is taken from, and carbonic acid is given up 
to the atmosphere through the egg-shell, while nutritive 'inaterials are at the same 
time absorbed by the blood from the yolk. 

In man and other primates the nature of the allantois is entirely different from 
tliat just described. Here it exists merely as a narfow, tubular diverticulum of 
the hind-gut, and never assumes the form of a vesicle outside the embryo. With 
the formation of tlie amnion the embiyo is, m most animals, entirely separated 
from the chorion, and is only again united to it when the allantoic mesoderm 
M 4 i|ds over and becomes applied to its inner surface The human embryo, on 
fn» Hher hand, as was pointed out by His, is never "wholly separated from the 
chorion, its tail end being from the first connected with the chorion by means of 


Fio. 117.— Diagram showing eailiest 
observed stage of human ovum. 



Fig. 118. — Diagram illustrating early 
formation of allantois and differen- 
tiation of body-stalk. 
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a thick band of mesoderm, named the hody-stalk (Batichsltel) (figs. 118 and 119) ; 
into this stalk the tube of the allantois extends (fig. 113). Moi cover, in the 
human embryo the allantoic diverticulum is seen before the hind-gut is formed, 
and appears as a tubular protrusion from the yolk-sac (fig. 114). The body- 
stalk IS at first attached to the hind-end of the embryo, but with the giowth 
of the tail and the formation of the caudal flexure it assumes a ventral position, 
and the tubular allantois is then seen to open from the cloacal part of the hind-gut. 

The umbilical orifice divides the allantois into two portions — an intra-abdominal 
and an extra-abdominalr The latter persists till birth in a rudimentary condition ; 
the proximal part of the intra-abdominal portion takes part in the formation of 
the cloaca. After the subdivision of the cloacal part of the hind-gut into 
bladder and rectum has taken place the distal part of the jntra-abdominal portion 
of the allantois becomes obliterated and forms a fibrous cord, the urcuihus^ which 
reaches from the summit of the bladder to the umbilicus. 

The umbilical cord and body-stalk (figs. 119, 120, 121). — The rudiro<^nt of the 
umbilical cord is represented by the tissue which separates the rapidly growing 
embryo from the extra- embryonic area of the ovum. Included in this tissue are the 
body-stalk and the vitelline duct — the former containing the allantoic diverticulum 
and the umbilical vessels, the latter forming the commumcation between the 
alimentary canal and the yolk-sac. The hody-stalk is the posterior segment of the 
embryonic area, and is attached to the chorion. It consists of a plate of mesoderm 
covered by thickened ectoderm on which a trace of the neural groove can be 
seen, indicating its continuity with the embryo. Running through its mesoderm 
are the two umbilical arteries and the two umbilical veins, together with the canal 
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oi the allantois — the last being lined by entode^mal epithelium!^ Its dorsal surface 
is covered by the amnion, while its ventral surface is bounded by the extra- 
embryonic ccelom, and is in contact with the vitelline duct and yolk-sac. With 
the rapid elongation of the embryo and the formation of the tail fold, the body-stalk 


Fig. 119. — ^Diagram showing later stage of 
allantoic development witl^ commencing 
constriction of the yolk sac. 
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Fig. 120. — Diagram showing the ex- 
pansion of amnion and delimitation 
of the umbilicus. 
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comes to lie on the ventral surface of the embryo, where its mesoderm blends 
with that of the yolk-sac and the vitelline duct. The lateral leaves of scanatopleure 
then g^tow round on each side, and, meeting on the ventral aspect of the allantois, 
enclose the vitelline duct and vessels, together with a part of the embryonic 


Fig. 121. — Diagram illustrating a later stage in the development of the umbilical cord. 



ccelom ; the latter is ultimately obliterated. The cord, therefore, is not covered 
by the amnion, but by a layer of ectoderm which is continuous with that of the 
amnion at the placental cud of the cord, around which the amnion is attach^. 
The various constituents of the cord are enveloped by embryonic gelatiiMs 
tissue (jelly of Wlarton). The vitelline vessels and duct, together with the right 
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ambiUoal vein, imdergo atrophy, and disappear ; and thiw the cord, at birth, 
contains a pair of umbilical arteries and one (the left) umbilical vein. 

The ohmon (figs. 117 to 121).--The chorion is developed from the wall of 
the blastodermic vesicle, and consists of two layers : an outejc formed by the 
primitive ectoderm or trophoblast, and an inner by the somatic mesoderm (figs, 119 
and 120). The trophoblast is made 

up of an internal layer of cubical or 122. — ^Dia^^mmatio sections of the uterine 

prismatic cells, the cytoblaH or layer rauoons memhcMe : ( a) of the non-prognMt 
ofLiiiujhaM,am\ an external layer ot 

•i,i^ I J.J j. 1 1 •] the thickened mucous membrane ana the 

nchly miclea^ protoplasm deyoul condition of the uterine glands, 

of cell boundaries, the sifmylium. (Kundrat and Engolraann.) 

It undergoes rapid proliferation and 
forms numerous processes, the 
chorionic vitUy which invade and 
(lestroy the uterine clo(idua and at 
^the same time absorb from it nutri- 
*tive matoriaLs for the growth of the 
embryo. The chorionic villi are at 
first small and non -vascular, and 
consist of trophoblast only, but 
increase in size and ramify, 

Iho mesoderm, carrying 
of the umbilical vessels, 
grows into them, and in this way 
tiiev are vasculariscd. Blood is 
carried to the villi by the branches 
of the umbilical arteries, and after 
circulating flirough the capillaries 
of the villi, is returned to the 
einbrvo Ivy the umbilical veins. 

Until about the end oi the second 
month of pr(‘gnaucy tin* villi rover 
the entire chorion and are almost 
uniform in size (fig. 119), but after 
this they develop uno(jually. The 
greater pflrt ol the clioiion is in 
contact with the decidua capsiilaris 
(fig. 121), and over this portion 
the vilh, with their contained 
vessels, undergo atrophy, so that 
by the fourth month scarcely a 
trace of them is lelt, and hence this 
part ot the chorion becomes sinooBj, 
and is named the chorion hvve ; as 
it takes no share in the iorination 
oJ the placenta, it is also named 
the iion-placental part oi the 
chf>rion. On the other hand, the 
villi on that part of the chorion 
which is in contact with the decidua 
placentalis increase greatly in size 
and complexity, and hence this part 
is named the chorion frondosum. 

Since it fonns the foetal portion ol 
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the placenta, it is appropnatcly named the placental part of the chorion, and its 
villi, the placental villi (fig. 124). 

The decidua. — Changes take place in the mucous membrane of the uterus in, 
order to render it fit for the reception of the fertilised ovum. It becomes congested 
and thickened, its connective tissue cells are inerdksed in number, and its glands 
are expanded ; this altered mucous membrane is termed the decidua. When the 
fertilised ovum enters the uterus it becomes imbeddoxJ in the decidua, which then 
undergoes the following changes : its thickness and its vascularity are greatly 
increased ; its glands are elongated and open on its free surface by ninnel-shaped 
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orifices, while their deeper portions are tortuous .and dilated into irregular spaces. 
The interglandular tissue is also increased in quantity, and is crowded with large 
round, oval, or polygonal cells, termed decidual cefls. These changes are well 
advanced by the second ^onth of pregnancy, when the mucous membrane consists 
of the following strata (fig. 122) : (1) stratum compatUum, next the free surface ; 
in this the uterine glands are only slightly expanded, and are lined by columnar 
cells; (2) stratum spongiosum^ in which the gland tubes are greatly dilated and 
very tortuous, and ultimately come to be separated by only a small amount of 
interglandular tissue, while their lining cells are flattened or cubical ; (3) a thin 
unaltered layer, next the uterine muscular fibres, containing the deepest parts of 
the uterine glands, which are not dilated, and are lined with columnar epithelium ; 
it is from this epithelium that the epithelial lining of the uterus is regenerated 


Fig. 123. — Section through ovum imbedded in the uterine decidua. Scmi-diagrammatic. 

(After Peters.) 



o.e. 

am,, amniotic cavity ; h.c., blood clot; b.x., body-stalk ; ect., embryonic ectoderm ; eM., entoderm ; mcs., mesoderm ; 
in,v., maternal vessels; tr., trophoblost; u.e., uterine epitboliuin ; u.g., uterine glands ; y.#., yolk-sac. 


after pregnancy. The decidua lines the whole of the body of the uterus, without, 
however, occluding the orifices of the Fallopian tubes. 

Imbedding of the ovum. — When the fertilised ovum enters the cavity of the 
uterus it adheres to the decidua, generally in the neighbourhood of the fundus 
uteri. It destroys the uterine epithelium over the area of contact and excavates 
and sinkA into the decidua. It expands rapidly and imbeds itself in the decidua, 
the portion of the latter which overlaps it being named the decidua capsularis* 
The point at which the ovum entered is at first closed by a mushroom -shaped 
blood clot, but soon all trace of the aperture is lost and the ovum is then 
completely enveloped by the decidua (fig. 123). The portion of the decidua which 


• The decidua capsularis was formerly named the AoalAua refima ; this name was applied 
to it because it was supposed to be produced by the upgrowth of folds of the^ surrounding 
decidua over the ovum— these folds gradually overlapping and ultimately fusing so as to 
completely cover the ovum. 
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intervenes between the ovrun and the uterine wall is named the decidua bamlis 
ox decidvaj^daciinlU^^ : it is here that the placenta is subsequently developed. The 
part of the decidua which lines the remainder of the uterus is known as the 
decidua vera, ' * 

The trophoblast of the ovum proliferates rapidly and forms numerous branching 
villous processes which cover the entire surface of the ovum and invade and destroy 
the surrounding decidua. They embrace and erode the uterine capillaries so that 
blood spaces containing maternal blood are formed around the villi and. in the 
trophoblast. These spaces become greatly distended and constitute the maternal 
blood sinuses or intervillous spaces. The villi are at first non- vascular and consist 
of trophoblast only ; processes of mesoderm, however, soon invade them and carry 
into them branches of the umbilical vessels*. 

Coincident! y with the growth of the embryo, the decidua capsularis is thinned 
and extended (fig. 124). Its vascular supply is diminished, and it undergoes 
degeneration,- and at the same time the non-placental villi atrophy and disappear. 
The space between the decidua c.apsularis and deciduii^ vera is gradually obliterated, 
so that by the third month of pregnancy the two are in contact. By the fifth month 

Fig. 124. — Sectional plan of the gravid uterus in the third and fourth month. 

(Modified from Wagner.) 

Pliicenial villi imbedded in the 



the decidua capsularis has practically disappeared, and, as a consequence, the chorion 
leeva comes directly into contact with the decidua vera. During the succeeding 
months of pregnancy the decidua vera also undergoes atrophy, owing to the in- 
creased pressure. The glands of the stratum compactum are obliterated, and 
their epithelium is lost. In the stratum spongiosum the glands arc compressed 
and present the appearance of slit-like fissures, while their epithelium undergoes 
degeneration. In the deepest or unaltered layer, however, the glandular epitheh^urn 
retains a columnar or cubical form. 

The placenta. — The placenta connects the feetus to the uterine waill, and is 
the organ by means of which the nutritive, respiratory, and excretory functions 
of the foetus are carried on. It is composed of foetal and maternal portions. 

The fcBial portion of the placenta consists of the villi of the placental part of 
the chorion. It has already been pointed out that the chorionic villi consist at 
first of trophoblast (ectoderm) only (fig. 125), and that they become vascularised by the 
growth into them of the mesoderm which conveys branches of the umbilical vessels 
(fig. 126). Further, it has been shown that, for a time, they cover the entire 
surface of the ovum and invade the whole of the surrounding decidua, but owing 
to the growth of the ovum and consequent extension of the decidua capsularis the 
• . * H 2 , 
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vessels of the latter become atrophied and the villi over the corresponding part of 
' the chorion disappear. On the other hand the placental villi, which invade the 
decidua placentalis, branch repeatedly, increase enormously in size, and constitute 
the foetal part of the placenta (fig. 124). These greatly ramified villi are suspended 

in the maternal blood sinuses. 
Fig. 125. — ^Diagram to illustrate the. first phase of and are therefore bathed in 
the placenta. (After Peters.) maternal blood, which is con- 

veyed to the sinuses by the 
uterine arteries and earned away 
by the uterine veins. A branch 
of an umbilical artery enters each 
villus and ends in a capillary 
plexus from which the blood is 
drained by a tributary of the 
umbilical vein. The vessels of 
the villus are surrounded by a 
thin layer of mesodenu consist- 
ing of gelatinous connective 
tissue, which is covered by two 
strata of ectodermal cells derived 
from the trophoblast : the deeper 
stratum, next the mesodermic 
tissue, represents the layer of 
ft./., blood-lacuna ; m, maternal capillary ; lecidua; LaUghailS J thc Superficial, ill 

me., mesoderm ; .vy, syncytinm ; /r, tropl last. COlltact with thc maternal blood, 

the syncytium.* 

The maternal 'portion of the placenta is formed hy the decidua placentalis 
containing the maternal blood sinuses. As already explained, these sinuses are 
produced partly by the erosion and optuiing out of the uterine vessels by the 
trophoblast and partly by the channels which make their appearance in the tropho- 
blast itstdf. The destructive changes involve thc greater portion of the stratum 

Fig. 12(). — Diagram to illustrate the second phase of the placenta. (After Peters.) 
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The mpsodermic core bus now invaded the si rands of tl'c troplioblast, and la beginning to branch, ca, maternal 
(‘ajiillary : rore^ core of villus ; //ft, fibrinous material deposited nt junction of trophoblast with decidua ; w«cp, endo- 
tlicliuni' of maternal capillary ; mea, mosoderm ; syncytium ; va, intervillous sj^ace. 

compacftim, but the deeper part of this layer persists and is condensed to form what is 
known as the basal plate. Between this plate and the uterine muscular fibres are the 
stratum spongiosum and the unaltered layer ; through these and the basal plate the 
uterine arteries and veins pass to and from the maternal blood sinuses. Th e endothelial 
lining of the uterine vessels ceases at the point where they terminate in the sinuses ; 
the sinuses themselves are lined by the syncytium of the trophoblast. Portions 

* This outer layer was regarded by some authorities as being of maternal origin, but recent 
observations have proved that it is derived from the syncytium. The whole of the structures 
of the villi, therefore, consist of embryonic tissues. 
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of the stratum compactum persist and are condensed to form a series of septa^ 
which extend from the basal plate through the thickness of the placenta and 
subdivide it into the lobe^or cotyUdom seen on the uterine surface of the detached 
placenta. 

The fcetal and maternal blood currents traverse the placenta, the former 
passing through the blood-vessels of the placental villi and the latter through the 
matenial blood sinuses or intervillous spaces (fig. 127 ). The two currents do not inter- 
mingle, being separated from each other by the delicate walls of the villi. Never- 
theless, the f(Btal blood is able to absorb, through the thin walls of the villi, oxygen 
and nutritive materials from the maternal blood, and give up to the latter its 
waste products. The blood, so purified, is carried back to the foetus by the 
umbilical vein. It wdll thus be seen that the placenta not only establishes a 
mechanical connection between the mother and the foetus, but subserves for the 
latter the purposes of nutrition, respiration, and excretion. In favour of the 
view' that the placenta possesses certain selective powers may be mentioned the 
fact that glucose is more plentiful in the maternal IJian in the foetal blood. It is 
interesting to note also that the proportion of iron, and of lime and potash, in the 
fmtus is increased during the. last 

months of pregnancy. Further, 227. — Scheme of placental circulation, 

til ere is evidence that the maternal 


leucocytes may migrate into the 
fcetal blood, since leucocytes are 
rmicli more numerous in the 
blood (d‘ the umbilical vein than 
in that of the umbilical arteries. 

The placenta is usually 
attaclK'd near the fundus uteri, 
and more frequently on the 
posterior than on the anterior 
wall of the uterus. It may, how- 
ever, occupy a lower position 
and. in rare cases, its site is close 
to the 08 uteri internum, which 
it may occlude, thus giving rise 
to the condition knowm as 
placenta preevia. 

Separation of the placenta , — 
A.ftcr the child is born, the 
placenta and membranes are 
expelled from the uterus as tlie 
after ‘liirih. The separation of the 
placenta from the uterine wall 
takes place through the stratum 
spongiosum, and necessarily 
causes rupture of the uterine 
vessels. The orifietjs of the torn 



vessels are, h©w'ever, closed by 

the firm contraction of the uterine muscular fibres, and thus posUpartum- 
hwmorrhage is prevented. The epithelial lining of the uterus is regenerated ])y 
the proliferation and extension of the epithelium which lines the persistent portions 
of the uterine glands in the unaltered layer of the decidua. 

« expelled placenta appears as a discoid mass which weighs about a pound, 

and has a diameter of from^ six to eight inches. Its average thickness is about an 
mch am a quarter, but this diminishes rapidly towards the circumfereifbe of the 
disc, which 18 continuous with the membranes. Its uterine surface is divided by 
a series of fissures into lobules or cotyledons^ the fissures containing the remains 
of the septa which extended between the maternal and foetal portions. Most of 
these septa .^nd in irregular or pointed processes; others, especially those near 
the edge of the placenta, pass through its thickness and are attached to the 
chonon. In the early months these septa convey branches of the uterine arteries 
which open into the maternal sinuses on the surfaces of the septa. The total sur- 
lace of the placenta is smooth, being closely invested by the amnion. Seen through 
the latter, the chorion presents a mottled appearance, consisting of grey, purple, 
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or yellowish areas. The umbilical cord is usually attached near the centre of the 
placenta, but may be inserted an 3 rwhere between the centre and the margin. In 
some cases it is inserted into the membranes, i.e. the v^gmenious insertion. From 
the attachment of the cord the larger branches of the umbilical vessels radiate 
under the amnion, the veins being deeper and larger than the arteries. The 
reinains of the vitelline duct and yolk-sac may be sometimes observed beneath 
the amnion, close to the cord, the former as an attenuated thread, the latter as a 
minute sac. 

On section, the placenta presents a soft, spongy appearance, caused by the 
greatly branched villi ; surrounding them is a varying amount of maternal 
blood giving the dark red colour to the placenta. Many of the larger villi extend 
from the chorionic to the decidual surface, while others are attached to the septa 
which separate the cotyledons ; but the great majority hang free in the maternal 
sinuses, like the branches of a tree. 

The further growth of the embryo will be best understood from a description 
of the principal facts relating to the development of the chief parts of which the 
body consists. 

DEVELOPMENT OF THE PARIETES 

The Skeleton. — The skeleton is of mesodermal origin, and may be divided into 
(a) that of the trunk (axial skeleton), comprising the vertebral column, skull, 
ribs, and sternum, and (h) that of the limbs (appendicular skeleton). 

The vertebral coIulji. — 

Fig. 128. — Transverse section of ahum «an embryo of the notochord (fig. Ill) is 

third week to show the differentiation of the irimitive temporary structure and 
segment. (Kollmann.) forms a central axis, around 

which the segments of the 
vertebral column are de- 
veloped.* It is derived from 
the entoderm, and consists of 
a rod of cells, which lies on 
the ventral aspect of the 
neural tube and reaches from 
the anterior end of the mid- 
brain to the extremity of the 
tail. On either side of it is 
a column of paraxial meso- 
derm which divides into a 
nuinlxu' of more or less 
cubical segments, the primi- 
tive segments or protovertehral 
somit^ (figs. 110, 111, 112). 
These are separated from 
one another by iniersegmenlal 
septa and are arranged sym- 
metrically on either side of 
the neural tube and noto- 
chord : to every^l segment a 
spinal nerve is [^distributed. 
At first each segment con- 
tains a central cavity, the 
myoewly but this is soon filled 

oo, aorta mnacle-platc ; «.r., neural canal ; bclorotonie with a COre of angular and 

s.p,y cutis-plate. Spindle- shaped cells. The 

cells of the segment become 
difierentiated into three groups, which form respectively the cutis-plate or 
dermatome, the muscle-plate or myotome, and the sclerotome (fig. 128). The 
cutis-plate is placed on the outer and dorsal aspect of the myocoel, and from it 
the true skin of the corresponding segment is derived ; the muscle-plate is situated 
on the inner aspect of the myocoel and furnishes the muscles of the segment. The 

• In the amphioxus the notochord persists and forms the only representative of a skeleton 
in that animal. 
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cells of the sclerotome are largely derived from those which form the core of the 
myocoel, and lie n^t the notochord. Fusion of the individual sclerotomes in an 
antero-posterior direction soon takes place, and thus a continuous strand of cells, 
the scleratogenous layer, is formed along the ventro-latei^l aspects of the neural 
tube. The cells of this layer proliferate rapidly, and extending inwards suiTound 
the notochord ; at the same time they grow backwards on the lateral aspects of 
the neural tube and eventually surround it, and thus the notochord and neural 
tube are enveloped by a continuous sheath of mesoderm, which is termed the 
m^nbranous vertAral column. In this mesoderm the original segments are still 
distinguishable, but each is now difierentiated into two portions, an anterior, 
consisting of loosely ananged cells, and a posterior, of more condensed tissue 
(fig. 129, A and b). Between the two portions the rudiment of the intervertebral 
disc is laid down (fig. 129, c). Cells from the posterior mass grow out into the 
intervals between the myotomes (fig. 129, b and c) of the corresponding and 
succcedii^ segments to form an arch or bow, the primitive vertebral how, , 
The mesial portion of this bow lies on the ventral aspect of the notochord, 
and is termed the hypochordal bar or brace. Its lateral portions extend 
both dorsally and ventrally ; the dorsal extensions surround the neural tube and 
represent the future neural arch of the vertebra, while the ventral extend into 


Flu. J 29. — Scheme showing the manner in which each vertebral centrum is developed 
from portions of two adjacent segments. 


Mijotoma 



A 


B 


Intervd'tehral disc 


Notochord 
Centrum I 



the body-wall as the costal processes. The hinder part of the posterior mass 
joins the anterior mass of the succeeding segment to form the verti'bral body. 
Eacli vertebral body is therefore a composite of two segments, being formed from 
the posterior portion of one segment and the anterior part of that immediately 
behind it. The neural and costal arches are derivatives of the posterior part of 
the segment in front of the inter-segmental septum with which they are associated. 

This stage is succeeded by that of the cartilaginous verteibral column. In the 
fourth week two cartilaginous centres make their appearance on the dorsal aspect 
of the h 3 ^ochordal bar, one on either side of the notochord ; these extend round 
the notochord and form the body of the cartilaginous vertebra. A second pair 
of cartilaginous foci appear in the lateral parts of the vertebral bow,*and grow 
backwards on either side of the neural tube to form the cartilaginous neural arch. 
By the eighth week the cartilaginous arch has fused with the body, and in the 
fourth month the two halves of the arch are joined on the dorsal aspect of the 
neural tube. The spinous process is developed from the junction of the two halves 
.of the neural arch. The transverse process grows out from the neural arch 
immediately behind the costal process. 

Except in the case of the first cervical vertebra, the hypochordal bar of the 
primitive vertebral bow disappears by fusing with the intervertebral disc. In 
this vertebra, however, the entire bow persists and remains separate from the 
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cartilagiiiouB body. The hypochordal bar becomes developed into the anterioi' arch 
of the bone, while the cartilaginous body forms the odontoid process which fuses 
with the body of the second cervical vertebra. 

The portions of tlie notochord which are surrounded by the bodies of 
the vertebraB atrophy, and ultimately disappear, while the parts which lie in the 
centres of the intervertebral discs undergo enlargement, and persist throughout life 
as the central nucleus pulposus of the discs (fig. 130). 

The ribs. — The ribs are fomied from the ventral or costal processes of the 
primitive vertebral bows, the processes extending outwards between the muscle- 
plates. In the thoracic region of the vertebral column the costal processes of the 
vertebral bows grow outwards to form a series of arches, the primitive costal arches. 
As already described, the transverse process grows out behind the vertebral end 
of each arch. It is at first connected to the costal process by continuous meso- 
derm, but this becomes differentiated later to form the costo-transverse 
ligaments : between the costal process and the tip of the transverse process the 
costo-transverse joint is formed by absorption. The costal process becomes 
separated from the vertebral bow by the development of the costo-central joint. 
In the cervical verlebrw the transverse process forms the posterior boimdary of 
the foramen transversarium, w-hile the costal process corresponding to the liead 
and neck of the rib fuses with the body of the vertebra, and forms the antero- 


Fkj. 130. — Sagittal section through the intervertebral disc and adjacent })arts of two 
vertebrae of an advanct*d sheep’s embryo. (Kolliker.) 



lateral boundary of the foramen. The distal portions of the primitive costal arches 
remain undeveloped ; occasionally the arch of the seventh cervical vert(‘bra 
undergoes greater development, ajid by the formation of costo- vertebral joints 
is separated off as a rib. In the lumhar region the distal portions of tlui 
j)rimitive costal arches fail ; the proximal portions remain undifferentiated and 
fuse with the transverse processes to form the transvefse processes of descriptive 
anatomy. Occasionally a movable rib is developed in connection with the first 
lumbar vertebra. In the sacral region costal processes are developed only in connec- 
tion with the upper three, or it may l)e four, vertebra) : the processes of adjacent 
segments fuse yrith one another to form the lateral masses of the sacrum. The 
coccggeal ^ertebrw arc devoid of costal processes. 

The sternum. — The view generally held regarding the development of 
the sternum is that it arises as a paired structure from the ventral ends 
of the upper nine ribs which join on either side of the middle line to form a 
cartilaginous strip. The two strips are at first connected by membrane, but they 
become united in the middle line from before backwards, and so give rise to a 
longitudinal piece of cartilage, which represents the manubrium and gladiolus. 
The ventral ends of the eighth and ninth cartilages fuse to form the xiphoid 
appendix, and subsequently lose their connection with the sternum. Sometimes 
the eighth retains its original connection, and constitutes an eighth tme rib 
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which occurs more frequently "oh the'riglit than on the left side. This bilateral 
condition of the primitive sternum Would serve to explain the occurrence of 
fissures or holes in the bone, as well as that rare anomaly, a completely divided 
sternum. Paterson,* on the other hand, after reviewing the literature on this 
subject, and giving the results of his own observations on the embryonic and 
adult conditions of the sternum in 
man and some of the lower animals, 
says ; ‘ The weight of evidence is all 
on the side of the primary association 
of the sternum with the should(*r girdle 
and its secondary connection with the 
ribs.’ There is reason to believe that 
the upper part of the manubrium 
sterni represents the precoiacoid 
element of the shoulder girdle.. 

The skull. — Up to a certain stagt^ 
the developmcjit of the skull corre- 
sponds with that of the vertebral 
column ; but it is modified later in 
association with the expansion of the 
brain -vesicles, the formation of the 
organs of smell, sight, and hearing, 
and the development of the mouth 
and pharynx. 

Th(' notochord extends as far for- 
wards ill the base of the future skull as 
the anterior end of the mid-brain, and 
becomes partly surrounded by meso- 
derm (fig. 131). The posterior part 
of this mesodermal investment corresponds with the future basi-occiput, and 
sliows a subdivision into four segments, which are separated by the roots of 
th(‘ hypoglossal nerve. Tlie mesoderm then extends over the brain- vesicles, and 
thus the entire brain is enclosed by a mesodermal investment, which is termed 
the membranous primordial cranium. From the inner layer of this the bones of 


Fio. 131. — Sagittal section of cephalic end 
of notochord. (Keibel.) 



Fill. 132. — Diagrams of the cartilaginous cranium. (Wiedershoim.) 

limoid 2 ) 1(1 
Did vasal 
srpfnm ^ \ 


Situnth')) of olfarljry pit Ethmoid jdate 

and vasal Olfactory orfjan 



e 



Exievsion ((round 
^ olfactory organ 
Foramina for 
olfactory m^rves 

-- Eyeball 

Pituitary fossa 

East-cranial 
" " cartilage 
~~0tic vesicle 

J — .Notochord 


the skull and the membranes of the brain are developed ; from the outer layer 
the muscles, blood-vessels, true akin, and subcutaneous tissues of the^ scalp. 
In the shark and dog-fish this membranous cranium undergoes complete 
ohondrification, and forms the cartilaginous skull or chondrocranium of these 
animals. In mammals, on the other hand, the process of chondrification is limited 
to the base of the skull — the roof and sides being covered in by membrane. Thus 

* The Human Sternum, by A. Melville Paterson, liK)4. 













107 


DEVELOPMENT OF THE PASIETES 

olfactory pits. Later, the trabeculse meet and fuse below the pituitary body, 
forming the floor of the pituitary fosl^a, and so cutting off the anterior lobe of 
the pituitary body from the stomatodsBum. The mesial part of the ethmoidal 
plate forms the bony and cartilaginous parts of the nafel septum. From the 
lateral margins of the trabeculse cranii three processes grow out on either side. 
The anterior forms the lateral mass of the ethmoid and the alar eartilages of the 
nose ; the middle gives rise to the lesser wing of the sphenoid, while from the 
posterior the greater wing and external pterygoid plate of the sphenoid are 
developed (figs. 133, 134). The bones of the vault are of membranous formation, 
and are termed dermal or covering hones. They are partly developed from the 
mesoderm of the primordial cranium, and partly from that which lies outside 
the entoderm of the fore-gut. They comprise the upper part of the tabular 
portion of the occipital (interparietal), the squamous-temporals and tympanic 
plates, the parietals, the frontal, the vomer, the internal pterygoid plates, and 
the bones of the face. Some of them remain distinct throughout life (e.g. parietal 
and frontal), while others join with the bones of the^ chondrocranium (e.g. inter- 
parietal, squamous-temporals, and internal pterygoid plates). 


Nasal 

'•upside 


Fig. 134. — The same model as shown in fig. 133 from the left side. 
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Recent observations have showm that, in mammals, the basi-cranial cartilage, 
both in the chordal and prechordal regions of the base of the skull, is developed 
as a single plate which extends from behind forwards. In man, however, its 
posterior part shows an indication of being develofied from two chondrifying 
centres which fuse rapidly in front alid below. The relation of this cartilaginous 
plate to the notochord difiers in diflerent animals. In the rat embryo it lies beneath 
the notochord (Robinson) ; in the sheep, pig, calf, and ferret, the cranial part 
of the notochord is enclosed within it ; in man, the anterior and posteiior thirds 
of the cartilage surround the notochord, but its middle third lies on the dorsal 
aspect of the notochord, which in this region is placed between the cartilage and 
the wall of the pharynx. 

The visceral arenes. — In the lateral walls of the anterior part of the fore-gut a 
series of furrows or incomplete clefts appears (fig. 135). These are named the 
visceral clefts^ and take origin as paired grooves or pouches in the sides of the fore- 
gut ; over each groove a corresponding indentation of the ectoderm occurs, so that 
the. latter comes into contact with the entodermal lining of the fore-gut, and the 
two lajrersmiute; along the floors of the grooves to form thin septa between the 
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fore-gut and the exterior. In gill-bea;iirig eiiinials these septa disappear, and 
the grooves become complete clefts — the gill-clefts — opening from the pharynx on 
to the exterior ; perforation, however, does not occur in birds or mammals. The 
clefts separate a series* of rounded bars or arches, the visceral arches, in which 
thickening of the mesoderm takes place (figs. 135, 136, 137). The dorsal ends 
of these arches are attached to the sides of the head, while the ventral extremities 

ultimately meet in the middle line of the neck. In all, five arches make their 

« , , appearance, but of these 

iiQ. 135.— fcmbryo between eighteen and twenty-one only thefirst four are visible 

externally, the fifth never 

being elevated above the 

surface. The first arch is 
named the mandibular ; the 
second, the hyoid ; the 
third, the thyro - hyoid 
(fig. 137) ; while the 
others have no distinctive 
names, but are referred 
to as the fourth and fifth 
visceral arches. In each 
arch a cartilaginous bar, 
consisting of right and left 
halves, is developed, and 
with each of those there is 
one of the primitive aortic 
arches. 

The mandibular arch 
lies between the first vis- 
ceral cleft and the stoma- 
todajum, and is d(?veloped 
into the lower lip and 
BodU’Htal/c mandible. Its cartilaginous 

bar is formed by what are 

known as MeckvVs cartilages (riglit and h^ft, fig. 138). The dorsal ends of these 
cartilages are connected with the periotic capsules and are ossified to form two 
of the bones of the middle ear, the malleus and incus;* the ventral ends meet each 
other in the region of the symphysis menti, and are usually regarded as undergoing 
ossification to form that portion of the mandible which contains the incisor teeth. 
The intervening part of the cartilage disappears ; the portion iininedi.ately adja- 
(;ent to the malleus and 

incus is replaced by fibrous Fkj. 1,36. — The floor of the pharynx of a human embryo 
membrane, and constitutes . about fifteen tlays old. x 50. (From His.) 

the spheno - mandibular 
ligament, while from the 
connective tissue covering 
the remainder of the carti- 
lage the greater part of the 
mandible is ossified. The 
second or hyoid arch assists 
in forming the side and 
front of the neck. From 
its cartilage are developed 
the styloid process, stylo- 
liyoid ligament, and lesser 
cornu of the hyoid bone. 

The cartilage of the third or thyro-hyoid arch gives origin to the great 
cornu of the liyoid bone. The ventral ends of the second and thii-d arches 
unite with those of the opposite side, and form a transverse band, from 
the cartilages of which the bod}' of the hyoid bone is developed. The ventral 

* Some regard the incus as arising from the dorsal end of the hyoid bar, while Gadow 
{Phil, Tram. vol. cJxxix.) inclines to the view that the malleus, incus, and stapes arise from a 
cartilaginous plate, tJie hyomandibuJa, which binds the proximal ends of the mandibular and 
hyoid bars together. 
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portions of the cw^ttges of the and fifth arches unite to form the thyroid 

CfirtilagG. ' ' *’ 

The first and second arches grow more rapidly than those behind them, with 
the result that the latter become, to a certain extent, telescoped within the former, 

Fig. 137. Profile view of the head of a human embryo, estimated as twenty-seven 

days old. (After His.) 



and .‘1 deep depression, the sinus prwccroicalis (fig. 140) is formed on tiie side of 
the iieek. Tills sinus is bounded in front by the hyoid arch, and behind by the 
thorac-ic wall ; it is ultimately obliterated by the fusion of its walls. The outer part 


Fia. 138. — Head and neck of a human embryo eighteen weeks old. with Meckel’s 
cartilage and hyoid bar exposed. (After KoIIiker.) 



of the first cleft becomes the external auditory meatus, while the inner part of the 
same cleft forms the Eustachian tube, tympanic cavity and mastoid antrum. The 
septum between the outer and inner parts of this cleft is invaded by mesoderm, and 
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fonxiB the membrana tympani. No traces of the outer parts of the second, third, and 
fourth clefts persist. The inner part of the second cleft is subdivided into an upper 
and lower portion by the palate. The former persists as the fossa of Rosenmiiller. 
or lateral recess of the'naso-pharynx ; in the latter is developed the tonsil, above 
which a trace of the cleft persists as the supra* tonsillar fossa. From the pharyngeal 

Fio. 130. — ^Under surface of the head of a human embryo about twenty-nine days old. 

(After His.) 
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aspect of the third cleft the thy in us gland arises as an entodermal diverticulum on 
either side, and from the corresponding part of the fourth clefts similar diverticuLa 
give origin to the lateral parts of the thyroid body (see page 154). 

The face and nose (figs. 139 to 144). — The nasal cavities are formed from 
the stomatodoBum, while the outer nose is derived from its antoro-lateral 



Fig. 140. — The head and neck of a human embryo thirty-two days old, seen from the 
ventral surface. The floor of the mouth and pharynx have been removed. (His.) jj 
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boundaries. Two areas of- thickened ectoderm, the olf actor u areas, appear imme- 
diately under the fore-brain in thb anterior wall of the stomatodfleum, one on 
either side of the fronto-nasal 'process. By the upgrowth of the surrounding 
parts these areas are converted into pits, the olfactory pits (fig. 140). which divide 
the fronto-nasal process into a mesial and two lateral nasal processes (fig. 141). 
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The rounded lateral angles of the mesial nasal process constitute the ghhuloT 
processes of His (figs. 140, 141). The olfactory pits form the rudiments of the 
nasal cavities, and extend backwards between the mesial and lateral n^sal 
processes into the roof of the stomatodaeum. From thei/ ectodermal lining the 
olfactory epithelium and part of the olfactory bulb are derived. The globular 
processes are prolonged backwards as plates, termed the nasal lamincs : these 
laminflB are at first some distance apart, but, gradually approaching, they ulti- 
mately fuse, and form the nasal septum ; the processes themselves meet in the 
middle line, and form the premaxill® and the philtrum or central part of the upper 
lip (fig. 142). 

The depressed part of the fronto-nasal process between the globular processes 
forms the lower part of the nasal septum or columella ; while above this is seen 
a prominent angle, which becomes the future point, and still higher a flat area, 
the future bridge, of the nose (fig. 144). The lateral nasal processes form the 
ala) of the nose. Continuous with the dorsal end of the mandibular arch, and 
growing forwards from its cephalic border, is a triangular process — the maxillary 
process — the ventral extremity of which is separated from the mandibular arch by 
a > -shaped notch (fig. 139). The maxillary process grows forwards to form the 
outer wall and floor of the orbit, and meets with the lateral nasal process, from 



which, however, it is separated for a time, by a groove — the oculo-nasal sulcus — 
•that extends from the furrow encircling the eyeball to the olfactory pit. The. 
maxillary processes ultimately fuse with the lateral nasal and globular processes, 
converting the oculo-nasal sulci into the lachrymal sacs and nasal ducts, and at 
the same tinie forming the lateral parts of the upper lip and the posterior boundaries 
of the anterior nares. The maxillary process also gives rise to the lower portion 
of the lateral wall of the nasal cavity — the upper part of this wall, together with 
the roof, being developed from the ethmoid plate of the cartilaginous choiidro- 
cranium. The nasal cavity is shut of! from the buccal part of the stomatodroum 
by the development of the palate, the greater part of which is formed by a pair 
of shelf-like palatal processes which extend inwards from the maxillary processes 
(figs. 142, 143) ; these coalesce with each other in the middle line, and constitute the 
entire palate, except a small part in front which is formed by the premaxillary 
bones. The union of the palatal processes with the premaxillge is deficient in the 
middle line, where an aperture remains — the naso-palatine canal. The union of 
the parts which form the palate commences in front, the premaxillary and palatal 
processes joining in the eighth week, while the region of the future hard palate is 
completed by the ninth, and that of the soft palate by the eleventh we^. The 
defonmty known as cleft palate results from a non-union of the palatal processes. 
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and that of haie-lip though a non-union of die mapllary; an«J globiilw prooeMOS' 
(see page 285). The nasal cavity becomes divided into the two ^asal xossse by a 
vertical septum, which extends, downwards and backwards from the fronto-nasal 
process and nasal lanliinae, and unites below with the palatal processes. Int6 

Fi^ 142 . — ^The roof of the mouth of a human embryo about two and a half months old, 
showing the mode of formation of the palate. (His.) 
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this a plate of ciirtilage extends from the under aspect of the ethmoid plate .of 
the chondrocraniiim. The anterior part of this persists as the septal cartilage 
of tin? nose, but the posterior and upper parts are replaced by the vomer and 
mesethmoid. Oji eacli side of the nasal septum, at its lower and ajiterior part, 


Ftg. 143. — Frontal section of nasal cavity of a human embryo, 28 mm. long. (Kollmann.) 
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the ectoderm is invaginated to form a blind pouch or diverticulum, which extends 
backwards and upwards into the nasal septum. These pouches form the ru^ments 
of JacobsofCs organs, which open below, close to the junction of the premaxillary 
and maxillary bones. 




The axial part of the niesodcrm of the limb bud becomes condensed and converted 
into its cartilamnOuB skeleton, and by the ossification of this the bones of the limbs 
aie formed. By the sixth week the three chief divisions of the limb are maiked 
off by furrows — the upper into arm, forearm, and hand , the lower into thi<?h, leg, 
and foot (fig 116) Thehmbsare 

at fiist directed backwards neailv 146. — ^Embryo of about six ueeks. (His.) 

paiallel to the long axis of tlie 
tiunk, and each presentb two 

surfaces and two borders. Of the yPuwa 

burfaccb, one — the future flexor g ^ / 

surface of the limb — ^is directed | ' 

ventrally , the other, the extensor I 4 ’ ^ ^ 

surface, dorsally ; while one I ^ 

bord.ei, the 'pre-axial, Iboks for- ^ V Ivl 1 

ward towards the cephahe end of ^ 1 

the embryo, and the other, the 1 

jDOSt-axialy backwards towards the \ 

caudal end. The external con- 4— J mr hmb 

dyle of the humerus, the radius 1 

and the thumb he along the pie- Vigiisi^ J 

axial border in the case of the \ mi S J 

upper hmb, and the internal \ JBL J m 

condyle of the femur, the tibia m 

and the great toe along the corre- jf 

spending border of the lower ^ Jtf . Jr 

hmb. The pre-axial part is r 

denved from the antenor seg- 
ments, the post-axial from the 
posterior segments of the limb bud, UnMioal coid 

and this explains, to alarge extent, 

the innervation of the adult hmb, the nerves of the more antenor segments being 
distributed along the pre-axial (radial or tibial), and those of the more postciior 
along the post-axial (ulnar or iibular) border of the limb. The hmbs next undergo 
a rotation or torsion through an angle of 90° around their long axes, the rotation 
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being efEectod almost entirely at the limb girdles. ^ In the upper limb the rotation 
is outwards and forwards ; in the lower Emb, inwards and backwards. In this 
manner the pre-axial (jradial) border of the fore-limb is directed outwards, while 
the pre-axial (tibia!) border of the hind-limb is directed inwards ; thus the flexor 
surface of the fore-limb is turned forwards, and that of the hind-limb backwards. 

The Joints. — The mesoderm from wlxich tho different parts of the skele- 
ton are formed at first shows no differentiation into masses corresponding with 
the individual bones. Thus continuous cores of mesoderm form the axes of the 
limb-buds and a continuous column of mesoderm the future vertebral column. 
The first indications of the bones and joints are circumscribed condensations of 
the mesoderm ; these condensed parts become chondrified and finally ossified 
to form the bones of the skeleton. The intervening non-condensed portions 
consist at first of undifferentiated mesoderm, which may develop in one of 
three directions. It may bo converted into fibrous tissue as in the case of the 
skull bones, a sjm arthrodial joint being the result, or it may become partly 
cartilaginous, in which caso an amphiarthrodial joint is formed. Again, it may 
become looser in texture and a cavity ultimately appear in its midst ; the (*ells 
lining the sides of this cavity form a synovial membrane and thus a diarthrodial 
joint is developed. 

Tlie tissue surrounding the original mesodermal core forms fibrous sheaths 
tor the developing bones, i.e. periosteum and perichondrium, which are continued 
between tho ends of the bones over the synovial membrane as the capsules of the 
joints. These capsules are not of uniform thickness, so that in them may be 
recognised specially strengthened bands which are described as ligaments. Thi'^, 
however, is not the only method of formation of ligaments. In some cases by 
modification of, or derivations from, the tendons surrounding the joint, additional 
ligamentous bands are provided to further strengthen the articulations. In otl er 
cases (e.g. ligameiitum teres of the hip joint) a portion of muscle may be enclosed 
within the articulation and become modified to form a ligament. 

In* several of the movable joints the mesoderm which originally existed 
between the ends of the bones does not become completely absorbed — a 
portion of it persists and forms an interarticular fibro-cartilage. These inter- 
articular fibro-cartilages may be intimately associated in their development witli 
the muscles surrounding the joint (e.g. the semilunar cartilages of the knee-joint) 
or with cartilaginous elements, representatives of skeletal structures, which are 
vestigial in human anatomy (e.g, the fibro-cartilage of the sterno-clavicular joint). 

The Muscles. — The voluntary muscles are developed from the myotomes of 
the primitive segments. Portions of the myotomes retain their position on the 
side of the neural tube, where they may remain distinct from each other and 
form the short muscles of the vertebral column, or fu§e with corresponding 
portions of neighbouring myotomes to form the superficial portions of the Erector 
spinoe. Other portions of the myotomes extend into the trunk wall, where again 
they may retain their segmental condition, as in the Intercostal muscles, or may 
fuse with adjacent segments to form the flat muscles of tho abdominal wall. 
Finally, portions of tlic myotomes wander into the limb buds and there undergo 
fusions and alterations 'in form to produce the limb muscles. The original 
segmental character of the limb muscles is therefore soon lost, but their segmental 
nerve supplies are retained. Some of the limb muscles expand and migrate secon- 
darily towards the mid-dorsal line (e.g. Trapezius and Latissimus dorsi) or towards 
the mid-ventral line (e.g. Pectoralis major). Again, muscles may migrate in a 
cephalic direction (e.g, the facial muscles which are derived from the hyoid arch), 
or in a caudal direction (e.g. the Serratus magnus). In all cases the muscles carry 
with them the segmental nerves of the myotomes, from which they were origin- 
ally denved ; two examples of this will suffice, viz. : the Diaphragm, which is . 
derived from the third and fourth, and the Serratus magnus, from the fifth, sixth, 
and seventh cervical segments as is indicated by their nerves of supply. In man 
and the higher vertebrates many of the derivatives of tho myotomes degenerate 
and are converted into aponeuroses (e.g. epicranial aponeurosis, or the aponeuroses 
of the abdominal muscles), or ligaments (e.g. great sacro-sciatic ligament and 
external lateral ligament of tho knee). 

Tho involuntary muscles are derived from the splanchnopleure mesoderm. 

The Skin, Glands, and Soft Farts. — The epidermis and its appendages, 
consisting of the hairs, nails, sebaceous and sweat "glands, arc developed from the 
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ectoderm, while the ooiitim or true skin is of mesodermal (wigin, being derived 
from the cutiB-plates of the p'^itive segments. About the fifth week the 
epidermis consists of two layers of cells, the deeper one co:^esponding to the rete 
mucosum. The subcutaneous fat appears about the fourth month, and the 
papillflB of the true skin about the sixth. A coiisiderable desquamation of 
epidermis takes place during foetal life, and this desquamated epidermis, mixed 
with a sebaceous secretion, constitutes the vervCix caaeosa, with which the skin 
is smeared during the last three months of foetal life. The nails are formed at the 
third month, and begin to project from the epidermis about the sixth. The hairs 
appear between the third and fourth months in the form of solid dqwngrowths 
of the deeper layer of the epidermis, the growing extremities of which become 
inverted by papillary projections from the corium. The central cells of the 
solid downgrowth undergo alteration to form the hair, while the peripheral 
cells are retained to form the lining cells of the follicle. About the fifth month, 
the foetal hairs {lanugo) appear, first on the head and then on the other 
parts ; they drop off after birth, and give place to ijie permanent hairs. The 
cellular structures of the sudoriferous and sebaceous glands are formed from 
the ectoderm, while the connective tissue and blood-vessels are derived from the 
mesoderm. 

The mammary gland is also formed partly from mesoderm and partly from 
ectoderm — its blood-vessels and connective tissue being derived from the former, 
its cellular elements from the latter. Its first rudiment is seen about the third 
month, in the form of a number of small inward projections of the ectoderm, 
which invade the inesoderm ; from the8(‘, secondary tracts of cellular elements 
radiate and subsequently give rise to the glandular follicles and ducts. The 
development of the follicles, however, remains imperfect, except in the adult 
female. 

i)p:velopm:ent op the nervous systei^ and sense organs* 

XJhc entire nervous syst em is oi g etnclormal ojjgjn^ and its fixat mdunent is 
seen in the neural groove which extends^alwig the dorsal aspect of the embryo 
(fig. ICfS). "By fbe 'ereVation and ultimate fusion of the medullary folds, the groove 
is converted into the aaujri’tobe (fig. 111). Tlm-antezior end of the neural tube 
becomes expanded to form the three pximaiy br^in-vesielc*;. which arc subse- 
quently modified to form the ventricular cavities of the brain (except the fifth) ; 
the rem^iindcr of the tube forms the central canal of the spinal cord (fig. 147). 
From its surrounding wall the nervous elements and the neuroglia of the brain 
and spinal cord are (lev(»loped. 

Thtet Spinal. Cord. — At first the wall of the neural tube is composed of a siiiglc 
layer of columnar ectolt^rmaT cells. Soon the. lateral parts of the wall become 
thiciejied, wliile the dorsal and, ventral parts remain thin, and arc named the 
roof aud ^ogr ji>lalcs (figs. 147, 149). A transverse section of the tube at this stage 
presents an oval outline, whiles its lumen has the appearance of a slit. TlMLOells 
which constitute the wall of the tube are differentiated into two sets : viz. 
(a) spo ngi c M as t 'S or young neuroglia -cells, and which are the parents 

of the neuroblgal? or young nerve-cclls (fig. 148). The ^popgio blasts are ftlongatcd 
and columnar, and e 3 (;t 0 nd from the liunen of the tube to its peripheral wall — 
fheir inner and outer ends being modified to form the inner and outer limiting 
membranes of the cord: ThcpajctsiQf the spongjioblasts abutting against the central 
canal retain their columnar character, and ultimately form the layer of columnar 
ciliated epith^um which lines this canal. Their outer parts, on the other hand, 
undergo ramification and form, a sponge^Uke network, termed the vnydospongiumf 
from, which the .neuroglia or sustentaev^r tissue of the cord is developed. The 
branching of the spongioblasts is most marked near the periphe^ the cord, and 
this outer part, in consequence, assumes the appearance of a fine* reticulum. 

Tlh© large, round or oval, and fijsj^^^mftke their Appearance 

between the inner ends of the neurogliATOfilla on the iSi^^ «q>eots the oentral 
cssPaL They increase rapidly in number, so that by the fourth week they form 
an almost continuous layer on each side of the tube. N,o germinal cdls are found 
in the XQpl cm; .flooPnplatoS’S the roof-plate retains, in certain regions of the brain, 
its epithelial character ; dsewhere, its cells become spongioblasts. The nuclei 
of many of ' aellfr indicating that the cells 
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appearance. The widest part oi the caaal servee to subdivide the laterid waH of 
iJtte neural tube into a dofsol or oJor, and a oenero! or hasdl lamim (fig. 149), a 
Wbdiviaion which ext^t forwards into the brain. 

Thft the mantle layer becomes thickened, apd on cross-section 

appears as a triangular patch between the marginal and ependymal layers. Tlus 
thickening is the roddment of the anterior horn of grey matter, and containamany 
neuioUasts, the" am-cylindem oi which pass out the margipal layer and 

form the antaiiai roots of the spinal nerves (figs. 147, 149). The thickening of the 
mantle layer gradually extends in a dorsal direction, and forms the posterior horn 
Ql.®ey. matter. The axons of many of the neuroblasts in the alar lamma pass 
forwa^~ and cross in the floor-plate to the opposite side of the cord ; these form 
the rudiment of the anterior white commissure of the cord. 

The anterior and lateral white columns of the spinal cord consist at first of 
the axons of the ncuroblasts ; they are, however, at a later stage, lar^ly 
augmented by the p 3 rramidal tracts which descend from the cerebral cortex. The 
fibres of the postenor nerve-roots grow inwards into the spinal cord from the ceUs 
of the spinal ganglia ; in the spinal cord of a six months foetus they form a well- 


Fig. 149. — Transverse sections through the spinal cords of human embryos; 
A, about four and a half weeks old. b, about three months old. (His.) 
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defined oval bundle in the peripheral part of the alar lamina. With the subsequent 
development of the postenor horn of grey matter this bundle is displaced inwards 
and forms the rudiment of the postenor column. 

By the growth of the antenor homs of grey matter, and by the increase in 
size of the anterior columns, a furrow is formed between the lateral halves of the 
cord anteriorly ; this gradually deepens to fonn the anterior median fissure. The 
mode of formation of the posterior fissure is somewhat uncertain. Many believe 
that it is produced by a growing together of the walls of the posterior part of the 
central canal. Robinson ♦ traverses this view, and points out that the so-called 
posterior fissure is occupied by a fibrillated tissue, which is probably of a spongio- 
blastic origin, since its fibrils can be traced directly into the posterior grey 
commissure. 

Up to the fourth month of foetal life the spinal cord occupies the entire length 
of the ^inal canal, and the spinal nerves pass outwards at right angles from the 
cord. From this time onwards, the vertebral column grows more rapidly than the 
cord, and the latter, being fixed above through its continuity with the brain, 
gradually assumes a higher position within the canal. By the sixth month its 
lower end reaches only as far as the upper end of the sacral canal ; at birth it is 


* Studi&s in Anatoviy, OweDs College, 1891 
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on a levd with the third lumbar Yerteti|A» and in the adult it terminates at the 
lower border of the first or upper bordet of the second lumbar vertebra. A delicate 
filament, the flum Mminale, extends from its lower end as far as the coccyx. 

The Spinal Nerves.^Each spinal nerve is attached to the cord by an anterior 
or ventral and a posterior or dorsal root. 

The fibres of the anterior roots are formed by the axons of the neuroblasts 
which lie in the ventral part of the mantle layer ; these axons grow out through 
the overlying marginal layer and become grouped to form the anterior nerve- 
roots (fig. 147). 

The fibres of the posterior roots are developed from the cells of the spinal 
ganglia. Before the neural groove is closed to form the neural tube a ridge of 
ectodermal cells, the ganglion ridge or neural crest (fig. 160), appears along the 
prominent margin of each medullary lamina. When the laminae meet in the 
middle line the two ganglion ridges fuse and form a wedge-shaped area along 
the line of closure of the tube. The cells of this area proliferate rapidly 
opposite the primitive se^ents and then migrate in an outward and ventral 
direction to the sides of the neural tube, where they form a series of oval- 
shaped masses, the future spinal ganglia. These ganglia are arranged sym- 
metrically on the two sides of the neural tube and, except in the region of the 
tail, are equal in number to the primitive segments. The cells of the ganglia 

are at first round or oval in 
Fig. 150 . — Two stages in the development of the shape, but soon assume the 
neural crest in the human embryo. (Lenhossek.) form of spindles the extremities 

of which gradually elongate into 
central and peripheral jiroccsses. 
The central processes grow in- 
wards and, becoming connected 
with th(‘ neural tube, consti- 
tute the fibres of the posterior 
nerve-roots, while the peripheral 
processes grow outwards to 
mingle with the fibres of the 
anterior root in the spinal 
nerve. As development pro- 
ceeds the original bipolar form 
of the cells changes ; the two 
processes become approximated 
until they ultimately arise from 
a single stem in a T -shaped 
manner. Only in the ganglia of 
the auditory nerve is the bipolar 
form retained. 

The anterior or ventral and 
the posterior or dorsal nerve- 
roots join immediately beyond the spinal ganglion to fonn the spinal nerve, 
which then divides into anterior, posterior, and visceral divisions. The anterior 
and posterior divisions proceed directly to their areas of distribution without 
further association with ganglion cells. The visceral divisions are distributed to 
the thoracic, abdominal, and pelvic viscera, to reach which they pass through 
the sympathetic cord, and many of the fibres form arborisations around the 
ganglion cells of this cord. Visceral branches are not given off from all the spinal 
nerves ; they fonn two groups, viz. : (a) thoracico-lumhar, from the first or 
second thoracic to the second or third lumbar nerves ; and (6) pelvic, from the 
second and third, or third and fourth sacral nerves. 

The ganglia of the sympathetic system are generally regarded as being 
developed as offshoots from the ganglia on the roots of the cranial and spinal 
nerves. 

The Brain. — The brain is developed from the anterior end of the neural tube, 
which at an early period becomes expanded into three vesicles, the primary cerebral 
vesicles (figs. 110 and 135). These are marked off from each other by intervening 
constrictions, and are named the fore-lrain, the mid-hrain, and the hind-brain 
(fig. 164) — the last being continuous with the spinal cord. As the result of 
unequal growth of these different parts three flexures are formed and the 
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embiTonic brain becomes bent on a somewhat zigsag fashion ; the two 

earliest flexures are ooneave ventrally^ alkd; are associated with corresponding 
flexures of the whole head. The first flexure appears in the region of the mid- 
brain, and is named thn (fig. 165> By means of it the 

fore-brain is bent in a ventral direction around the anterior end of the 
notochord and fore-gut, with the result ' that the floor^of the fore-brain 
comes to lie almost parallel with that of the hind-brain (fig. 165). This 
flexure causes the mid-brain to become, for a time, the most prominent part 
of the brain, since its dorsal surface corresponds with the convexity of the curve. 
The second bend appears at the junction of the hind-brain and spinal cord. This 
is termed the c&rviaal . flexure (fig. 157), and increases from the third to 
the end of the fifth week, when the hind-brain forms nearly a right angle with the 
spinal cord ; after the fifth week erection of the head takes place and the cervical 
flexure diminishes and disappears. The third bend is named the j^exure 

(fig. 157). because it is found in the region of the future pons Varolii. It 
differs from the other two in that (a) its convexity is forwards, and (b) it does not 
affect the head. The lateral walls of the brain-tube,*like those of the spinal cord, 
are divided by internal furrows into alar or dorsal and basal or ventral laminae. 

The hind-brain or rhombencephalon.*— The cavity of the hind-brain beconies 
the fourth ventricle. At the time when the primary cephalic flexure makes its 
appearance, the length of the hind-brain exceeds the combined lengths of the other 
two vesicles. Immediately behind the mid- 

brain it exhibits a marked constriction, the isi.-Magram to illustrate the 

isthmus rhomhencephalt (fig. 154, Isthmus), ^lar and Wl laniinie of brain 

which is best seen when the brain is viewed vesicles. (His.) 

from tlie dorsal aspect. From the isthmus 
the valve of Vicussens or superior medullary 
and the superior peduncles of the 
cerebellum are formed. It is customary to 
divide the rest of the hind-brain into two 
parts : viz. an upper, called the meten- 
cephalon, and a lower, the myelencephalon. 

The cerebellum is developed by a thicken- 
ing of tin', roof, and the pons by a thicken- 
ing in the floor and lateral walls of the 
metencephalon. The floor and lateral walls 
of the myelencephalon are thickened to fonn 
the medulla oblongata ; its roof remains 
thin, and, retaining to a great extent its 
epithelial nature, is expanded in a lateral 
direction. Later, by the growth and back- 
w^ard extension of the cerebellum, the roof 
is folded inwards towards the cavity of the fourth ventricle ; it assists in com- 
pleting the dorsal wall of this cavity, and is also invaginated to form the 
epithelial covering of its choroid plexuses. Abov<^ it is continuous with the 
inferior medullary velum ; below, with the obex and ligulse. 

The development of the medulla oblongata resembles that of the spinal cord, 
but at the same time exhibits otic or two interesting modifications. On transverse 
section the myelencephalon at an early stage is seen to consist of tw’o lateral walls, 
connected across the middle line by floor and roof plates, as in the cord (figs. 162 
and 153). Each lateral wall consists of an alar and a basal lamina, separated by 
an internal furrow, the remains of which are represented in the adult brain by 
the foyesB on the floor of the fourth ventricle. The contained cavity is more or 
less triangular in outline, the base being formed by the roof-plate, which is thin 
and greatly expanded transversely. Pear-shaped neuroblasts are de'^eloped in 
the alar and basal lamin®, and their narrow stalks are elongated to form the axis- 
cylinders of the nerve-fibres. Opposite the furrow or boundary between the alar 
and basal laminse a bundle of nerve-fibres attaches itself to the outer surface of 
the alar lamina. This is named the tractus soUtarius (fig. 153), and is formed by 
the sensory fibres of the glosso-pharyngeal and vagus nerves. It is the homologue 
of the oval bundle seen in the cord, and, like it, is developed by an ingrowth 
of fibres from the ganglia of the neural crest. At first it is applied to the outer 
surface of the, alar lamina, but it soon becomes buried, owing to the growth over 
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it of the neiglibotiiinff parte. By the Mh.week the dorsal part of the alar lamina 
bends in an outwara direction alone ita entire length,- to form what is termed 
the rhombic Up (figs. 153, Wi&izi a few days this lip becomes applied to, 

and unites with, the aater the main part of the alar lamina, and so 

covers in the tractus solitarius akd also the spinal root of the fifth nerve. 

Neuroblasts accumulate in 
the mantle layer : those in the 
basal lamina correspond with the 
cells in the anterior horn of the 
spinal cord, and, like them, give 
origin to motor nerve-fibres ; in 
the medulla they are, however, 
arranged in groups or nuclei, 
instead of forming a continuous 
column. From the alar lamina 
and its rhombic lip, neuroblasts 
migrate into the basal lamina, 
and become aggregated to form 
the olivary nuclei, while many 
send their axis-cylinders through 
the floor-plate to the opposite 
side of the medulla, and thus 
constitute the rudiment of the 
raphe of the medulla. By 
means of this thickening of the 
ventral portion of the medulla 
the motor nuclei are buried 
deeply in the interior, and, in 
the adult, arc found close to the 
floor of the fourth ventricle. This is still further accentuated : (a) by the 
development of the anterior pyramids, which are formed about the fourth 
month by the downward growth of the motor fibres from the cerebral cortex ; 
and (h) by the fibres which pass to and from the cerebellum.'' 

The pons Varolii is developed from the ventro-lateral wall of the metencephalon 
by a process similar to that which has been described for the medulla. 

Fi( 5. 153. — Transverse section of medulla oblongata of human embryo. 

(After His.) 
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The cerAellum is developed in the roof of the anterior part of the hind-brain 
(figs. 1 54, 157) . The alar laminae of this region become thickened to form two lateral 
plates which soon fuse in the middle line and produce a thick lamina which roofs 
in the upper part of the cavity of the hind-brain vesicle ; this constitutes the 
rudiment of the cerebellum, the outer surface of which is at first smooth and convex. 
During the second month a pair of fissures, the jfloccular fissures^ appear, one on 
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Fio. 152. — ^Transverse section of medulla oblongata 
of human embryo, x 32. (From Kollmann's 
‘ Entwickelungsgeschichte.’) 
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either side, in the posteto-latml pii* oi the lamine. aii« fiejwme continuous with 
a third fissure, the ®os«-nodtt2«f, wTOsfc ia develbped across the central part of the 
lamina. By this means a narrow area is mapped off; the central part of this 
area becomes the nodule, its lateral extremities ^e noccuH, and the intermediate 
portions the inferior medullaiy velum. Three additional furrows are soon developed. 
One, the fiasura frima of Elliot-Smith, appears as a transverse groove on the 
anterior part of the upper surface and extends into the hemispheres ; it indicate 
the precuval fissure of the adult cerebeUimi. The portion of the cerebellum in 
front of it is differentiated into the lingula, the lobus centralis, and the lobus 
culminis. The other two furrows mark off the future pyramid and are named 
the 8upra~pyr<midal and pre-fyramidal fissures. The supf a -pyramidal is the 
fissura secunda of Blhot-Smith, and forms the post-pyramidal fissure of the 
adult cerebellum. . 

During the fourth and fifth months the following fissures appear in the 
lateral hemispheres: (1) the post-lunate, between the posterior crescentic and 
postero-supenor lobes; the union of the two post-lunate fissures across the 
middle line forms the post- 

clival fissure which constitutes Fig. 154. — Exterior of brain of human embryo of 


the posterior boundary of the 
lobus clivi ; (2) the para- 

pyramidal^ which blends with 
the post-pyramidal and separates 
the lobus tuberis from the lobus 
P3rramidis ; (3) the post-tonsillar, 
between the biventral lobe and 
the amygdala or tonsil ; this 
becomes continuous with the pre- 
pyramidal, and with it forms the 
posterior limit of the lobus uvulm ; 
(4) the great horizontal fissure) 
although an important land- 
mark in the adult cerebelluin, 
this fissure does not a^ear until 
about the end of the fifth month, 
and from a developmental point 
of view is therefore of secondary 
interest. Some observers main- 
tain that the folium cacuminis, 
which connects the postero- 
superior lobes across the middle 
line, is not developed until after 
birth, while others assert that 
it is present at the sixth month 
of foetal life. On the ventri- 
cular surface of the cerebellar 
lamina a transverse furrow, the 


four and a half weeks. (From model by His.) 



indsura fastigii, appears, and 

deepens to form the tent-like recess of the roof of the fourth ventricle. The 
rudiment of the cerebellum at first projects in a dorsal direction ; but, by the 
backward growth of the cerebrum, it is folded downwards and somewhat 
flattened, and the thin roof-plate of the fourth ventricle, originally continuous 
with the posterior border of the cerebellum, is projected inwards towards the 
cavity of the ventricle. 

The mid-brain or mesencephalon. — The mid-brain (figs. 154 to 15^) exists 
for a time as a thin- walled cavity of some size, and is separated from the 
isthmus rhombencephali behind, and from the fore-brain in front, by slight 
constrictions. Its cavity becomes relatively reduced in diameter, and forms the 
Sylvian aqueduct of the adult brain. Its basal laminae increase in. thickness 
to form the crura cerebri, which are at first of small size, but rapidly 
enlarge after the fourth month. The neuroblaats of these laminae are grouped 
in relation to the sides and floor of the Sylvian aqueduct, and constitute the 
nuclei of the third and fourth nerves, and of the descending root of the fifth 
nerve. By a Bunilai thickening process its alar laminae are developed into the 
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coipora quadiigemina. ^ ^he dorsal part of th^ wall for a time undergoes expansion, 
and presents an interior me^an furrow and a corresponding surface ridge ; these, 
however, disappear, and the latter is replaced by a groove. Subsequently two 
oblioue furrows extend inwatds and ;|)NM:ikwards, and the thickened lamina is thus 
suboivided into the quadrigeminiif bo£es. 

The for6-brain.~A transverse section of the early fore-brain shows the same 
parts as are displayed in similar Sections of the spinal cord and medulla oblongata, 
viz. ; a pair of tnick lateral walls connected by thin floor and roof plates. Moreover, 
each lateral wall exhibits a division into a dorsal or alar and a ventral or basal 
lamina separated internally by a furrow termed the sulcus of Monro. This sulcus 
ends anteriorly at the inner extremity of the optic stalk, and in the adult brain 
is retained as a slight groove extending backwards from the foramen of Monro to 
the Sylvian aqueduct. 

At a very early period — in some animals before the closure of the cranial 
part of the neural tujrfe*— two lateral diverticula, the optic vesicles y appear, one on 

either side of the fore-brain ; for 
Fio. 155. — Brain of human embryo of four and time they communicate^ with 
a half weeks, showing interior of fore-brain, the cavity of the fore-brain by 

relatively wide openings. The 
peripheral parts of the vesicles 
expand while the proximal parts 
are reduced to tubular stalks, the 
optic stalks. The optic vesicle 
gives rise to the retina and the 
epithelium on the back of the 
ciliary body and iris ; the optic 
stalk is invaded by nerve-fibres 
to form the optic nerve. The 
fore-brain then grows forwards, 
and from the alar laminae of this 
front portion the cerebral h(*.mi- 
spheres originate as diverticula 
which ra|lidly expand to form 
two large pouches, one on either 
side. The cavities of these 
diverticula are the rudiments of 
the lateral ventricles ; they com- 
municate with the mesial part 
of the fore-brain cavity by re- 
latively udde openings, which 
ultimately form the foramen of 
Monro in the adult brain. The 
mesial portion of the wall of 
the fore-brain vesicle consists of 
a thin lamina, the lamina ter- 
minalis (figs. 155, 157), which 
stretches from the foramen of 
Monro to the recess at the base 
of the optic stalk. The anterior part of the fore-brain, including the rudiments 
of the cerebral hemispheres, is named the telencephalon y and its posterior portion 
is termed the diencephalon ; both of these contribute to the formation of the 
third ventricle. 

The d'lcncephalon. — From the alar lamina of the diencephalon the thalamus, 
metathajamus, and epithalamus are developed. The thalamus (figs. 157, 158) 
arises as a thickening which involves the anterior two-thirds of the alar lamina. 
The two thalami are visible, for a time, on the surface of the brain, but are 
subsequently hidden by the cerebral hemispheres which grow backwards over them. 
The thalami extend inwards and gradually narrow the cavity between them into a 
slit-like aperture which forms the greater part of the third ventricle ; their mesial 
surfaces ultimately adhere, in part, to each other, and the middle or grey commissure 
of the ventricle is developed across the point of contact. The metaihalamus com- 
prises the geniculate bodies which originate as slight outward bulgings of the alar 
lamina. In the adult the external geniculate body appears as an emmence on the 
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outer part of the posterior end nf the thalamus, while the internal is situated on 
the lateral aspect of the mesencephaioh% 

The epithalamus includes the pineal body, the posterior commissure, and the 
trigonum habenulae. The pineal body arises as an up^rd evagination of the 
roof-plate immediately in front of the mid-brain ; this evagination becomes solid 
with the exception of its proximal part, which persists as the recessus pinealis. 
In lizards the pineal evagination is elongated into a stalk, and its peripheral 
extremity is expanded into a vesicle, in which a rudimentary lens and retina are 
formed; the stalk becomes solid and nerve-fibres make their appearance in it, 
so that in these animals the pineal body forms a rudimentary eye. The posterior 
commissure is formed by the ingrowth of fibres into the depression behind and 
below the pineal evagination, and the trigonum habenulee is developed in front 
of the pineal recess. 

From the basal laminfc of the diencephalon the pars mamillaria hypothalami 
is developed ; this comprises the corpora mamillaria and the posterior part of 
the tuber cinereum. The corpora mamillaria arise as a median thickening, 
which becomes divided into two by a mesial furrow during the third month. 

Fia. 156. — Exterior of brain of human embryo of five weeks. 

(From model by His.) 
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pe TOof-pkte of thediencephalon.in front of the pineal body, remains thin and 
emthehal in character, and is subsequently invaginated by tlie choroid plexuses 
01 the third ventricle. 

The td^phalon.—Thm consists of a median portion and two lateral diverticula 
one on either side. The median portion forms the anterior part of the cavity of 
the tkrd ventncle, and is closed below and in front by the lamina terminaUs. 
Ih^ateral diverticula consist of outward pouchings of the alar lamin® ; tl»e cavities 
represent Aelateralventncles, and their walls become thickened to form thenervous 
mtter of the cerebral hemispheres. The roof-plate of the telencephalon remains 
ton, and is continuous in front with the lamina terminaUs and behind with the 
diencephalon. In the basal laminie and floor-plate the pars 
IS developed ; this comprises the anterior part of the tiber 
enmroum, the mfundibulum and posterior lobeof the pituitary body, and the optic 
“tenor part of the tuber dnereum isderiv^ from the posterior 
tlid T>i<- •+ ® the telencephalon. The infundibulum and posterior lobe of 

line pitmtary body arise as a downward diverticulum from the floor. The most 



m EtIBBYOLdQY 

dependent part of tlie diverticalnm becomes telid end foims the noeteiior lobe 
of the pituitaiy body;'^the anterior? lobe "of this body is developed ftom a 
diverticulum of the ectodermal lirdng of the stomatodasum (page 165). The 
optic commissure is dbvelq^^ by the meeting and partial decussation of the 
optic nerves, which subsequenfly grow backwards as the optic tracts and terminate 
in the diencephdon. 

The cerebral hemiepheree . — ^As already stated, these arise as diverticula of the 
alar laminae of the telencephalon (figs. 154 to 157) ; they increase rapidly in 
size and ultimately overlap the parts which are developed from the mid- 
and hind-brains. This ^eat expansion of the hemispheres is a charac- 
teristic feature of the brains of mammals, and attains its maximum develop- 
ment in the brain of man. Elliot-Smith (hvides each cerebral hemisphere into 
three fundamental parts, viz. : the rhinencephalon, the corpus striatum, and the 
neopallmm. 

The rhinencephalon (figs. 154, 156) represents the oldest part of the 
telencephalon, and forms almost the whole of the hemisphere in fishes, 
amphibians, and reptiles. Ip man it is feebly developed in comparison with 

Fic 4. 157. — ^Interior of brain of human embryo of five weeks. 

(From model by His.) 
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the rest of the hemisphere, and comprises the following parts, viz. : the 
olfactory lobe (consisting of the olfactory tract and bulb and the trigonum 
olfactonum), the locus perforatus anticus, the septum pellucidum, the subcallosal, 
supracallosal, and dentate gyri, the fornix, the hippocampus, and the uncus , 
the last is the representative of the large pynform lobe of the lower animals. 
The olfactorv lobe appears as a longitudinal ndge, with a corresponding internal 
furrow, on the under surface of the hemisphere close to the lamina terminalis. 
This ridg^ becomes divided by a groove into an anterior and a posterior part. 
The anterior grows’forwards as a hollow stalk the lumen of whicn is continuous 
with the anterior part of the ventricular cavity. The stalk becomes solid and 
forms the rudiment of the olfactory bulb and tract ; a strand of gelatinous tissue 
in the interior of the bulb indicates the position of the original cavity. From the 
posterior part the locus perforatus anticus and gyrus subcallosus are developed. 
The position and connections of the remaining portions of the rhinencephalon 
are described with the anatomy of the brain. 

The corpus striatum (figs. 155, 157) appears in the fourth week as a triangular 
thickeningof the wall of the telencephalon between the optic recess and the foramen 
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of Monro. It increaseB in V it® seconAmoi^ as aswelliAg in the floor 

of the future lateral ventricle ; this itrelling reaches as far as the postenor end of 
the primitive hemisphere, and as a consequemce when this part of the hemisphere 
grows backwards and downwards to form the tem,pc»4^ lobe, the posterior part of 
the corpus striatum is carried into the roof of the descending horn, where it is seen 
as the tail of the caudate nucleus in the adult brain. During the fourth and fifth 
months the corpus stiiatum becomes incompletely subdivided by the fibres of the 
internal capsule into two masses, an inner, the caudate nucleus, and an outer, 
the lenticular nucleus. In front, the corpus striatum is continuous with the grey 
matter of the locus perforatus anticus ; externally it is confluent for a time with 
that portion of the wall of the vesicle which is developed into the island of 
Reil, but the continuity is subsequently interrupted by the fibres of the external 
capsule. 

The neopalhum forms the remaining, and by far the greater, part of the 
cerebral hemisphere. It consists, at an early stage, of a relatively large, more or 
less hemispher^al cavity — ^the primitive lateral ventricle— enclosed by a thin wall 

Fio. 158.— Median section of brain of human embryo of thicc months. 

(Fiom mod#^! by His.) 
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from which the grey cortex of the hemisphere is developed. The vesicle expands 
in all directions, but more especially upwards and backwards, so that by the third 
month the hemispheres co\er the diencephalon, by the sixth they overlap the 
mid-brain, and by the eighth the hind-brain. 

The hemispheres are separated by a deep cleft, the forerunner ol the great 
longitudinal fissure, and this cleft is occupied by a septum of mesodermal 
tissue which constitutes the primitive falx cerebri. Coincidently with the 
expansion of the vesicle, its cavity is drawn out into three prolongations which 
lepresent the horns of the future lateral ventncle ; the posterior extrenuty of 
the vesicle is carried downwards and forwards and forms the descending horn, 
the posterior horn being produced somewhat later, in association with the back- 
ward growth of the occipital lobe of the hemisphere. The roof-plate of the 
fore-brain remains thin and of an epithelial character , it is invaginated 
into the ^ lateral ventncle along the mesial wall of the hemisphere. This 
invagination constitutes the choroidal fissure, and extends from the fora men of 
Monro to the posterior end of the vesicle. Mesodermal tissue, continuous with 
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that o! the septum in the fissute between the hemispheres, and carrying blood- 
vessels with it, spreads between the two layers of the mvamnated fold and 
forms the rudiment of the velum mterpositum , the margins of the velum become 
" highly vascular and form the choroidal 

Fig. 169. — Outer suiface of cerebral plexuses which for some months corn- 

hemisphere of hrdnan embryo of about pletcly fill the ventncular cavities. By 
five months. the downwaid and forward growth of 

Fionto parietal the posterior end of the vesicle to form 

operculum temporal lobe the choroidal fissure 

finally reaches from the foramen of Monro 
to the extremity of the descending horn 
of the ventiicle. The portion ot the 
ceiebral wall immediately abo\e the 
choroidal fissure logins what is termed the 
hippocampal formation, and in the adult 
IS lepiesented by the supia-callosalgyius, 
the hippocampus, and the gyrus deiitatus 
The outer surface of the hemisphere 
IS at first smooth, but later it exhibits 
a numbei of elevations oi convolutions, 
separated from each othei by fuiiows oi 
fissuies The fissuies, most of which 
make their appe nance during the sixth 
oi seventh months ot foetal life aie 
di\ided into (a) complcU , which lesnlt 
1 iouial opeKuhim tiom foldings of the entire thickness of 

the cerebral w ill, and thus pioduce 
eoircsponding emuunces in the MntiKulai cavity, and (h) incomplete, affecting 
only the superficial pait of the will and theretoie leaving no impiessions in 
the ventricle The complete fissures aie the hippocampal or dentate, 
the collateral and the anteiioi part of the ( ilcaiine, and these give rise 
respectneh to the following eminences in the ventiicle, viz the hippo 
campus maioi, the cmmentia collateialis, and the calcii a\is or hippocampus 
minor The Syhian fissure is sometimes described as a complete fissuie but, 
stnctlv speaking, this is not comet It fust appeals as a depression, the Htjlvian 




fossa, on the outer surface of the hemisphere (fig. 159) , this fossa corresponds with 
the position of the corpus stnatum, and its floor is moulded to form the island 
of Eeil The intimate connection which exists between the cortex of the island 
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* and the subjacent coipufl striattijafjpreVutiilii ^hisjM^ the hemisphere wall from 
expanding at the same rate as the portions whicff surround it. The neighbouring 
parts of Sie hemisphere therefore gradually grow over and cover in the island, 
Lid constitute the temporal, fronto-parietal, frontal, and drbital opercula of the 
adult brain. By the end of the first year after birth the island is completely sub-, 
merged by the approximation of the opercula. The fissures separating the opposed 
margins of the opercula constitute the composite fissure of Sylvius. 

The commissures (fig. 160). — The development of the middle (page 122) and 
posterior (page 123) commissures has already been referred to. The great com- 
missures of the hemispheres, viz. ; the corpus callosum, the fornix, and anterior 
commissure, arise from the lamina terminalis. About the fourth month a small 
thickening appears in this lamina, immediately in front of the foramen of Monro. 
The lower part of this thickening is soon constricted off, and fibres appear in it 
to form the anterior commissure. The upper part continues to grow with the 
hemispheres, and is invaded by two sets of fibres. Transverse fibres, extending 
between the hemispheres, pass into its dornal part, which is now differentiated 
as the corpus callosum. Into the ventral part longitudinal fibres from the hippo- 
campus pass to the lamina terminalis, and through that structure to the corpora 
rnamillaria ; these fibres constitute the fornix. A small portion of the original 
thickening, lying aniero-inferiorly between the corpus callosum and fornix, is not 
invaded by the commissural fibres ; it remains thin, and later a cavity forms in 
its interior. The cavity is the so-called fifth ventricle, and its bounding walls the 
septum pellucid n m . 

A siiTumary of the parts derived from the brain vesicles is given in the following 
table : — 


[ 1 . M yelciicephalon 

3. Isthmus rhomb- 
encephali 


Mid-brain or mesencephalon . 


1. Diencephalon 


Fore-brain 


2. Telencephalon 


I Medulla oblongata 
I Lower part of fourth 
' ventricle. 

[ Pons Varolii 
J Cerebellum 
I Upper part of fourth 
' ventricle. 


j Valve of Vioussens 
Superior peduncles of 
I cerebelJnin. 

Crura cerebri 
Corpora quadrigemina 
Aqueduct of Sylvius. 
Thalamus 
Metathalamus 
Epithalamus 
^Pars rnamillaria hypo- 
thalami 

Posterior part of third 
ventricle. 

Anterior part of third 
ventricle 

Pars optica hypo- 
thalami 

Cerebral hemispheres 
Lateral ventricles 
Foramen of Monro. 


The Cranial Nerves. — With the exception of the olfactory and optic nerves, 
which will be specially considered, the cranial nerves are developed in a similar 
manner to the spinal nerves (see page 118). The sensory or afferent nerves are 
derived from the cells of the ganglion rudiments of the neural crest. The central 
processes of these cells grow into the brain and form the roots of the nerves, while 
the peripheral processes extend outwards and constitute their fibres of distribu- 
tion. It has been seen, in considering the development of the medulla oblongata 
(page 119), that the tractus solitariua (fig. 162), derived from the fibres which, 
grow inwards from the ganglion rudiments of the glosso-pharyngeal and vagus 



It tike IjMMQiii of iihe oeol bundle in cord wbioh bad its origin 
in ihc p<^£iQdr The motor or efferent nerves arise as outmvrths 

of the nettroblasts eitnated in the btsal laminsd of the mid- and hind-brain. 
While, however, the a&teiior spinal nerve^ots arise in one series from the basal 

lamina, theotanial motor nerves 
are grouped into two sets, 
according as they spring from 
the mesial or lateral parts of the 
basal lamina. To the former set 
belong the third, fourth, sixth, 
and twelfth nerves ; to the 
latter, the eleventh and the 
motor fibres of the fifth, seventh, 
mnth, and tenth nerves (figs. 
161, 162). 

The Nose. — The development 
of the nose has already been con- 
sidered (pages 110, 111). 

The olfactory nerves are de- 
veloped from the cells of the 
ectoderm which lines the olfac- 
tory pits ; these cells undergo 
prohferation and give nse to 
what are termed the oJJ actor y 
cells of the nose The axons of 
the olfactory cells grow into 
the overljnng olfactory bulb and 
form the olfactory nerves. 

The Eye. — The development of the eyes commences by the protrusion of a 
pair of diverticula from the lateral aspects of the fore-bram. These diverticula 
are known as the optic vesicles , they project towards the sides of the head, and 
the peripheral part of each expands to form a hollow bulb, while the pioximal 
part remains narrow and constitutes the optic stalk (figs 163, 164) The ecto- 
deim of the surface of the embryo in the area oveilymg the bulb becomes 
thickened, invagiiiated, and finally severed from the ectodermal coveiing of the 


Eig. 161. — ^Transverse section of medulla oblongata 
of human embryo* x 82. (From Kollmann’s 
* Entwiokelungsgesohiohte.*) 
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Fig 162 — Transverse section of medulla oblongata of human embi>o 
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head as a vesicle of cells, the lens vesicle^ which constitutes the rudiment of the 
crystalhne lens. The outer wall of the bulb is indented by the lens rudiment and 
invaginatod until it comes into contact with the inner wall ; the bulb is thus 
converted into a cup, the optic cup, consisting of two strata of cells (fig. 164). 
These two strata are continuous with each other at the cup margin, which 
ultimately overlaps the tiont of the lens and reaches as far forward as 



: the future apertulT^ of ike pupil. The iavagiJtihWi '."ie not Uiulted to 
; the outer wall of the bulb, but involves also its postero-inferior surface and 
extends in ^e form of a groove for some distance along the optic stalk, so 
f that, for a time, a gap or fissure, the choroidal Jlasure, exists^in the lower part of the 
cup (fig. 165). Through the groove aUd fissure the mesoderm extends into the optic 
sttuk and cup, and in this mesoderm a blood-vessel is developed ; when the groove 
and fissure are closed this vessel forms the central artery of the retina. Some- 


Fia. 163. — ^Transverse section of head of chick embryo of forty-eight hours’ 
incubation. (From Duval’s ‘ Atlas d'Embryologie.’) 



times the choroidal fissure reniiiiiis patent, giving rise to the condition known 
as coloboma. 

The retina is developed from the optic cup. The outer stratum of the 
cup persists as a single layer of cells which assume a columnar shape, apquire 
pigment, and form the pigmented layer of the retina. The cells of the inner 
stratum proliferate and form a layer of considerable tliickness from which the 
nervous elements and the 

sustentacular fibres of tbe |(J4, — Transverse section of head ol chick embryo 

retina, together with a por- of fifty-two hours’ incubation. (From Duval’s 
lion of the vitreous body, are ‘ Atlas d’Embryologie.’) 
developed, in that portion 
of the cup w^hich overlaps 
the lens the inner stratum is 
not differentiated into ner- 
vous elements, but forms a 
layer of columnar cells which 
IS applied to the pigmented 
layer, and these two strata 
form the pars ciliaris and 
para iridica retinas. 

The cells of the inner or 
retinal layer of the optic cup be- 
come differentiated into spon- 
gioblasts and germinal cells, 
and the latter by their sub- 
divisions give rise to neuro- 
blasts. As in the spinal cord, 
the spongioblasts ramify to form Oj>ttc stalk ^ 

a myelospongiiim» from which 

the sustentacular fibres of Miiller, the outer and inner limiting membranes, together 
with the ground- work of the molecular layers of the retina are formed. The neuroblasts 
become arranged to form the ganglionic and nuclear layers. Cameron,* after careful 
study of the neuroblasts in the retina, spinal cord, and brain, maintains that they consist 
of nuclei only, and that they possess no cytoplasmic investment ; the ‘ clear protoplasm, 
which has been described as surrounding them during mitotic division, being merely the 

* Development of the Itetina in Amphibia, Journal of Anatotnuand Pliysioloay, vol. xxxix , 
1906. 
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achromatic nuclear su balance set free o\iing to the disappearance of the nuclear mem 
brane ’ He further maintains that the nuclei of the nuclear layers undergo suliBequent 
multiplication by direct division The layer of rods and cones is first developed in the 
( entral port of the optic*cup, and trom there gradually extends towards the cup*margin 

Eio. 166. Optic cup and choroidal fissure seen fiom boloi^, fiom a human embryo 
of about four weeks (Kollmann ) 




The rods and cones first appear as clear globules, which, after being protruded through 
the inner limiting membrane, lopidly mcrease in size — ^a process which would seem to 
depend on their power of digesting and absorbing the pigment from the (ells of the 
pigmented layer. 

The optic stdlk. IS conveited into the optic nerve by the obhtcration of its 
cavitv and the growth of nerve-fibres into it Most of these fibres are centripetal, 
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and grow into the optic stalk from the nerve-cells of the retina, but a few extend 
in the opposite direction and are derived from nerve-cells in the brain. 

The crystalline lens is developed from the lens vesicle, which recedes within the 
margin of the cup, and becomes separated from the overlying ectoderm by mesoderm. 
The cells forming the posterior wall of the vesicle lengthen and are converted into 
the lens-fibres, which grow forward and fill up the cavity of the vesicle. The cells 


Fia. 167. — Sagittal section of eye of human embryo of six weeks. (Kollmann.) 
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foniiiug the anterior wall retain their cellular character, and form the epithelium 
'on the anterior surface of the adult lens. By the second month the lens is invested 
by a vascular mesodermal capsule, the tunica vasculosa lentis, the blood-vessels 
of which are chiefly derivcid from the central artery of the retina ; the part of 


Fio. 168. — Section through the head of 
a human embryo, about twelve days 
old, in the region of the bind -brain. 
(Kollmann.) 

Cavity of hind-hrain 



Fig. 169. — Section through hind-brain 
and auditory vesicles of an embryo 
more advanced than that of 
6g. 168. (After His.) 


Hnid-hra in 



this capsule which covers the front of the lens is named the metnbrana pujyillaris. 
By the sixth month all the vessels of the capsule are atrophied except one, the 
arleria hyalmdea, which disappears during the ninth month ; the position of this 
artezy is indicated in the adult by the oanalis hyaloideus, which reaches from the 
• K 2 
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optic disc to the postenor surface of the lens. With the loss of its blood-vessels 
the tunica vasculosa lentis disappears, but sometunes the raembrana pupillaiw 
persists at birth, gi\ lug rise to the condition termed congenUal atresia of the pupiL 
The vitreous body is developed between the lens and the optic cup. Pnmanly 
it consists of a senes of slendei protoplasmic processes which project from the 


Fu. 170 — Lett auditory 
vesitle ot a human cm 
biyo ot lour weeks, seen 
fiom the outer suilaec 
(W . His jun ) 
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Fro 171 — Left auditory vesicle of a liuman embiyo of five 
weeks, seen fioin the outci suiface (W. His, juii ) 
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cells oltlu iiinei hi} ei of the cup, and unite to ionu a delicate icticulai tissue (Ijg J07; 
At first those piocesscs spimg horn the whole of the iimei layei of the cup, but late \ 
their oiigiiib ai(‘ limited to the cihary region, where b} a piocess of condensatioi \ 
the} appeal to foim the zonule of Zmn When the mesodeini extends into the 
tup through the choroidal fissure it becomes mliniately united with this lotjcula i 


Fit 172 — Tiansveise section through head of fatal sheep, in the 
region of the lab} ^ni h x (Aftt i Boettclu r. ) 
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tissue, and contributes to form the vitreous body, which is therefore denved 
partly from the ectoderm and partly from the mesodcim 

The anterior chamber of the eye appears as a cleft m the mesoderm separating 
the lens from the overlying ectoderm. The layci of mesoderm in front of the cleft 
forms the substantia propna of the cornea, that behind the cleft the stionm of 
the ins and the membrana pupillans. 
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The scOeiotic and ohdmd co'ats oi. the eyeball ate derived from the mesoderm 

surrounding the optic cup. i.- u i. i.v. i 

The eyelids are formed as small cutaneous folds (fig. 166), which at the end 
Of the third month come together and. unite in front of Viq globe and cornea. 
This union is broken up and wie eyelide separate before the end of foetal life. 


' Fig. 173. — ^Transverse section of the canal of the cochlea of a foetal cat. 
(After Boettcher and Ayres.) 



Fig. 174. — ^Tubercles from which the dif- 
ferent parts of the pinna arc develop(?d. 
(His.) 


The laohryirial sac and nasal duct result from a thickening of the ectoderm in 
the groove between the lateral nasal and maxillary processes. This thickening 
becomes hollowed out into a channel, and the lips of the groove meet over 
it, and convert it into a duct, which 
ex'eutually opens into the nasal fossa. 

The epithelium of the cornea and con- 
junctiva, and that which lines the ducts 
and alveoli oi the lachrymal gland, are 
of ectodermal origin, as are also tlui cye- 
hashes and the lining cells of tlie glands 
which open on the lid-margins. 

The Ear. — The first rudimejit of tln^ 
iiiterndl ear aj^pears shortly after that 
of the eye, in the form of a thickening 
of the surface ectoderm over the region 
of the hind-brain. The thickening is 
followed by an involution of the ecto- 
derm to form the auditor 1/ fit (fig. 168), 
wliich deepens and forms a flask-shaped 
cavity. The mouth of the flask is 
then closed, and tlius a shut sac, the 
auditory vesicle^ is formed (fig. 169) ; from 
it the epithelial lining of the labyrinth 
is formed. The vesicle becomes pear- 
shaped ; and the neck of the flask, or 
recessus lahyrinthiy prolonged upwards, 
forms the ductus endolymphaticus. 

From the vesicle certain diverticula are given off which form the various 
parts of the labyrinth. One from the anterior end gradually elongates, and, 
forming a tube coiled on itself, becomes the membranous canal of the cochlea, 
the vestibular extremity of which is subsequently constricted to form the 
oanalis reunions. Three others appear as disc-like eyaginatioris on the surface 
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of the vesicle ; the central parts of the wallrf bf the discs coalesce and disappear, 
while the peripheral portions persist to form the membranous semicircular canals, 
of which the external canal is the last to be developed (fip. 171, 172). The 
central part of the vesicle represents the membranous vestibule, and is subdivided 
by a constriction into a smaller anterior part, the saccule, and a larger 
posterior part, the utricle. This subdivision involves the proximal part of 
the ductus endolymphaticus, with the result that the utncle and saccule 
ultimately communicate with each other by means of a Y-shaped canal. The 


Fig. 175. — ^Left oars of human embryos estimated at thirty-five and thirty-eight days 
respectively. (After His.) 



saccule opens into the nioinbranous canal of the cochlea through the canalis 
reuniens and the membranous semicircular Cfinals communicate with the utricle. 

The iiiulitory vesicle is imbedded in a mass of mesodermal tisLSiie, which 
rapidly undergoes chondrification and ossification to form the bony labyrinth. 

The middle ear, Eustachian tube, and mastoid antrum arc developed fn)in 
the inner part of the first branchial (hyomandibular) cleft, and are closed 
externally by the mombrana tympani, which originally consists of a layer of 
ectoderm externally, and a layer of entodcrni internally ; betw^cen these two 

layers the mesoderm extends to form the 
Fjg. 176.~Pinna in a more advanced substantia propria of the membrane. With 
stage of development than those regard to the exact mode of development 

of the ossicles of the middle ear there is 
some difference of opinion. The view 
generally maintained is that the incus and 
malleus are developed from the proximal 
end of the mandibular (Meckel’s) cartilage 
(fig. 138) ; that the base of the stapes is 
formed by the ossification of the mesoderm 
which fills ill the foramen ovale, while its 
arch is developed around a small vessel, the 
stapedial artery, which subsequently under- 
goes atrophy. As already stated (footnote, 
page 108), Gadow regards all three ossicles 
as being derived from thc^ hyomandibula. 

The external auditory meatus is formed 
from the outer part of the hyomandibular 
cleft, while the pinna is developed by 
the gradual differentiation of six tubercles 
margin of the cleft. Two tubercles appear 
on the posterior edge of the mandibular arch ; these represent the rudiments 
of the tragus and crus helicis. Three are found on the hyoid arch, and indicate, 
from below upwards, the lobule, antitragus, and antihelix. One arises above the 
cleft, and grows downwards behind the antitragus and antihelix ; from it and its 
downward prolongation the upper and posterior parts of the helix are developed 
(figs. 174, 175, 176). 


represented in fig. 175. 
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DEVELOPMENT OE*' THE VASCULAR SYSTEM 

There are three distinct stages in the development of the circulatory system, 
each in accordance with the manner in which nourishment is provided for at 
different periods of the existence of the individual. In the first stage there is the 
vitelline circulation, during which nutriment is extracted from the vitellus or contents 
of the yolk-sac. In the second stage there is the 'placental circulation, during which 
nutriment is obtained by means of the placenta from the blood of the mother. 
In the third stage, com- 
mencing after birth, pia. 177. — Section through vascular area to show comraoncing 
there is the complete 
circulation of the adult, 
during which nutrition 
is provided for by the 
organs of the individual. 

Blood-vessels first 
make their appearance 
in the mesodermal wall 
of the yolk-sac, i.c. out- 
side the body of the 
embryo. Here the cells 
become arranged into 
solid strards or cords 
which join to form a close-meshed network. The peripheral cells of these strands 
become flattened and joined to each other by their edges to form the walls of 
the primitive blood-vessels. Fluid collects within the strands and converts them 
into tub(js, and the more centrally situated cells of the cell-cords are thus puslied 
to the sides of the vessels and appear as masses t)f loosely arranged cells which 
project towards the lumen of the tube. Tliese masses are termed blood islands 
(fig. 177); their cells acquire colouring matter (haemoglobin), and aro then 
detached to form the blood-corpuscles (iig. 178).* The earliest blood-corpuscles 
are all nucleated : they are also capable of subdivision and of executing amoeboid 
movements, and in these respects res(;mblc colourless blood- corpuscles. Soon, 

however, true colourless 
blood - corpuscles make 
their appearance, and, 
according to Bcard.t ^'fe 
first derived from the rudi- 
ments of the thyroid gland. 

Coiiicidently with the 
development of the blood- 
vessels in the vascular area, 
the first rudiment of the 
heart appears as a pair of 
tubular vessels which are 
developed in the splanchno- 
pleure of the pericardial 
area. These are named the 
primitive aortw, and a direct continuity is soon established between them and the 
vessels of the vascular area. Each receives anteriorly a vein — the vitelline vein— 
from the yolk-sac, and is prolonged backwards on the lateral aspect of the 
notochord under the name of the dorsal aorta. The dorsal aortse end at first on 
the yolk-sac ; but with the development of the allantois they are continued 
backwards through the body-stalk as the umbilical arteries to the villi of the 
chorion. 

By the forward growth and flexure of the head the pericardial area and the 
anterior portions of the primitive aortao are folded backwards on the ventral 

* Some observers incline to the view that the endothelium of the vessels is of entodermal 
origin. The blood -corpuscles are developed from these endothelial cells, and are therefore also 
entodermal, the sequence of the development of the different structures being : first the heart, 
then the blood-vessels, and lastly the blood-corpu'«cles. (Consult Dr. E. Mehnert’s Jiloitu'cltanih, 
Jena, 1898.) 

t AnatoniischeT A'dznger, December 1900. 


F’in. 178. — Later stage. 
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aspect of the fore-gut, and the original relation of the somatopleure and splanchno- 
pleure layers of the pericardial area is reversed, the latter being placed on the 
dorsal aspect of the fqrmer. Each primitive aorta now consists of a ventral and 
a dorsal part connected anteriorly by an arch. These three parts are named 
respectively the anterior ventral aorta, the dorsal aorta, and the first cephalic 
arch. The first cephalic arches pass through the mandibular arches, and behind 
them five additional pairs subsequently develop, so that in all six pairs of aortic 
arches are formed. The vitelline veins which enter the embryo through the anterior 
wall of the umbilical orifice are now continuous with the posterior ends of the 
anterior ventral aortse. With the formation of the tail-fold the posterior parts 
of the primitive aortse are carried forward in a ventral direction to form the 
posterior ventral aortic and primary caudal arches.* In the pericardial region the 
two primitive aortaB grow together, and fuse to form a single tubular heart 
(fig. 180), the posterior end of which receives the two vitelline veins, while from 
its anterior end the two anterior ventral aortae emerge. t By the rhythmical 
contraction of4;he tubular heart the blood is forced through the aortae and blood- 

Fig. 179. — Human embryo of about fourteen days old with yolk-sac. (After His.) 

(From KoIImann's ‘ Entwickelungsgeschichte.’) 



vessels of the vascular area, from which it is returned to the heart by the vitelline 
veins. This constitutes the vitelline circulation (fig. 179), and by means of it 
nutriment is absorbed from the vitcllus. 

The vitelline veins at first open separately into the posterior end of the tubular 
heart, but after a time their terminal portions fuse, and the two vessels com- 
municate with the heart through a common orifice. The vitelline veins ultimately 
drain the blood from the alimentary canal, and are modified to form the portal 
vein. This is caused by the growth of the liver, which interrupts their direct 
continuity with the heart ; and the blood returned by them circulates through 
the liver before reaching the heart. 

With the atrophy of the yolk-sac the vitelline circulation diminishes and 
ultimately ceases, while an increasing amount of blood is carried through the 
umbilical arteries to the villi of the chorion. Subsequently, as the non-placental 
chorionic villi atrophy, their vessels disappear ; and then the iimbihcal arteries 
convey the whole of their contents to the placenta, whence it is returned to 
the heart by the umbilical veins. In this manner the placental circulation is 

* Young and Kobinaon, Jornwil of Aimtomij and Physiology^ vol. xxxii. 
f In most fishes a"d in the amphibia the heart originates as a single median tube. 
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ostjiblisliody 8«iid by means of it nutritive materials are absorbed from, and waste 
products given up to, the maternal blood. 

The umbilical veins, like the vitelline, become interrupted by the liver, and 
the blood returned by them passes through this organ before reaching the heart. 
Ultimately the right umbilical vein shrivels up and disappears, as will be 
explained later (pages 145, 146). 

Fig. 180. — Diagram to illustrate the simple Fig. 181. — Heart further advanced than 
tubular condition of the heart. (Drawn ^ in fig. 180. (Drawn from Kckor-Ziegler 
from],Ecker-Ziegler model.) model.) 
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During the occurrence of these changes great alterations take place in the 
primitive heart and blood-vessels, and now require description. 

Further development of the heart. — The simple tubular heart, already 
described, becomes elongated and bent on itself so as to form an S-shaped loop, 
the anterior part bending to the right and the posterior part to the left. The 
intermediate portion arches transversely from right to left, and then turns 
sharply forward into the anterior part of the loop. Slight constrictions make 

Tu!. 182. — Hoad of chick embryo of about thirty-eiglil hours’ incubation, viewed from 
the ventral surface, x 26. (From l^val’s ‘ Atlas d’ Embry ologio.’) 



their appearance in the tube and divide it from behind forwards into four parts, 
viz.: (\) sinus venosus \ (2) the 'primitive auricle \ (3) the primitive ventricle; 
(4) the aortic bulb, which consists of two portions, a proximal muscular portion 
known as the bulbus cordis, and a distal portion, the primitive aortic stem (figs. 180 
to 182). The constriction between the auricle and ventricle constitutes the 
ttuncular canal, and indicates the site of the future auriculo-ventricular valves. 
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The sinus venosus is at first situated in the septum transversum (a layer of 
mesoderm in which the liver and the central tendon of the Diaphragm are 
developed) behind the common auricle, and is formed by the union of the vitelline 
veins. The veins or' ducts of Cuvier from the body of the embryo and the 
umbilical veins from the placenta subsequently open into it (fig. 185). The sinus 
is at first placed transversely, and opens by a median aperture into the common 
auricle. Soon, however, it assumes an oblique position, and becomes crescentic in 

Fig. 183. — Heart of human embryo of abopt fifteen days. (Reconstruction by His.) 



form ; its right half or horn increases more rapidly than the left, while the 
opening into the auricle now communicates with the right portion of the auri- 
cular cavity. The right horn ultimately becomes incorporated with and forms 
a part of the right auricle, the line of union between it and the auricle 
proper being indicated in the interior of the adult auricle by a vertical crest, 
the crista iermmalis of His. The left horn, which ultimately receives only the left 
duct of Cuvier, persists as the coronary sinus (fig. 192). The vitelline aiul 
umbilical veins are soon replaced by a single vessel, the inferior vena cava, and 


Fro. 1 84. — Heart sliowing expansion of auricles. 
(Drawn from Ecker-Zeigler model.) 



the three veins (inferior vena cava and right and left Cuvierian ducts) open into 
the dorsal aspect of the auricle by a common slit-like aperture (fig. 189). The 
upper part of this aperture represents the opening of the permanent superior 
vena cava, the lower that of the inferior vena cava, and the intermediate 
part the orifice of the coronary sinus. The slit-like aperture lies obliquely, and 
is guarded by two valves, the right and Ufi venous valves, which . unite with each 
other above the opening and are continuous with a fold named the septum 
spurium. The left venous valve practically disappears, while the right is 
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subsequently divided to foirm the Bustacliian and Thebesian valves. At the 
lower extremity of the slit is a triangular thickening, the spina vestibuU of 
His, which partly closes the aperture between the two auricles, and, according to 
His, takes a part in the formation of both the interauricufar and interventricular 
septa. 

The auricular canal is at first a short straight tube connecting the auricular 
with the ventricular portion of the heart, but its growth is relatively slow, and it 

Fig. 185. — Heart of human embryo, 4*2 mm. long, seen from behind. (His.) 
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becomes overlapped by the auricles and ventricles so that its position on the 
surface of the heart is indicated only by an annular constriction (fig. 184). Its 
lumen is reduced to a transverse slit, and two thickenings appear, one on its dorsal 
and another on its ventral wall. These thickenings, or endocardial cushions 
(fig. 189) as they are termed, project into the canal, and, meeting in the middle 
lino, unite to form the septum wtermrdium which divides the canal into two 
channels, tlie future right and left auriculo- ventricular orifices. 


Fi(i. 180. — Diagrams to show the development of the septum of Ihe aortic 
bulb and of the ventricles. (Born.) 
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The primitive auricular cavity becomes subdivided into right and left auricles 
by an incomplete septum, the septum primum (fig. 189), which grows down- 
wards into the auricular cavity. For a time the two auricles communicate with 
each other by an opening, the ostium primum of Born, below the free margin of 
the septum. This opening is, however, closed by the union of the septum primum 
with the septum intermedium, and the communication between the auricles 
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is le-establislied through an opening which is developed in the upper part 
of the septum primum ; this opening is known as the foramen ovale (ostium 
secundum of Bom) and persists until birth. A second septum, the seftum 
secundum^ semilunar in shape, grows downwards from the upper wall of the 
auricle to the right of the primary septum and foramen ovale. Shortly after 
birth it fuses with the primary septum, and by this means the foramen ovale 
is closed, but sometimes the fusion is incomplete and the upper part of the 
foramen remains patent. The annulus ovalis denotes the free margin of the 
septum secundum. 


Pig. 187. — ^Diagrams to illustrate the transformation of the bulbus cordis. (Keith.) 



(a) 
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P, J'uliiioimr}' artery. 

The primitive ventricle becomes divided by a septum, the septum inferius or 
ventricular septum (figs. 186, 189), which grows upwards from the lower part of the 
ventricle, its position being indicated on the surface of the heart by a furrow. 
Its dorsal part grows more rapidly than its ventral portion, and fuses with the 
dorsal part of the septum intermedium. For a time an interventricular 
foramen exists above its ventral portion, but this foramen is ultimately closed 
by the fusion of the aortic septum with the ventricular septum. 

As already stated, the aortic bulb consists of a proidmal muscular portion, 
the bulbus cordis, and a distal portion, the primitive aortic stem. When the heart 


Fig. 188. — Transverse sections through tlie aortic Inilb to show the growth of the aortic 
septum. The lowest section is on the left, tlie highest on the right of the figure. (After 
His.) 
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assumes its S-shaped form the bulbus cordis lies ventral to and in front of the primi- 
tive ventricle. The adjacent walls of the bulbus cordis and ventricle approximate, 
fuse, and finally disappear, and the bulbus cordis now communicates freely with 
the right ventricle, while the junction of the bulbus wdth the primitive aortic stem 
is brought directly ventral to and applied to the auricular canal. By the upgrowth 
of the ventricular septum the bulbus cordis is in great measure separated from 
the left ventricle, but remains an integral part of the right ventricle, of which it 
forms the infundibulum (fig. 187). 

The primitive aortic stem is divided by the aortic septum (fig. 186). This 
makes its appearance as two ridge-like thickenings which project into the lumen 
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of the tube ; these increase in size, and ultimately meet and fuse to form the 
septum, and thus the primitive aortic stem is divided into the pulmonary artery 
and the aorta. The aortic septum takes a spiral course towards the proximal end 
of the stem, so that the two vessels lie side by side aboVe, but near the heart 
the pulmonary artery is in front of the aorta (fig. 188). The septum grows down 
into the ventricle as an oblique partition, which ultimately blonds with the 
ventricular septum in such a way as to bring the bulbus cor,dis into communication 
with the pulmonary artery, and through the latter with the sixth pair of aortic 
arches ; while the left ventricle is brought into continuity with the aorta, which 
communicates with the remaining aortic arches. 

The valves of the heart , — The auriculo-ventricular valves arc developed in 
relation to the auricular canal. By the upward expansion of the bases of the 
ventricles the canal becomes invaginated into the ventricular cavities. The 
iiivaginatcd ma,rgin forma the rudiments of the lateral cusps of the auriculo-ven- 
tricular valves ; the mesial or septal cusps of the valves are developed as downward 
prolongations of the septum intermedium. The aortic and pulmonary valves are 

t'lo. 180. —Interior of dorsal half of licart fiom a human embryo 10 mm. long. (His.) ■ 
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formed from four endocardial thickenings — an anterior, a posterior, and two 
lateral — which appear at the proximal end of the primitive aortic stem. As the 
aortic septuni grows downwards it divides each of the lateral thickenings into two, 
thus giving rise to six thickenings — the rudiments of the semilunar valves — three 
at the aortic and three at the pulmonary orifice. 

Further Development of the Arteries. — It has been seen (ijage 136) that each 
primitive aorta consists of a ventral and a dorsal part whimi are continuous 
through the first aortic arch. The dorsal aortse at first run backwards separately 
on either side of the notochord, but about the third week they fuse from about 
the level of the fourth thoracic to that of the fourth lumbar segment to form 
a single trunk, the descending aorta. The first aortic arches pass through the 
miandibular arches, and behind them five additional pairs are developed within 
the visceral arches ; so that, in all, six pairs of aortic arches are formed 
)• The first and second arches pass between the ventral and dorsal aortse, 
while the others arise at first by a common trunk from the aortic bulb, but 
terminate separately in the dorsal aortae. As the neck elongates, the ventral 





142 EMBRYOLOGY 

aortce are drawn out, and the third’ and fourth arches arise directly from these 
vessels. 

In fishes these arches persist and give ofi branches to the gills, in which the 
blood is oxygenated. In mammals some of them remain as permanent structures, 
while others disappear or become obliterated (fig. 191). 

The anterior central aortm, — These persist on both sides. The right forms (a) the 
innominate artery, (h) the right common and external carotid arteries. The left 
gives rise to (a) the short portion of the aortic arch, which reaches from the origin 
of the innominate artery to that of the left common carotid artery ; (6) the left 
common and external carotid trunks. 

The aortic arches. — The first and second disappear ; the third constitutes the 
commencement of the internal carotid artery, and is therefore named the carotid 


Fig. 190. — Profile view of a human embryo estimated at twenty or twenty-one days old. 

(After His.) 
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arch. The fourth rkht arch forms the right subclavian as far as the ongin of its 
internal mammarv branch ; while the fourth left arch constitutes the arch of the 
aorta between thJ origin of the left carotid artery pd the termination of the ductus 
arteriosus. The fifth arch disappears on both sides. The sixth right arch dis- 
appears; the sixth left arch gives off the pulmonary arteries and forms the 
ductus arteriosus; this duct remains pervious during the whole of total life, 
but a few days after birth becomes obliterated. His found that in the early 
embryo the right and left arches each gives a branch to the lungs, but that later 
both pulmonary arteries take origin from the left arch. i 

The dorsal aortas. — In front of the third aortic arches the dorsal 
and form the forward continuation of the internal carotid artenes. Behind the 
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third arch the right dorsal aorta disappears as far as the point where the two 
dorsal aortss fuse to form the descending aorta. The part of the left dorsal aorta 
which intervenes between the third and fourth arches disappears, while the 
remainder persists to form the descending part of the S,rch of the aorta. A 
constriction, the aortic isthmus, is sometimes seen in the aorta between thcj 
origin of the left subclavian and the attachment of the ductus arteriosus. 

Sometimes the right subclavian artery arises from the aortic arch beyond the 
origin of the left subclavian and passes upwards and to the right behind the trachea 
and (esophagus. This condition may be explained by the persistence of the right 
dorsal aorta and the obliteration of the fourth right arch. 

In birds the fourth right arch forms the arch of the aorta ; in reptiles the 
fourth arch on both sides persists and giv(is rise to the double aortic arch in these 
animals. 

The heart originally lies on the ventral aspect of the pharynx, immediately 
Ixehind the stomatodacum. With the elongation of the neck and development 
of the lungs it recedes within the thorax, and, as a consequence, the anterior 

Fig. 191. — Scheme of the aortic arches and their destination. 

(Modified from Kollmann.) 
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ventral aorta) are drawn out and the original position of the fourth and fifth arches 
is greatly modified. Thus, on the right side the fourth recedes to the root of the 
neck, while on the left side it is withdrawn within the thorax. The recurrent 
laryngeal nerves originally pass to their distribution under the sixth pair of arches, 
and are therefore pulled backwards with the descent of these structures, 
so that in the adult the left hooks round the ductus arteriosus ; owing to the 
disappearance of the fifth and the sixth right arches tl^e right nerve hook^ round 
that immediately above them, i.e. the commencement of the subclavian artery. 
A series of segmental arteries arises from the primitive dorsal aortas, those in tie 
neck alternating with the cervical segments of the spine. The seventh segmental 
artery which lies between the sixth and seventh cervical segments is of special 
interest, since it forms the lower part of the vertebral artery and, when the 
forelimb bud appears, sends a branch to it (i.e. the subclavian artery) ; the upper 
part of the vertebral artery is formed by an inter-segmental anastomosis between 
the higher segmental arteries. From the seventh segmental arteries the entire 
left subclavian and the greater part of the right subclavian are formed. 
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; subclaviau m^elimb leader tba names of the axillary 

"li^lSQI^ibchial artemt^Ui^&wese together constitute the arterial stem for the 
''Upper arm. The d&ect continuation of this stem in the forearm forms the 
anterior interosseous artery ; while the radial and ulnar vessels, which ultimately 
exceed this artery in size, are in reality lateral branches of the main stem. 

The formation of the primary caudal arches has already been referred to 
(page 136), and the fusion of the dorsal aortsc to form the greater part of the 
systemic aorta has been pointed out (page 135). The middle sacral artery^, 
of the adult was formerly regarded as the direct continuation of the adult aorta, 
but Young and Robinson (op. ciL) maintain that it ‘ is a secondary branch, 
probably representing fused segmental arteries.’ They have also pointed out 
that while the dorsal and ventral extremities of the primary caudal arches remain, 
their middle portions ‘ disappear and are replaced by “ secondary ” caudal arches 


Fki. 192. — Human embryo ^ith heait and anterior body vvall renjoved to *^how the 
*»iniis venoMis and its tributaries. (After His.) (From Kollmann’s ‘ Kntwickel- 
ungsgcschichte.’) 
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uhlch lie to the outer sides of the Wolffian ducts.’ * The vessels which are to be 
looked upon as the posterior continuations of the primitive aorta in the adult in 
man, rodents, &;c., are the common ihac, internal iliac, and hj^ogastric arteries.’ 

Thcj, hypogastric arteries are continued into the umbilical cord as the umbilical 
artenes. Alter birth they become obliterated from the umbilicus as far as the 
origin of the superior vesical arteries. 

The primary arterial stem for the lower limb is formed by the sciatic artery, 
which accompanies the great sciatic nerve along the posterior aspect of the thigh 
to the back of the knee, whence it is continued as the peroneal artery. This 
arrangement exists in reptiles and amphibians. The femoral artery arises later 
as a branch of the common iliac, and, passing down the front and inner side of 
the thigh to the bend of the knee, joins the sciatic artery. The femoral quickly 
enlarges, and, coincidently with this, the part of the sciatic immediately above the 
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knee undeigoea atrophy, antenor ani^postiiS^^WlSl^il^kterifiS aio bcutohM 
of the main arterial stem. ^ i 

Further development of the Veins. — The formation of pe great veins of the' 
embryo may be best considered by dividing them into two groups, visceral and 
parietal. 

The visceral veins are the two vitelline or omphalo-mesenteric veins brining 
the blood from the yolk-sac, and the two umbilical or allantoic veins returning 
the blood from the placenta ; those four veins open close together into the sinus 
venosus (fig. 194). 

The vitelline veins run upwards at first in front, and subsequently on either 
side of the intestinal canal. They unite on the ventral aspect of the canal, 
and beyond this are connected to one another by two cross branches, the first on 
the dorsal, the second on the ventral aspect ol the duodenal portion of the 
intestine which is thus encircled by two venous rings (fig. 193). The por- 
tions of the veins above the upper ring become invaded by the developing 
liver and broken up by it into a plexus of small capillary-like vessels termed 
sinusoids (Minot). The branches conveying the blood to this plexus are named 


Fio, 193. — The Jiver and the veins in connection with it, of a human embryo, twenty-four 
or t\»enty-five days old, as seen from ihe ventral surface. (After His.) 
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the venev advehentes, and become the branches ol the portal vein ; while the vessels 
draining tlie plexus into the sinus venosus arc termed the vcncc revehentes, and 
form the future hepatic veins (figs. 192 and 193). Ultimately the lelt vena revehens 
no \on^T communicates directly with the sinus vemosus, but opens into the right 
vena revehens. The lower part ol the portal vein is formed from the fused vitelline 
veins w^ich receive the veins from the alimentary canal ; its upper part is derived 
from the venous rings by the persistence of the left half of the lower and the 
right half of the upper ring, so that the vessel forms a spiral turn roiyid the 
duodenum (fig. 193). 

The two umbilical veins fuse early to form a single trunk in the body-stalk, 
but remain separate within the embryo and pass lorwards to the sinus venosus 
in the side walls of the body. Like the vitelline veins, their direct connection 
with the sinus venosus becomes interrupted by the invasion of the liver, 
and thus at this stage the whole of the blood from the yolk-sac and placenta 
passes through the substance of the liver before it reaches the heart. The 
right umbilical vein shrivels and disappears ; the left, on the other hand, 
^becomes enlarged and opens into the upper venous ring of the vitelline veins. 

L 
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Finally a direct branch is establishcid between this ring and the right hepatic vein ; 
this branch is named the dUctus vemosus^ and, enlarging rapidly, it forms a wide 
channel through w-hich most of the blood, returned from the placenta, is carried 
direct to the heart witliout passing through the liver. A small proportion of the 
blood from the placenta is, however, conveyed from the left umbilical vein to the 
liver through the left vena advehens. The left umbilical vein and the ductus 
venosus luidergo atrophy and obliteration after birth, and form respectively the 
ligamentum teres and ligamentum venosum of the liver. 

The parietal veins . — The first indication of a parietal system consists in the 
appearance of two short transverse veins (the ducts of Cuvier), which open, one 
on either side, into the sinus venosus. Each of those ducts receives an ascend- 
ing and descending vein. The ascending veins return the blood from the 
parietes of the trunk and from the Wolffian bodies, and are called cardinal 
veins. The descending veins return the blood from the head, and are called 
primitive jugular veins (fig. 190). The blood from the lower limbs is collected 
by the right and left iliac veins, which, in the earlier stages of development, open 
into the corresponding right and left cardinal veins (fig. 190) ; later on, a transverse 
branch (the left common iliac vein) is developed between the lower parts of the 


Fia. 194. — Scheme of arrangement of 
parietal veins. 


Fio. 195. — Scheme showing early stages of 
development of the inferior vena cava. 
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two cardinal veins (fig. 196), and through this the blood is carried into the right 
cardinal vein. The portion of the left cardinal vein below the left renal vein 
atrophies and disappears up to the point of entrance of the left spermatic vein ; 
the portion above the left renal vein persists as the superior and inferior azygos 
minor veins and the lower portion of the left superior intercostal veil!. The 
right cardinal vein, which now receives the blood from both lower extremities, 
forms a large venous trunk along the posterior abdominal wall ; up to the level 
of the renal veins it forms the low'cr part of the inferior vena cava. Above the 
level of the renal veins the right cardinal vein persists as the vena azygos major, 
and rcjccives th(; right intercostal veins, while the azygos minor veins are brought 
into communication with it by the development of transverse branches in front 
of the vertebral column (figs. 196, 197). 

Inferior vena cava . — The development of the inferior vena cava is associated 
with the formation of two veins, the subeardinal veins (figs. 194 and 195). 
These lie parallel to, and on the ventral aspect of, the cardinal veins, and 
originate as longitudinal anastomosing channels which link up the tributaries 
from the mesentery to the cardinal veins ; they communicate with the cardinal 
veins above and below, and also by a series of transverse braftches. The two 
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subcardinals are for a time connected with each other m front of the aorta by 
cross branches, but these disappear and are replab^ by a smgle transverse 
channel at the level where the renal veins join the cardinals^ and at the same levtl 


Fio. 196. — ^Diagram showing deveJopmont of main cross branches between juguJars 

and between cardinals. 
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a cross communication is established on either side between the cardinal and 
subcardinal (fig. 195). The portion of the right subcardinal behind this cross 
communication disappears, while that in front (i.e. the pre-renal part) forms a 

Fig. 197. — Diagram showing completion of development of the parietal veins. 
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connection with the ductus venosus at the point of opening of the hepatic veins, 
and, rapidly enlarging, receives the blood from the post-renal part of the right 
^rdinal through the ( ' • - < ^ 


I 


cross communication referred to. 


In this manner a single 
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trunk, the inferior vena cava (fig. 197), is formed, and consists of the proximal part 
of the ductus venosus, the pre-rcnal part of the right subcardinal vein, the post- 
renal part of the right, cardinal vein, and the cross branch which joins these two 
veins. The left subcardinal disappears, except the part immediately in front of 
the renal vein, which is retained as the left suprarenal vein. The spermatic (or 
ovarian) vein opens into the post-renal part of the corresponding cardinal vein. 
This portion of the right cardinal, as already explained, forms part of the inferior 
vena cava, so that the right spermatic opens directly into that vessel. The post- 
renal segment of the left cardinal disappears, with the exception of the portion 
between the spermatic and renal vein, which is retained as the proximal part of 
the left spermatic vein. 

In consequence of the atrophy of the Wolffian bodies thfc cardinal veins diminish 
in size ; the primitive jugular veins, on the other hand, become enlarged, owing 
to the rapid development of the head and brain. They are further augmented 
by receiving the veins (subclavian) from the upper extremities, and so come to form 
the chief veins of the Cuvierian ducts ; these ducts gradually assume an almost 
vertical position in consequence of the descent of the heart into the thorax. The 
right and left Cuvierian ducts are originally of the same diameter, and are frequently 
termed the right and left superior venm cavec. By the development of a transverse 
branch (the left innmninatc win) between the two primitive jugular veins, the 
blood is carried across from the left to the right primitive jugular (figs. 196, 197). 
The portion of the right primitive jugular vein between the left innominate and 
the vena azygos major forms the U})])er part of th(' superior vcnia cava of the 
adult ; the lower ])art of this vessel (i.e. below the entrance of the vena azygos 
major) is formed by the right (hivierian duet. Below the origin of the transverse 
branch the left primitive jugular vein and left Cuvierian duct atrophy, the 
former cojistituting the upper j)art of the left superior intercostal vein, while the. 
latter is represented by the vestigial fold and oblique vein of Marshall (fig. 197). 
Both right and left sup(*rior vena* cava* are present in some animals, and are 
occasionally found in the adult human being. The oblique vein of Marshall 
passes downwards across the back of the left auricle to open into the coronary 
sinus, which, as alrcjidy indicated, re 2 )rescnts the persistent left horn of the sinus 
venosus. 

The primitive jugular or anterior cardinal veins are situated on the ventral 
surface <71 the l)rain, on the mesial side of the cranial nerve-roots. A considerable 
portion of (jach of these veins disappears and is replataid by a vein which is developed 
on th<i lateral aspect of the cranial nerves from the fifth to the twelfth inclusive*. 
This new vein (vena capitis lateralis) leaves the skull in company with the sevejith 
nerve. The blood from the hind-brain is collected into a vein (the future lateral 
sinus) which passes through tlie foramen jugulare on the lateral aspect of the vagus 
nerve ; here the two vessels join to form the internal jugular vein. On the dorsal 
aspect of the ear-capsule an anastomotic channel is opened up between the vena 
capitis lateralis and the lateral sinus ; and, coincident with this, the portion of 
the former vein which extends from the fifth to the tenth cranial nerve becomes 
obliterated, and thus the whole of the blood from the brain is ultimately drained 
away by the lateral sinuses. The primitive jugular vein is therefore represented 
in the adult by the internal jugular, and not by the external jugular, as is usually 
stated.* The external jugular vein is a vessel of later formation, which at first 
drains the region behind the ear (posterior auricular) and enters the primitive 
jugular as a lateral tributary. A group of veins from the face and lingual region 
converge to form a common vein, the linguo-facial,| which also terminates in 
the primitive jugular. Later, cross communications develop between the external 
jugular and the linguo-facial, with the result that the posterior group of facial veins 
is transferred to the external jugular. 

Peculiarities of the foetal heart.— In early foetal life the heart is placed directly 
under the head and is relatively of large size. Later it assumes its position in the 
thorax, but lies at first in thi? middle line ; towards the end of pregnancy it gradu- 
ally becomes oblique in direction. The auricular portion is at first larger than 
the ventricular part, and the two auricles communicate freely through the foramen 

* Consult J)ie Entwielielung dv» JtlutgvfiUs-sy^tcms, by Hochstettcr, in Hertwig’s Eniwich i- 
luid also an article by Mall in the Amerioan Journal of Anatomy^ vol. iv., December 

11)04. 

t Lewis, American Journal of Anatomy^ vol. ix., No. 1, Feb. 1909. 



149 


DEVELOPMENT, OP THE LYMPHATICS 

ovale. In consequence of the communication between the pulmonary artery and 
the aorta, through the ductus arteriosus, the contents of the right ventricle arc 
mainly carried into the latter vessel instead of to the lungs, and hence the wall 
of the right ventricle is as thick as that of the left. At the ena of foetal life, however, 
the left ventricle is thicker than the right, a difference which becomes more and 
more emphasised after birth. 

The foetal circulation and the changes which take place in the circulation after 
birth are described on pages 6M to 616. 

The lymphatic vessels. — The lymphatic system begins as a series of sacs * 
at the points of junction of certain of the embryonic veins. These lymph-sacs 
are developed by the confluence of numerous venous radicles, whi(*h at first lose 
their connections with the* venous system, but subsequently, on the formation of 
the sacs, regain them. The lymphatic system is therefore developmentally an 
offshoot of the venous system, and the lining walls of its vessels are always endo- 
thelial. As already stated in the chapter on Histology (page 61), it forms a closed 
system, and has not as was formerly supposed any direct communication with 
tissue clefts or spaces. 


Kio. 198. — Scheme showing relative positions of primary lymiih-sacs 
based on the description given by Florence Sabin. 
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In the human embryo the lymph -sacs from which the lymphatic vessels are 
derived are six in number : two paired, the jugular and the posterior lymph-sacs ; 
and two unpaired, the retro-peritoneal and the cisterna c-hyli. in lowiu* mammals 
an additional pair, subclavian, is present, but in the human embryo these are 
merely extensions of the jugular sacs. 

The position of the sacs is as follows : (1) jugular sac, at the junction of the 
subclavian vein with the primitive jugular ; (2) posterior sac, at the junction of 
the iliac vein with the posterior cardinal ; (3) retro-peritoneal, in the position of the 
cross branch between the renal veins ; (4) cisterna chyli at the site of the cross 
branch between the two iliac veins (fig. 198). From the lymph-sacs the lymphatic 
vessels bud out along fixed lines corresponding more or less closely to the course 
of the embryonic blood-vessels. They all arise as endothelial outgrowths, wliich 
later become canalised. Both in the body wall and in the wall of the intestine, t 
the deeper plexuses are the first to be developed ; by continued growth of these 
the vessels in the superficial layers are gradually formed. It is as yet undeter- 
mined whether the thoracic duct is formed from anastomosing outgrowths from 
the jugular sac and cisterna chyli or whether it is developed by the transformation 

* Sabin. American Journal of Anatomy ^ vol. ix., No. 1, Feb, 1909. t Houcr. Ibid. 
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of some of the radicles of the azygos veins. At its connection with the eisterna 
chyli it is at first double, but the right vessel soon joins with the left. 

All the lymph-sacs f^xcept the eisterna chyli are, at a later stage, divided up by 
slender connective tissue bridges and transformed into groups of lymphatic glands. 
The lower portion of the eisterna chyli is similarly converted, but its upper portion 
remains as the receptaculum chyli. 

The Pericardium. — As already pointed out (page 87), the anterior portion 
of the embryonic area in front of the oral plate or bucco-pharyngcal membrane 
is named the pericardial area. Previous to the formation of the head-fold the 
mesoderm has divided into its somatic and splanchnic layers, and these two layers, 
together with the intervening cadomic space, extend forwards on cither side of 
the bucco-pharyngcal membrane into the pericardial area ; the part of the coelom 
contained within this area becomes the cavity of the pericardium. This is, at first, 
in the shape of a crescent, the lateral horns of which extend backwards on either side 
of the bucco-pharyngeal membrane and are continuous with the pleuro-peritoneal 
part of the ccelomic space. The primitive blood-vessels, which, in the pericardial 
region, fuse to form the primitive heait, are developed in the splanchnic mesoderm 
of the pericardial area. By the rapid eJongation of the embryo, and the formation 
of the head-fold, the pericardial area and its contained blood-vessels are folded 
backwards to form the ventral wall of the fore-gut. By means of this process 
the surfaces of the pericardial area are reversed, its splanchnic layer being 
now situated on the dorsal aspect of its somatic layer, while its original 
anterior limit comes to form the front boundary of the umbilicus. The vitelline 
veins, bringing the blood from the yolk-sac, enter the embryo through the anterior 
wall of tlie umbilicus and pass upwards and forwards to open into the tubular 
heart, wliich is, for a time, suspended along its entire length, from the ventral aspect 
of the fore-gut, by a dorsal mesentery (dorsal mesocardium) (fig. 225). By the 
absorption of the middle part of this dorsal mesocai*dium behind the ascending aorta 
and ])ulmonary artery the groat transverse sinus of the pericardium is foriruul. 

In. amphibians and biids the pericardium is developed by the fusion of the 
lateral halves of the coelom in the middle line beneath the fore-gut, and therefore 
in these animals there exists, for a period, a ventral mesocardium ; but Robinson 
has shown that the pericardial cavity in mammals is frf»m the first a single cavity, 
and that there is jicv(ir at any time a ventral mesocardium. 

Th(' mesoderm immediately in front of the umbilicus becomes thickened to 
form the septum transversiim, above which are situated the lateral horns of the 
pericardial cavity. These assunuj the form of tubular passages on the sides of 
the fore-gut., and constitute the communications between the pericardial .and 
pleiiro-pcritoneal parts of th<* codom (fig. 225). The lung buds grow out behind the 
ducts of Cuvier into these passages, and push their w,ay outwards and forwards 
into the tissue of the s(*])tum transversum. The e*\})ansion of the pleural cavities 
therefore takes place, in the septum, which by this means is dill(;rcntiated into 
the central part of the Diaphragm and the posterior wall of the pericardium. The 
anterior limit of the septum transversum is indicated by the Cuvierian ducts 
(superior vena^ cavao), by the growth of which the passages between the pericardium 
and pleurae are closed. 


DEVELOPMENT OF THE ALIMENTARY AND RESPIRATORY 

SYSTEMS 

The Alimentary Canal. — As already indicated (page 92), the primitive 
alimeiitiyy canal consists of three parts, viz. : (1) the fore-gut^ within the cephalic 
flexure, and dorsal to the heart ; (2) the mid-gul, opening freely into the yolk-sac ; 
and (3) the hind-gut, within the caudal flexure (figs. 199, 200). At first the fore- 
gut and hind-gut end blindly. The anterior end of the fore-gut is separated from 
the stomatodacann by the x>haryngeal septum (fig. 201) ; the hind-gut terminates 
posteriorly in the cloaca, which is closed externally by tlie cloacal membrane. 

The pharynx, oesophagus, stomach, and greater part of the duodenum are 
developed from the fore-gut,* while the liver and pancreas are formed as diverticula 

• The level of the ()])eiiing of the common bile-duct is usually regarded as the junction of 
Ihc fore-gut with the luid-giil. 
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from the duodenum ; the deecending, iliac, and pelvic parts of the colon, the 
rectum, and the tubular stalk of the allantois are developed from the hind-gut ; 
the mid-gut gives origin to the remainder of the alimentary tube. 

The mou&. — The mouth is developed partly from the stomatodaeum, and 
partly from the floor of the anterior portion of the fore-gut. By the growth 

Fio. 199. — Diagrammatic outline of a sagittal section of the chick on the fourth day. 

* (From Quain's ‘Anatomy,’ Allen Thomson.) 



a. future auuH, still closed; o/’. cephalic fold ; al. tlic allaTitoic vesicle; am. cavity ol true amnion ; ep. ectoderm; 
//. heart; Aj/. entoderm ; t. intestine ; m. the mouth; nif. the mesentery; p/. caudal fold; pp. space between 
inner and outer folds of amnion; s. forc-j'iit; sni, somatic m»^sotlerm ; vi. vitelline duct; vm. splaudinic 
mesoderm ; ys. yolk-sac. 


of the litjad end of the embryo, and the formation of the cephalic flexure, 
the pericardial area and tlie oral plate or bucco-pharyngeal area come to lie 
on the ventral surface of the embryo. With the further expansion of the 
brain, and the bulging forwards of the pericardium, the oral plate is depressed 


Fig. 200. — Diagram of a sagittal section of a mammalian embryo. 
Very early. (After Quain.) 



between these two prominences. This depression constitutes the stomatodaium 
(fig. 201). It is lined by ectoderm, and is separated from the anterior end of the 
fore-gut by the oral plate, which is now named the 'pha/ryngcal septum (fig. 20J). 
This septum is devoid of mesoderm, being formed by the apposition of the 
stomatodmal ectoderm with the fore-gut entoderm ; at the end of a fortnight it 





disappears, and thus a communication is established between the mouth and the 
future pharynx. No trace of the pharyngeal septum is found in the adult ; and 
the communication just mentioned must not be confused with the isthmus faucium, 

r 

Fig. 201. — ^Human embryo about fifteen days old. Brain and heart represented from 
right side. Alimentary canal and yolk-sac in mesial section. (After His.) 
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since, as His has shown, the anterior pillars of the fauces arc developed from the 
second visceral arches. 

Fig. 202. — Under surface of the head of a human embryo about twenty-nine days old. 

(After His.) 
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The visceral arches extend in a ventral direction between the stomatodreum 
and the pericardium ; and with the completion of the mandibular arch and the 
formation of the maxillary processes, the mouth assumes the appearance of a 
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pentagonal orifice. The orifice is bounded in frdnt by the feonto-nasal process which 
covers the fore-brain and contains the anteriof part of the coalesced trabeculse 
cranii, behind by the mandibular arch, and laterally by the maxillary processes 
(fig. 202). With the in- 
ward growth and fusion 203. — ^The floor of the pharynx of a human embryo 


about fifteen days old. x 50. (From His.) 
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of the palatal processes 
(figs. 142, 143), the upper 
portion of the^ stomato- 
dicum is shut off to form 
the nasal cavities, while 
from its lower or buccal 
portion the roof and an- 
terior part of the mouth, 
together with the teeth, 
are developed. 

The salivQjy glands 
arise as diverticula from 
the epithelial lining of the 
mouth, and their rudiments 

appear in the following order, viz. : the parotid during the fourth week, the sub- 
maxillary in the sixth week, and the sublingual during the ninth week (Hammar). 
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Fio. 204. — The floor of the pharynx of a human embryo about twenty-three days old. 
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The tongue (figs. 203 to 205). — The tongue is developed in the floor of the 
nharynx. The rudiment of the anterior or buccal portion appears during the 
third week as a rounded elevation, immediately behind the ventral ends of the 

Fig. 205. — Floor of mouth of an embryo .slightly older than that shown in fig. 204. 
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mandibular arches. This elevation is named the tuhereulum impar (figs. 203 and 
204) ; it extends forwards on the oral surface of the mandibular arch, and in- 
creases markedly in size by the development of a pair of lateral tongue-elevations, 
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which raise themselves from the inner surfaces of the mandibular arches, and, 
blending with the tuberculum impar, form the tip and greater portion of the 
buccal part of the tongue. These lateral growths correspond with similar struc- 
tures which were described by E. Kallius in the development of the tongue of the 
lizard. From the ventral ends of the fourth arch there arises a second and larger 
elevation, in the centre of which is a median groove or furrow. Tliis elevation is 
named the furcula (fig. 203), and is at first separated from the tuberculum impar 
by a depression, but later by a ridge formed by the forward growth and fusion of 
the ventral ends of the second and third arches. The posterior or pharyngeal 
part of the tongue is developed from this ridge, which extends forwards in the 
form of a V, so as to embrace between its two limbs the tuberculum impar (figs. 204 
and 205). At the apex of the V a pit-like invagination occurs, to form the middle 
thyroid rudiment, and this depression is represented in the adult by the foramen 
ccBcum of the tongue. In the adult the union of the anterior and posterior parts 
of the tongue is marked by a V-shaped depression (sulcus terminalis), the apex of 
wliich is at the foramen ciecum, while the two limbs run outwards and forwards, 
parallel to, but a little behind, the circumvallate papillae. The prominent 
anterior part of the furcula forms the epiglottis ; the furrow behind it is the 

entrance to the larynx ; and the 
Fig. 206. — Scheme showing development of anterior parts of its lateral 
branchial epithelial bodies. (Modified from margins constitute the aryteno- 
Kohn. ) epiglotiidean fold s. 

The tonsils are developed from 



the lower parts of the second 
visceral clefts, immediately behind 
the anterior pillars of the fauces. 
The entoderm which lirms these 
clefts grows in the form of a 
number of solid buds into the 
surrounding mesoderm. These buds 
become hollowed out by the de- 
generation and casting oft* of their 
central cells, and by this means 
the tonsillar crypts are formed. 
Lymphoid cells accumulate around 
the crypts, and become grouped 
to form the lymphoid follicles ; 
the latter, however, are not well 
defined until after birth. 
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The thymus gland appears in 
the form of two flask-shaped ento- 
dermal diverticula, wliich arise, one 
on either side, from the third 


visceral cleft (fig. 200), and extend outwards and backwards into the surrounding 
iiicsoderm to meet in front of the ventral aortas. The pharyngeal opening of each 
diverticulum is soon obliterated, but the neck of the flask persists for some time 
as a cellular cord. By further proliferation of the cells which line the flask, 
buds of cells are formed, which become surrounded and isolated by the invading 
mesoderm. In the latter, numerous lymphoid cells make their appearance, and 
are aggregated to form lymphoid follicles. These lymphoid cells arc probably 
derivatives of the entodermal cells which lined the original diverticulum and its 
subdivisions. 


The thyroid body is developed from a median and two lateral diverticula (fig. 206). 
The median (livei'ticulum appears about the fourth week, immediately behind the 
tuberculum impar of the tongue, between the mandibular and hyoid arches. It 
grows downwards and backw'ards as a tubular duct, wliich bifurcates and sub- 
sequently subdivides into a series of cellular cords, from wLich the isthmus and 
part of the lateral lobes of the thyroid body arc developed. The lateral diverticula 
arise from the inner aspects of the fourth visceral clefts ; they grow backwards and 
fuse with the median portion to form the remainder of the lateral lobes. The 
connections of the lateral diverticula with the pharynx disappear early. That 
of the median rudiment is termed the thyro-glossal duct ; its (tontinuity is sub- 
sequently interrupted by the development of the body of the hyoid bone, and it 
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undergoes degeneration, its upper end being represented by the foramen csBCUin 
of the tongue, and its lower by the pyramidal lobe of the thyroid body. 

The parathyroid bodies -are developed as outgrowths from the inner aspects of 
the third and fourth visceral clefts (fig. 206). 

A pair of diverticula arise behind the fifth arch and form what are termed the 
posthranchial bodies (fig. 206) ; these degenerate and disappear at an early stage. 

The pituitary body, or hypophysis cerebri. — This consists of a large anterior, 
and a small posterior, lobe : the former is derived from the ectoderm of the stomato- 
damm, the latter from the floor of the fore-brain. About the fourth week there 
appears a poucli-like diverticulum of the ectodermal lining of the roof of the stomato- 
dflftum. This, the pitui- 
tary involution OT pom^h Fig. 207. — ^Vei-tical section of the head in early embryos of 
of Rathke (fig. 207), is the rabbit. Magnified. (From Mihalkovics.) 

the rudiment of tlic an- 


terior lobe of the pitui- 
tary body; it extends 
upwards in front of the 
cephalic end of the 
notochord and the rem- 
nant of the pharyngeal 
septum, and comes into 
contact with the under 
surface of the fore-brain - 
It is then constricted 
off to form a closed 
vesicle, but remains for 
a time connected to the 
ectoderm of the stonui- 
todaeum by a solid cord 
of cells. The vesicle 
sends out hollow pro- 
cesses into the surround- 
ing mesoderm, and is 
gradually converted int o 
a mass of small, tortuous 
tubules lined with co- 
lumnar or cubical cells. 
The upwardly directed 
pituitary involution be- 
comes applied to the 
antero-latcra) aspect of 
a downvvardly directed 
diverticulum from the 
base of tlie fore-bndii 
(page 123). This diver 
ticuluin constitutes the 
future infundibulum in 
the floor of the third 
ventricle, while its lower 
extremity becomes 
modified to form the 
posterior lobe of the 



\. From uii ombryo of five niillinictrcM lu leii^'Uj. B. From an einbrj'^o of aix 
miUbriotrcd in length, c. Vertic-al section of tlie untorior ontl of the notochord 
and pituitary body, &c., from an etnbryo sixteen millimetres long. In A tiic 
bucoo-pharyngeal membrane is still present. In B it is in the process of disaj)- 
peiiH ig, and tlicstomatoda;uiii mm communi '^tes with the primitive pharyn 
arn. Amnion, c. Fore-bruin. cA. Notochon' Anterior extremity of fore- 
gut, t. A. Heart, i/. Infundibulum, m. W ,11 of brain cavity, me. Mid- 
brain. mo. Iliiid-brtiin. p. Original fiositic of pituitary diverticulum, py. 
p//. Flmrynx. sp.e. Spheno-ethmoidal ; 6. Central ; and sp.o. Spheno- 
occipital parts of biuiis cranii. tha. Thalamu 


pituitary body. lu 

some of the lower animals the posterior lobe contains nerve-cells andi^'nerve- 
fibres, but in man and the higher vertebrates these are replaced by connective 
tissue. A canal {cranio-pharyngeal canal) is sometimes found extending from the 
pituitary fossa to the under surface of the skull, and marks the original position 
of Rathke’s pouch. 

The further development of the alimentary canal.— The upper part of the 
fore-gut becomes dilated to form the pharynx (fig. 208), in relation to whic;h the 
branchial arches are developed (fig. 136) (see page 107) ; the succeeding part 
remains tubular, and with the descent of the stomach is elongated to form the 
oesophagus. About the fourth week a fusiform dilatation, the future stomach, 
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makes its appearance, and beyond this the mid-gut opens freely into the yolk-sac 
(figs. 2()8 and 209). The opening is at first wide, but is gradually narrowed into 
a tubular stalk, the yolk-stalk or vitelline duct* At this stage, therefore, the 

Fig. 208. — Sketches in profile of two stages in the development of the human 
alimentary canal. (His.) Fig. A x 30. Fig. B x 20. 
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* The proximal part of the vitelline duct persists in about two per cent, of subjects and 
constitutes Meekers dlvcriictilum of the small intestine, which is found about three or four 
feet above the ileo-csecal valve, and may be attached to the umbilicus by a fibrous cord. 
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ttliinentary canal forms a nearly straight tube in front of ^ the notochord and 
primitive aorta) (fig. 200). From the stomach to the rectum it is attached to the 
notochord by a band of mesoderm-, from which the common mesentery of the gut is 
subsequently developed. The stomach has an additional attachment, viz. : to the 

Fia. 209. — Front view of two successive stages in the development of the 
alimentary canal. (His.) 
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ventral abdominal wall as far as the umbilicus by the septum transversurn. The 
cephalic portion of the septum takes part in the formation of the Diaphragm (see 
page 107), while the caudal portion into which the liver grows forms the ventral 
mesogastrium (fig. 210). The stomach undergoes a further dilatation, and its 
two curvatures can be recognised (figs. 208, n, and 210), the greater directed 


Fio. 210. — The primitive mesentery of a six weeks’ human embryo, half schematic. 

(Kollmann.) 
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towards the vertebral column and the lesser towards the anterior wall of the 
abdomen, while its two surfaces look to the right and left respectively. The 
mid- gut undergoes great elongation, and forms a V-shaped loop wliich projects 
downwards and forwards ; from the bend or angle of the loop the vitelline duct 
passes to the umbilicus (fig. 211). For a time a part of the loop extends beyond 
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the abdominal cavity into the umbilical cord, but by the end of the third month it 
is withdrawn within the cavity. With the lengthening of the tube, the mesoderm, 
wliich attaches it to the future vertebral column and carries the blood-vessels for 
the supply of the ght, is thinned and drawn out to form the posterior cmrmon 
mesentery. The portion of this mesentery attached to the greater curvature of 
the stomach is named the dorsal masogastrium, and the part which suspends the 
colon is termed the mesocolon (fig. 211). About the sixth Aveek a lateral diver- 
ticulum makes its appearance a short distance behind the opening of the vitelline 
duct, and indicates the future CcTcum and appendix. The part of the loop on the 
distal side of the caecal diverticulum increases in diameter and foinis the future 
ascending and transverse portions of the large intestine. Until the third month 
the cffical diverticulum has a uniform calibre, but from this time onwards its most 
doj)(;ndcnt part remains rudimentary and forms the vermiform appendix, while 
its upper part expands to form the caecum. Changes also take place in the shape 
and position of the stomach. Its dorsal part or greater curvature, with the 

Fig. 211. — Abdominal part of alimentary canal and its attachment to the primitive or 
common mesentery. Human embryo of six weeks. (After Toldt.) (From Kollmann’s 
‘ Entwickelnngsgeschichte.’) 



dorsal mesogastrium attached, grows much more rapidly than its ventral part 
or lesser curvature to which the ventral mesogastrium is attached. Further, the 
greater curvature is carried downwards and to the left, so that the right surface 
of the stomach is now^ directed backwards and the left surface forwards — a change 
in positioiA which explains why the left vagus nerve is found on the front of the 
sl,omach and the right vagus on the back of it. The dorsal mesogastrium being 
attache[l to the greater curvature must necessarily follow its movements, and hence 
it becomes greatly elongated and drawn outwards from the vertebral column, and, as 
in the case of the stomach, the right surfaces of both the dorsal and ventral meso- 
gastria are now directed backwards, and the left forwards. In this way a pouch, 
the bursa omentalis, is formed behind the stomach ; this pouch is the future leaser 
sac of the peritoneum, and it increases in size as the alimentary tube undergoes 
further development ; the entrance to the pouch constitutes the future foramen of 
Winslow (figs. 212, 215). The duodenum is developed from that part of the tube 
which immediately succeeds the stomach; it undergoes little elongation, being 
more or less fixed in position by the liver and pancreas, which arise as diverticula 
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from it. The is at first suspended *by a mesentery, and projecte 

forwards in the form of a loop. The loop and its mesentery are subsequently 
displaced by the transvexse colon, so that the right surface of the duodenal 


Fia. 212.— Diagrams to illustrate two stages in the development of the human alimentary 
canal and its mesentery. The arrow indicates the entrance to the bursa omentalia. 
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mesentery is directed backwards, and, adhering to the parietal peritoneum, is 
lost. The remainder of the alimentary canal becomes greatly elongated, and 
as a consequence the tube is coiled on itself, and this elongation demands a 
corresponding increase in the width 
of the intestinal attachment of the 
mesentery, which becomes folded. 

At this stage the small and large 
intestines are attached to the vertebral 
column by a common mesentery, the 
coils of the small intestine falling to 
^ lie right of the middle line, while the 
large intestine lies on the left side.* 

The gut is now rotated upon itself, 
so that the large intestimi is carried 
over in front of the small intestine, 
and the caecum is placed immediately 
below the liver ; about the sixth month 
the cfecum descends into the right iliac 
fossa, and the large intestine forms an 
arch consisting of the ascending, trans- 
verse, and descending portions of the 
colon — the transverse portion crossing in front of the duodenum and lyiug just 
below the greater curvature of the stomach ; within this arch the coils of the 
small intestine are disposed (figs. 212, 217). Sometimes the downward progress of 
the caicum is arrested, so that in the adult it may be found lying immediately 
below the liver instead of in the right iliac region. 

* {Sometimes this condition persists throughout life, and it is then found that the duodenum 
docs not cross from the right to the left side of the vertebral column, but lies entirely on tin; 
light side of the mesial plane, where it is continued into the jejunum ; the arterie.s to the 
f^mall intestine (rami intestini tenuis) also arise from the right instead of the left side of the 
superior mesenteric artery. 


Fig. 213. — Schematic and enlarged cross 
section through the body of a human 
embryo in the region of the meso- 
gostrium. Beginning of third month. 
(Toldt.) 

Lesser 


Liver Stomach oimnfum Liver 



Left suprarenal Bight suprarenal 
capsule capsule 



160 


EMBRYOLOGY 


Further changes take place in the bursa omentalis and in the common 
mesentery, and give rise to the peritoneal relations seen in the adult. The bursa 
omentalis, wMch at first reaches only as far as the greater curvature of the 
stomach, grows dowhwards to form the great omentum, and this downward 
extension lies in front of the transverse colon and the coils of the small intestine. 
The anterior layer of the transverse mesocolon is at first quite distinct from the 


Fig. 214. — Section through same region as in fig. 213, at end of third month. (Toldt.) 



posterior layer of the great omentum, but ultimately the two blend, and hence 
the great ormmtum appears as if attached to the transverse colon (fig. 216). The 
mesenteries of the ascending and descending parts of the colon disappear in the 
majority of cases, wliile that of the small intestine assumes the obliques attachment 
characteristic of its adult condition. 


Fkj. 215. — Schematic figure of the bursa omentalis, &c. Human embryo 
of eight weeks. (Kollniann.) 
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The small omentum is formed, as indicated above, by a thinning of the meso- 
derm or ventral mesogastrium, which attaches the stomach and duodenum to the 
anterior abdominal wall. By the subsequent growth of the liver this leaf of 
mesoderm is divided into two parts, viz. : the small omentum between the stomach 
and liver, and the falciform and coronary ligaments between the liver and the 
abdominal wall and Diaphragm (fig. 210). 

The rectum and anal canal. — The hind-gut is at first prolonged backwards 
into the body-stalk as the tube of the allantois; but, with the growth and 
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flexiue of the tail-end of the embryo, the body-stalk, with its contained allantoic 
tube is carried forwards to the ventral aspect of the body, and consequently a 

Fig. 21 6.— Diagrams to illustrate the development of the great omentum 
and transverse mesocolon. 
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Fj(}. 217. — Final dii^osi- 
lion of the intestines and 
their vascular relations. 
(iJonnesoo.) 


l)entl is formed at the junction of the hind-gut and allantois. This bend becomes 
dilated into a pouch, which constitutes the cniotJcrmnl vlonca ; into its dorsal part 
tin' hind-gut opens, and from its ventral part the allantois passes forwards. At a 
later stage the Wolllian and Mullerian ducts oi>en into 
its ventral portion. Tln^ cloaca is. for a time, shut olf 
from tin*, exterior by a. inemlminc, the cloacaf mnnhru)n\ 
foiMned by the apposition of tlic ectoderm and entoderm, 
and reaching, at lirst, as far forwards as the fut ure um- 
bilicus. Behind the umbilicus, however, the mesoderm 
sul)se(juently extends inwards to form the lower pa rt of 
the abdominal wall and symphysis ])ubis. By the growth 
of the surrounding tissu(^s the cloacal membrane comes 
to lie at the bottom of a depression, which is lined by 
•‘ctode.rm and named th(^ eciodcrnial cloaca (tig. 218). 

The entoderrnal cloaca is divided into a dorsal and 
a ventral part by means of a partition consisting of 
two lateral mesodermal folds which grow inwards and 
mite wit II each other in the middle lino. The dorsal 
part forms tin* rectum, and the anteiior pai't tlie 
urogenital sinus a,nd bladder. By the rupture of tlie 
cloacal membrane the entodminal cloaca opens on the 
exterior, thus giving rise to a (ondition which exists 
]>ermanently in the reptile, bird, and monotrenn^ Into 
this cloacal chaimel in these animals the urine, the 
fieces, and the products of the genital organs are 
discharged. The communication of the rectum with 
the cloaca is obliterated by the inward growth of two 
eminences, which make their appearance one on eith(*r 
side of the cloaca. These join in the middle line to 
form the perineal septum, and also fuse with the 
hinder edge of the septum which separates tlie 
urogenital sinus and bladder from the rectum. The 
anal canal is not developed from the cloacal open- 
ing of the hind-gut, but is formed by an in- 
vagination of the ectoderm behind the perineal 
septum. This invagination is termed the 'proctodcbum (fig. 223), and it meets 
with the ventral aspect of the hind-gut and forms with it the anal tnemhram. 
Ly the absorption of th^s membrane the anal canal becomes continuous with 
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the rectum (fig. 224). A small i>art of the hind-gut projects backwards beyond 
the anal membrane ; it is named the post-anal (jut, and usually becomes obliterated 
and disappears.* , 

F. Wood-Jonesf gives a different account from the above as to the manner iii 
which the rectum is separated from the cloaca. He maintains tliat the growth of 
the hind-gut keeps pace with that of the liind-end of the embryo, and ‘ buds back- 
wards past its cloaca! orifice, past its old teiniination in the allantois, and forms 
the portion of the hind-gut distal to the allantois ’ ; this portion he terms the 


Fig. 218. — Tail end of human embryo from 
fifteen lo eighteen days old. (From model by 
Keibol.) 
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Fi(i. 219. — Cloaca and appendages of 
human embryo from twenty-five lo 
twenty-seven days old. (From 
model by Keibel.) 



Fig. 220. — Tail end of human embryo, from eight and a half to nine w(‘eks old, 
(From model by Keibel.) 



post-allantoic gut (figs. 221, 222). ‘The cloacal opening of the hind-gut is now 
normally lost ; originally a small opening in the embryo of 12 somites (which 
is ab«ut 2 mm. in total length), the rajnd growth of the hind-gut, the post- 
allantoic gut, and of the allantois itself, together with the lateral infolding of the 
wall described by Keibel, serve to close the opening of the hind-gut into the cloaca ' 
(fig. 223). This view, which affords a satisfactory explanation of the varieties of 
imperforate rectum and anus which are sometimes found, leads to the conclusion 

* Consult, in this connection, the following article : ‘ A Contribution to the Moj-phology of 
the Human Torino-genital Tnict,’ by 1). Berry Hart, M.D., F.R.O.P.E. Journal of Anatomy and 
Physiology^ April 1901, vol. xxxv. 

f * 'J'he Nature of the Malformations of the Rectum and Urogenital Passages,’ by F. Wood- 
Jones, M.B., B.Sc., M.K.C.S. Jiritish Medical Jtotrnal, December 17, 1904. 



DEVELOPMENT OF THE ALIMEN^rARY CANAL ' 163 

Fjg. 221.— Diagram to illustrate the development xrf the post-allantoic gut. The hind- 
gut opens freely into the cloaca. (After Wood-f Jones.) 



Fr<.'. 222. — Diagram to illustrate the further do\ lopmenl of the post-allantoic gut. The 
liind-gut. still opens into the cloaca. 1’hc opening of the Mullerian ducts is also seen. 
( A f tor Wood- J ones. ) 



Fu:. 223.-' Diagram to illustrate the separation of the hind-gut from the cloaca. The 
nind-gut has now lost its cloacal ojiening. The post-allantoic gut is about to meet the 
proetocbeal depression. (After Wood-Jones.) 



M 


Genital eminence 


JProctodceum 



164 


EMBRYOLOGY 


that the cloaca does not' contribute to the lorJI^Uabu of the rectum, and that 
the septa wliicli have been de&cribed as fusing in the middle line to form the 
perinieinn ajc non-existent. 

Fio. 224. — Diagram to iJliistrate the formation of llie vagina, bladder, and urethra. 
The Miillerian ducts have lost their opening into the urogenital sinus, and the new 
solid vagina has grown down and later becomes canalised. (Aftei* Wood- Jones.) 



The liver arises in the form of a diverticulum or hollow outgrowth from the 
ventral siirfac(^ of that portion of the gut which afterwards becomes the second 
part of the duodenum (tigs. 208, 225). This diverticulum is lined bv ento- 
derm, and grows upAvards and forwards into the septum transversum, and there 
gives off two solid Inids of cells which represent the light and the left Iob(‘s of 
the liver. The solid buds of C(‘lls grow into columns or cylinders, lenm‘d the 


Fuj. 225. — Liver Anth the sej)luin transversum. Tlumaii embryo 15 mm. long. 
(After model and figure by His.) 
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hepatic cylinders^ Avhich branch and aiiastouioso to form a close meshwork. This 
netAA’ork invades the Autelline and umbilical veins, and breaks up these vessels 
into a series of capillary-like A^essels termed sinusoids (Minot), which ramify in the 
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meshes of the cellular networfc’lBiAd ultimately fonh^'flie venous capillaries of the 
liver. By the continued growth and jeamification of the hepatic cylinders the 
mass of the liver is gradually formed. The original diverticulum from the 
duodenum forms the common bile-duct, and from this the cystic duct and gall- 
bladder arise as a hollow evagination. 

As the liver undergoes enlargement, both it and the vcjitral mesogastrium of 
the fore-gut are gradually differentiated from the septum transversum ; and from 
the under surface of the latter the liver projects downwards into the abdominal 
cavity. By the growth of the liver the ventral mesogastrium is divided into two 


Fig. 220. — Pancreatic buds from a human Fig. 227. — Pancreas of a human embryo 
embryo 7*5 mm. long. (Kollmann.) of live weeks. (Kollmann.) 



])arts, (»f which the anterior forms the falciform and coronary ligaments, and the 
f)ost(Mior the gastro-hepatic omentum. About the third month thc! liver almost 
fills the abdominal cavity, and its left lobe is nearly as large as its right. From 
this ])criod thc relative development of thc liver is less active, more especially that 
of thc loft lobe, which actually nndci-goes some degeneration and beconujs smaller 
than thc. right ; but up to the end of hetal life the liver remains relatively larger 
than in the adult. 

Th(j pancreas (figs. 226 to 228). — Tlie pancreas is developed u) two parts, a 
doi'sal and a ventral. The former arises as a diverticulum frotii the dorsal aspect 
of the duodenum a short distance above the hepatic diverticulum, and, growing 
llp^^ards and backwards into the dorsal 

mesogastrium, l^^is the body and tail of 228. — Pancreas of human embryo 

the pancreas. Xhe ventral part appears at cud of sixth week. {Kollmann.) 
in the form of two diverticula, cranial 
and caudal, from the primitive bile-duct; 
tlie caudal enlarges to form the head of the 
p-oicreas, while the cranial atrophies and 
disappears. The duct of the dorsal part 
(duct of Santorini) tliereforc, opens into tlic 
duodenum, while that of the ventral part 
(duct of Wirsung) terminates with tlie com- 
juuii bile-duct. During the sixth week, in 
consequence of the rotation of tiie duo- 
denum, the two parts of the pancreas meet 
and fuse, and a communication is established 
between their ducts. After this has occurred Bile-duct hurt of Wi suutf 
the terminal part of the duct of Santorini, 

i.e. the part between the duodenum and the point of meeting of the two ducts, 
undergoes little or no enlargement, while the duct of AVirsuiig increases in siz.e 
and forms the main duct of the gland. Thc opening of the duct of Santorini 
into the duodenum is sometimes obliterated, and even when it remains patent it 
is probable that the whole of the pancreatic secretion is conveyed through the 
duct of Wirsung. 

At first the pancreas is directed upwards and backwards between the two 
layers of the dorsal mesogastrium wliicli give to it a complete peritoneal invest- 
ment, and its surfaces look to the right and left. With the change in thc position 
of the stomach the dorsal mesogastrium is drawn downwards and to thc left, and 
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the right side of the pancreas is directed backwards and the left forwards. The 
right surface becomes applied to the posterior abdominal wall, and the peritoneum 
which covered it undergoes absorption ; and thus, in the adult, the gland appears 
to lie behind the peritoneal cavity. 

The spleen (fig. 211). — Although the spleen belongs to the group of ductless 
glands, its development may be conveniently referred to here. It appears in the 
second month as a localised thickening of the mesoderm in the dorsal meso- 
gastrium above the tail of the pancreas. It grows towards the left side of the 
dorsal mesogastrium, and thus comes into contact with the right surface of the 
stomach. With the change in position of this viscus the spleen is carried to the 
left, and comes to lie behind the cardiac part of the stomach and in contact witli 
the left kidney. The part of the dorsal mesogastrium which intervened between 
the spleen and the greater curvaiure of the stomach forms the gastro-splenic 
omentum. 

The Respiratory Organs. — Towards the end of the third week a deep longi- 
tudinal furrow (figs. 203 and 201) appears in the ventral wall of the fore-gut, 
commencing at the level of the fourth visceral arch and reaching backwards 
nearly as far as the stomach. It is bounded in front by an elevation termed the 



/urcula (page 154) and laterally by two ridges. By the union of the posterior parts 
(d the two ridges the groove; is converted into a tube-like diverticulum, which is 
lijied by entoderm and grows backwards on the ventral aspect of the a*8ophagus ; 
from the entoderm the epithelial lining of the entire respiratory tract is developed. 
The uj)per end of this diverticulum is expanded to form the larynx ; the furcula 
is the future ei)iglottis, and the upper parts of the lateral ridges constitute the 
ary teno- epiglottidean folds. The thyroid cartilage is developed from the cartilages 
of tlu* fouTth and fifth visceral arches, while that of the sixth visceral arch appears 
to be modified to form the cricoid and arytenoid cartilages and the cartilages of 
the trachea. 

The lower end of the tube-like diverticulum bifurcates into a larger right and 
a smaller left bud, tbe right and left lung buds, the stalks of which form the right 
and left bronchi. The right divides into three and the left into two parts ; 
these subdivisions are the early indications of the corresponding lobes of the; 
lungs (fig. 208). The buds undergo further subdivision and ramification, and 
ultimately end in minute expanded extremities — ^the infundibula of the lung. 
After the sixth month the air-sacs begin to make their appearance on the 
infundibula in the form of minute pouches. The pulmonary arteries are derived 
from the sixth aortic arches. 
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The Diaphragm and pleur» (figs. 229 and 230).— The following description 
is based on that given by Keith.* The central tendon of the Diaphragm is derived 
from the septum transversum ; each half of its muscular portion is developed in 
two parts, viz. : (a) a sterno-costal portion, derived from tKe ventral longitudinal 
musculature of the embryonic neck ; and (5) a spinal or vertebral portion, 
arising from the bodies of the vertebree and arcuate ligaments, and derived from 
the cervical part of the Trans versalis. The pleuro-peritoneal opening is closed by 
the approximation of the sterno-costal and vertebral parts ; and the spino-costal 
fibrous hiatus, best seen on the left half of the adult Diaphragm, marks its 
position after closure. Sometimes the opening remains patent, and may allow 
of the formation of a congenital diaphragmatic hernia. 

The formation or separation of the Diaphragm — for at first it forms part of 
the wall of the body-cavity — results from the development of the pleural cavities 

J^^TG. 230. — The thoracic aspect of the Diaphragm of a newly born child in which the 
communication between the peritoneum and pleura has not been closed on the left 
side ; the position of the opening is marked on the right side by the spino-costal hiatus. 
(After Keith.) 



and lungs. The lung buds ap])ear in the cervical region of the embryo, and tiny, 
logethoT with the f)ints of the ca'lorn in which they are contained, undergo a 
rapid development, growing forwards and outwards into the tissue of the dorsal 
])art of the septum transversum and of the body-wall ; within that tissue the 
pleural cavities are excavated. 'Flic pleural cavities also develop within the 
body-wall towards the ventral median line, thus separating the pericardium from 
the latei’al thoracic wall (sec arrows in fig. 229). In this manner the pleural 
cavities are excavatesd within the body- wall, dorsal to and on each side of the 
pericardium. The formation of the pleural cavities separates an inner layer 
from the veiitro-lateral aspect of the body-wall to form the sterno-costal 
part of the Diaphragm, and also an inner layer from the dorsal aspect of the body- 
wall to form the vertebral part of the Diaphragm. 


DEVELOPMENT OF THE URINARY AND GENERATIVE ORGANS 

The urinary and generative organs are developed from the intermediate cell- 
mass which is situated between the primitive segments and the lateral plates of 
mesoderm. The permanent oj’gans of the adult are preceded by a set of structures 
which are purely embryonic, and which with the exception of the ducts disappeai* 
almost entirely before the end of foetal life. These embryonic structures are on 
either side : the pronephros, the mesonephros, the Wolffian and Mullerian ducts. 
The pronephros disappears very early ; the structural elements of the 
mesonephros mostly degenerate, but in their place is developed the genital gland 

^ * Human Kmhryolo^y and Morphology^ by Arthur Keith. JVI.D., F.U.O.S., 2nd edition, 1904. 
Consult also an article on the development of the Dia})hragm, by the same author, in 
vol. xxxix. of the Journal of Anatomy and Physiology. 
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in association with whicli the rcinains as the duct of the male 

genital gland, the Mullerian as that of the female. . i . 

The Pronephros and Wolffian duct. — In the outer part of the intermediate 
cell-mass, immediatelj^ under the ectoderm, a longitudinal cord of cells makes its 
appearance. This cellular cord sinks into the subjacent mesoderm, and, acquiring 
a lumen, constitutes the Wolffian duct* which passes backwards and opens into 
the ventral part of the cloaca. 

In front of the duct there are developed a number of tubules which form the 
'pronephros or hcad-hidneif — an early (»mbryonic structure in all vertebrates. This 
consists of a series of transverse tubules which open into a duct termed the pro- 
nephric duct ; this duct is continuous posteriorly with the Wolffian duct. Each 
pronephric tubule commuincates by means of a funnel-shaped ciliated opening 
with the ca'lomic cavity, and in the course of each duct a glomerulus also is 
developed. Tlu^ pronephros undergoes rapid atrophy and practically disappears. 
In th(i female tlie i<Mnains of it are probably represented by tlic hydatids of 
Morgagni at the fimbriated end of the Fallopian tube ; in the male, by th(» stalked 
hydatid at the upper end of the testicle. 

Fia. 231. — Section of tlic urogenital area of a chick embryo of the fourth day. 

(Waldcyer.) 
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The Mesonephros, Mullerian duct, and Genital gland. — On the inner side of the 
Wolffian duct a series of tubules, the Wolffian tubules, arc developed. Each tubule 
opens externally into the duct, while its opposite cjkI is invaginated by a tuft of 
capillary blood-vessels to form a glomerulus. These tubules increase in number, 
and collectively constitute the mesonephros or Wolffian body (figs. 231, 232). 
At the beginning of the second month this body forms an elongated spindle- 
shap(*d structure, which })rojects into the coelomic cavity at the side of the dorsal 
mesentery, and reaches froiri the septum transversum in front to the fifth luTubar 
somite behind. The AVolffian body persists and forms the permanent kidney in 
fishes and amphibiajis, ))\it in reptiles, birds, and mammals it is superseded l)y 
the nui€nephros, whicli forms the permanent kidney in these animals. The 
anterior tubules of tin* W^oliriaii body become attached to the sexual eminence 
or gemtal ridge from whicli the ovary in the female and the testicle in the male 
are developed. During the development of the permanent kidneys, the W'olffian 
bodies atrophy, and this jirocess proceeds to a much greater extent in the female 
than in the male. 


* The Wolffian duct is regarded hy some onihryologists as being of ectodermal origin, 
formed by a longitudinal invagination of the ectoderm which overlies the intermediate cell- 
mass. 
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JiJ the male the Wolffian duct forma the tube of the epididymia, 

th(‘ vas deferens, and common ejaculfrtiory. duct, while the seminal vesicle arises 
ii« a lateral diverticulum from its hinder end. The anterior Wolffian tubules 
form the rete testis, vasa efferentia, and coni vasculosi of the testicle ; while the 
posterior tubules are represented by the vasa aberrantia of the globus mijior, and 
by the organ of Giraldes, wliich is sometimes found in front of the spermatic cord 
above the globus major (fig. 235, f‘). 


Fio. 232. — Knlargcd view from the front of the left Wolffian body before the 
establishment of the distinction of sex. (From Farrc. after Kobelt.) 



•t, ii, ti, ff, 'J’ubiilar striiol.iirt* of tlu* Wolffian botly. WolIT mi diu*l. /. Its iipp'T extremity, y. Jt- termmatioM 
in T, the iiro^omtal //. The iliiet of Mullrr. *. its u]i[»fr, liimiel-sliapofl ojctremity. it-i low rr cm I, 

tcrniinatinf» m the nro^'cnital sinii^. 1. The L'enital ridfjo, tivar> or to»<tu‘ii‘. 

Tn the hniale the WoUliaii bodies and ducts atrophy. The remains of the 
Wolllian tubules are represented by the epoophoion or orgaji of Kosemniiller, 
and the paroophoron, two small collections of rudiiiKintary blind tubules whicli 
ar(* situated in tJu* mesosalpinx (fig. 233). The lower pari- of the Wolffian duct 
disappears, while the up})or pari persists as tlie fiinctionl(*ss duct of (birtner* 
(tig. 235, ij.) 


Fio. 23.3. — Adult ovary. ]>ai“ovariuin, and Fallopian tube. 
(From iarre, after Kobelt.) 



u J'Jpoophoroii formed from the upper p.-irt of the Wolffian body. b. Ilermiins of the uppermost tuhe-- somotmioa 
formluff hydatids, r. :Middlo set of tubes, d. r'ome lower atrophied I, obi's, e. AtropJiied reiiiHins of the Wolthaii 
duet. y. 'Phe terminal bulb or hydatid, h. 'I’he Kallupian tube, oripinully the duct of Muller. ?. Ilvdatul attnohcd 
to the extremity. L 'rheo\arv 


The suprarenal bodies are generally regarded as being developed from two 
sources. The medullary part of the organ is of ectodermal origin, and is derived 
from the tissues forming the sympathetic ganglia of the abdomen, while the cortical 
portion is of mesodermal origin, and appears to be derived from invaghiations 
of that portion of the coolomic epithelium which overlies the Wolffian body. The 

* Berry Hart {nj). rii.) has described tlie Wolffian ducts as ending at the site of the future 
hymen in bulbous enlargements, which he has named the Wolffia/i hulh»\ and states that the 
hymen is formed by these bulbs, ‘ aided by a special involution frimi below of the cells lining 
the urogenital sinus.’ He further believes that ‘ the lower tliird of the vagina is due to the 
coalescence of the upper iiortion of the urogenital sinus and the lower ends of the AVolffian 
duets,’ and that * the epithelial lining of the vagina is derived from the AVolffian bulbs.’ He 
also regards the colliculus seminalis of the male urethra as being formed from tlio lower part 
the Wolffian ducts. 
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two parts are at first quite distinct, but become combined in the process of develop- 
ment. The suprarenal bodies are at first larger than the kidneys ; about the 
tenth week they equal them in size, and from that time decrease relatively to the 
kidneys, tliough they* remain, throughout foetal life, proportionately much larger 
than in the adult. 

The Mullerian ducts . — Shortly after the formation of the Wolffian ducts a 
second pair of ducts is developed ; these are named the Mullerian ducts. Each 
arises on the outer aspect of the corresponding Wolffian body as a tubular invagi- 
nation of the colls lining the coelom (fig. 231). Tlui orifice of the invagination 
remains patent, and undergoes enlargement and modification to form the 
abdominal ostium of the Fallopian tube. The ducts pass backwards on the outer 
aspects of the Wolffian bodies, but towards the posterior end of the embr}m they 
cross to the inner side of the Wolffian ducts, and thus come to lie side by side 
between and behind the latter — the four ducts forming what is termed the genital 
cord (fig. 23-J). 

LTltimatcly, the Mullerian ducts oi)en into the ventral part of the cloaca between 
the orifices of tin; Wolffian ducts, and terminate on an elevation named the 
Mallerian eminence (fig. 234). Berry Hart describes them as ending blindly on 
this eminence. 

Tn the male the Miillerian ducts atrophy, but traces of their anterior ends are 
represented by the sessile hydatids of the epididymis, while their terminal fused 

portions form the uterus masculinus or sinus 
Fig. 2.34.— Urogenital sinus of female pocularis in th(; floor of the prostatic portion 
human embryo of eight and a half of the urethra (fig. 235, c). 

In the female the Miillerian ducts persist 
and undergo furthei* development. The 
portions which lie in the genital cord fuse 
to form the uterus and vagina ; the parts 
in front of this cord remain sej^arate, and 
each forms the corresponding Fallopian 
tube — the abdominal ostium of which is 
developed from the anterior extremity ol 
the original tubular invagination froui the 
coelom (fig. 235, n). The fusion of the 
Miillerian ducts begins in the third month, 
and the septum formed by their fused mes- 
ial walls disappears from below upwards, 
and thus the cavities of the vagina 
and uterus are produced. About the 
fifth month an annular constriction marks 
the position of the neck of the uterus, 
and after the sixth month the walls of 
the uterus begin to thicken. The development of the vagina in the manner 
just d(;scribed would necessitate the growth of a septum between it and the urethra ; 
but Wood-Joues {op. cit.) maintains that no such septum exists, and that ‘ the 
vagina is, for a great part of foetal life, a solid rod, and not an open canal at all ’ 
(fig. 22-J). He says : ‘Early in the history of the embryo the Miillerian ducts 
open into the urogenital sinus at its upper part (fig. 223) ; late in its history they 
open at the hind-end of the vagina, and for a considerable interval they have 
no opening at all — the old one being lost and the new one not yet formed. No 
septal division is employed in this change ; but as the hind-gut, when its cloacal 
opening is lost, re-establishes communication with the exterior by a new down- 
growth, so the Mullerian ducts, when their cloacal opening becomes obliterated, 
tunnel new passagi; to the hind-end. The active agents in this strange growth 
are two epithelial massi‘s that have been described by Berry Hart as the Wolffian 
bulbs, but to give this name to them is to give a definite idea as to their origin, 
and this seems to be by no means clear.’ 

Genital gland . — The first appearance of the genital gland is essentially 
the same in the two sexes, and consists in a thickening of the epithelial 
layer which lines the peritoneal or body cavity on the inner side of the Wolffian 
ridge. Beneath this thickened epithelium an increase in the mesoderm takes 
place, forming a distinct projection. This is termed the genital ridge (fig. 23]), 
and from it the testis in the male and the ovary in the female are developed. 


to nine weeks old. 

Mullerian diietii 




DEVELOPMENT OP URINAEY AND GENERATIVE ORGANS 171 


Fl». 236 .— IK^grams to diow the devel- 
opment of mftl© and female generative 
organs from a common type. (Allen 
Thomson.) 


A. — Diagram of the primitive urogeniUil organs in the 
embryo previous to sexual distinctioTi. 

3, Ureter. 4. Urinai’y bladder. 5. Vrachus. cl. 
Ulotica. cp. Elevation ^^hich beromes clitori? or penis. 

l, Lower part of tho intealiue. la. I'old of inieguineut 
from which tho labia niajora or scrotum are forinisl, 

m, m. liight and left Mullerian ducts uniting togetlier 
and ninnhig with tho ’VVulUian duets in </r, the genital 
cord. at. The genital ridge from wliieh eitiicr timovito 
or testicle is formed. «</. Pitius urofjenit.il is. U'. Left 
Wolffian luifl.v. ff, w. IMght and left Wollhan cIimM**. 



Ji. — Jhiigruni of the female type of sexual 
organs. 

r. Gland of JJart holm, and immediateh 
above it tho urotlira. rr. ( 'or]itis e.iv ern- 
osiiin ehiondis. dG. lleniaitib of the left 
\^'ollllall duct, .such as give ri.se to the 
dm t of Gartnei, repr<‘sentcd hv liolted 
line-: th.at of the right sale i.s inai ked «. 
'. 'I'he abdominal openm.g of tin left 
I'alloiuaii tube. r/. Round ligament, corre 
.-fxinding to imbernaeuliim. /i. Htuation 
of tlie hj'moil. i. liower p.irt of tlie 
inti-stuie. ?. Jiabmin. «. .Nympha. o. Tli«‘ 
lefi ovary, po. i’arovariuiu (epooiilioroii 
of Waldoyer;. .vc. \ iwoiilai* bulb or eoijm- 
s|ioiigk».''Uni 'll. iJteru.s. The P'ullopi.in 
lube of the light, side is marked ?//. 
c. \ul\a. frt. Vagina. 11. S-atlered 
iciiiaiiis of Wollliaii tubes near il f[»ar- 
uopjioroii ol Waldeyor). 



C'.- Djagriiiii of the male type of scxii.'d 
organs. 

C\ (Jowper's gland of one side. cp. t’orpoi.i 
cav erriosa penis cut sliort. c. Caput ejiididyniip, 
f/. The gubernaculura. t. Lower part of the 
intastiuo. m. Miillerian duct, the upper part 
of which remains as the hydatid of Morgagni ; 
the lower part, reprebcnicd by a dotted line 
descending to tlic prostutic vesiede, constitutes 
the oeeasionully existing cornu and tube of 
the uterus masculinus. pr. Tho prostate gland. 
a. Scrotum, sp. Corpus spongiosum uretlu-a*. 
/. Testicle in the place of its original forma- 
tion. together with the dotted lines above, 
indicates the direction in whicdi tlie testicle 
and epididymis descend from the abdomen 
into the scrotum, vd. Vas deferens. rA. A'as 
aberrans. vg. The vesiculu scmiualis. W. 
Scattered remaitis of the Wolffian body, con- 
btltiiUng the organ of Giraldi?s, or the para- 
didymis of Waldeyer. 
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among thfem.’ They can be further recognised by their irregular form and amoeboid 
processes, and by the fact that their cytoplasm hfii no affinity for ordinary stains, but 
assumes a brownish tinge when treated by osmic ao;d. The path along which they travel 
into the embryo is a very definite one— viz. * from the yolk-sae upwards between the 
splanchnopleure and gut in the hinder portion of the embryo.’ This pathway, named by 
lieard the germinal ‘ leads them directly to the position which they ought finally 
to take up in the “ germinal ridge ” or nidus.’ A considerable number apparently never 
reacli their proper destination, since ‘ vagrant germ -cells are found in all sorts of places, 
but more particularly on the mesentery.’ Some of these may possibly find their way into 
the germinal ridge ; some probably undergo atrophy, while others may persist and become 
the seat of dermoid tumours. 

The testis is developed in a very similar way to the ovary. Like the ovary, 
in its earliest stages it consists of a central mass of connective tissue covered by 
germinal epithelium, among which larger cells, the ‘primitive sperm-cells, arc seen. 
These are earned into the subjacent stroma by tubes of germinal epithelium, 
which form the lining of the seminiferous tubules. • while the primitive sperm- 
cells form the spermatogonia. ^Fln^ seminiferous tubules become connected with 
outgrowths from the Wolffian body, which, as before inentionod, form the retc 
testis and vasa efferentia. 

Descent of the testes. — Tlie t(»st(*s, at an early period of fcctal life, are 
placed at the back part of the abdominal cavity, behind the peritoneum and a 
little below the kidneys ; their anterior surfae(‘s and sides are invested by peri- 
toneum. About the third month of iiitra-uterine life a peculiar stru(;ture, 
the (jubernaeuhim testis, makes its appearance. This is at first a slender band, 
extending from that part of the skin of the groin wdiich afteiwvaids forms the 
scrotum through the inguinal canal to the body and epididymis of the testis, 
and thence continued upwards in front of the kidney towards the Diaphragm. 
As dev(*loprnent advances, the ])erifoneuni covering the testis (mcloses it and 
forms a mesentery, the mesorehiim, which enclos(‘,3 also the gubernaculum and 
iorms two folds, one above the t(‘stis and the other below' it. The one above the 
testis is the plica vascularis, and contains ultiiriately the s})erinati(* vessels ; 
the one below, plica (/uhernatrix, contains the lower part of the gubernaculum, 
which has now* grown into a thick cord ; it terminates below’ at the int(‘rnal ring 
in a tube of peritoneum, the processus vagiiiah’s, which protrudes itself dowui the 
inguinal canal. The lower part of the gubernaculum by the fifth month has 
become a thick cord, while the upjx'i* part has disappeared. The lovvei* jiart can 
now be seen) to consist of a central core of unstri})ed muscle-fibre, and outside this 
of a firm layer of strijied elements, connected, behind the peritoneum, with the 
abdominal w all. As the scrotum develops, the main portion of the low er end of 
the gubernaculum is carried with the skin to w'hich it is atta(*h(*d to the bottom 
ot this pouch ; other bands are carried to the inner side of the thigh and to the 
perineum . The fold of peritoneum constituting the processus vaginalis proj ects itself 
downw ards into th(‘ inguinal canal, and emerges at the external abdominal ring, 
pushing before it apart of the Internal oblique and the*- aponeurosis of the External 
oblique, w^hieh form respectively the Cremaster muscle and the external spermatic 
lascia. It forms a gradually elongating pouch or cul-de-sac, which eventually reaches 
the bottojn of the scrotum, and behind this the testis is drawn by the growth of the 
body of the fretus, for the gubernaculum does not grow coinmensurately with 
the growth of other parts, and therefore the testis, being attached by the 
gubernaculum to the bottom of the serotuin, is prevented from rising as the body 
grows, and is drawn first into the inguinal canal and eventually into the scrotum. 
It seems certain also that the gii bernacular cord becomes shortened as develop- 
ment proceeds, and this assists in causing the testis to reach the bottom of the 
scrotum. By the eighth month the testis has reached the scrotum, preceded 
by the lengthened pouch of peritoneum, the processus vaginalis, which com- 
municates by its upper extremity wdth the peritoneal cavity. Just before birth 
the upper part of the pouch usually becomes closed, and this obliteration extends 
gradually downwards to within a short distance of the testis. The process of 
peritoneum surrounding the testis is now entirely cut off from the general 
peritoneal cavity and constitutes the tunica vaginalis.* 


* The obliteration of the process of peritoneum which accompanies the coni, and is hence 
called Xhe funicular pr(tvv»8, is often incomplete. 



174 


EMBRYOLOGY 


In the fcniHle there is also a gubcrnaculum, which effects a considerable change 
in the position of the ovary, though not so extensive a change as in that of the testis 
in the male. The gubemaculum in the female, as it lies on either side in contact 
with the fundus of the uterus, contracts adhesions to this organ, and thus the 
ovary is prevented from descending below this level. The upper part of the 

gubemaculum, i.e. the part between the 
ovary and the uterus, becomes ultimately 
the round ligament of the ovar}", while 
the lower part, i.e. the part between the 
attachment of the cord to the utems and 
its termination in tlie labium majus, 
ultimately forms the round ligament of 
the uterus. A pouch of peritoneum 
analogous to the processus vaginalis in 
the male accompanies it along the in- 
guinal canal : it is called the canal of NueJe, 
In rare cases the gubemaculum may fail 
to contract adhesions to the uterus, and 
then the ovary descends through the? 
inguinal canal into the labium majus, 
extending down the canal of Nuck, and 
under these circumstances its position 
resembles that of the testis in the male. 


Fio. 238. — Tail end of human embryo of 
tw^enty-fivc to .twrenty-nine days old. 
( From model by Kcibel. ) 
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The Metanephros or Permanent Kidney. — Tlie rudiments of the permanent 
kidneys make their appearance about the end of the first or beginning of the 
second month. Each arises as a diverticulum from tlie hind-end of the WolfKan 
duct, close to where tlie latter opens into the cloaca (figs. 238, 239). This diverti- 
culum grows up\yards and forwards into the poslerioi* part of the intermediate 
cell-mass, where its blind or anterior extremity becomes dilated and subsecjuentlv 
divides into several buds, which 
form the rudiments of tin* pelvis 
and calyces of the kidney. By 
further subdivision it gives rise to 
the collecting tubules of the kidney ; 
whether the secretory tubules are 
developed from tin* renal diverti- 
culum or from the surrounding 
mesoderm is not as yet dt^ter- 
mined. The mesoderm around the 
subdivisions of the divcnticulum 
becomes condensed to form the 
connective tissue and ve.ssels of 
the kidney. The diverticulum is 
elongated to form the ureter, the 
posterior extremity of w hich opens 
at first into the hind-end of the 
Wolffian duct ; aft(u* the sixth w'eek 
it separates from the Wolffian duct, 
and opens independently into the part of the cloaca which ultimately becomes 
the bladder (tig. 210). The manner in which this separation is brought about is 
not fully knowui.* 

The secretory tubules of the kidney become arranged into pyramidal masses 


Kkj. 239. — Tail end of liiirnan embryo of thirty- 
two to thirty-three days old. (From model 
by Keibcl.) 



* The separation of the ureter from the Wolffian liiict may be brought about by the 
absorption of the hinder end of the latter into the genito- urinary chamber, and by the growth 
of the wall of this chamber between the openings. Robinson (^Prorcodings of tlu'- Analvmival 
Society of (ireat Jiritain and frclaTid^ May 1903, page Ixiii) states, regarding an embryo of 
about seven yveeks, that ‘ from the posterior or lower opening of the Wolffian duct a grooved 
ridge, the Wolffian Icdgc^ runs caudal ly on the wall of the genito-urinary chamber and gradu- 
ally disappears at the junction of the Wolffian angle with the body of the chamber. Tlie 
lateral margins of the groove arc continuous anteriorly with the lateral margins of thts Wolffian 
duct, and apparently fuse tngetlier to form the ventral wall of the lower part of the duct. 
Obviously, if the lateral margins of the groove were to fuse from before backwards, the aperture 
of the Wolffian duct would be carried further backward in the chamber, and its distance from 
the opening of the ureter increased.’ 
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or lobules, and the lobulated condition of the kidneys exists for some time after 
birth, while traces of it may be found even in the adult. The kidney of the ox 
and many other animals remains lobulated throughout life. 

The Urethra. — In the female the urethra is formed from*the upper part of the 
urogenital sinus, viz. that part which lies above the openings of the Wolffian and 
Mullerian ducts. The portion of the sinus below these openings becomes gradually 
shortened, and is ultimately opened out to form the vestibule, and in this manner 
the urethra and vagina come to open separately on the surface. Wood-Jonca 
regards the female urethra as ‘ the cloacal remnant in its simplest form,’ and 
])oints out that it does not remain tubular throughout foetal life, but is for a time 
‘ obliterated more or loss completely by the proliferation of the vaginal bulbs.’ 
Developmen tally considered, the male urethra consists of two parts : (1) the 
prostatic and membranous portions, which are derived from the urogenital sinus, 
and correspond to the whole of the female urethra ; (2) the penile portion, which 
is formed by the fusion of the inner genital folds (see below). 

The Prostate Gland originally consists of two separate portions, each of which 
arises as a series of diverticular buds from the epithelial fining of the urogenital 
sinus, between the third and fourth months. These buds become tubular, and 
form the glandular substance of the two lobes, which ultimately meet and fuse 
bohind the urethra and also extend on to its ventral aspect. The third or middle 
lobe is formed as an extension 
of tlie lateral lobes between the 
common ejaculatory ducts and the 
bladder. Skene s ducts in the 
female urethra are regarded as 
the homologues of the prostatic 
glands. 

The (flands of Cowper in the 
male, and of Bartholin in tlu' 
female, also arise as divc'Tticula 
from the epithelial lining of th<* 
urogenital sinus. 

The Urinary Bladder.- The 
1 rigone of the bladder is formed 
Iroin the upper part of the 
iiiogenital sinus (page 161); the 
remainder of the viscus is devel- 
oped from the part of the (doaca 
which lies above the sinus (fig. 239). 

The bladder is at first tubular in 
shape, its canal being continuous 
with that ol the allantois, but 
after tne secemd month its cavity expands to form a sa(!, from the summit of 
wnicli tin? tube of the allantois extends to the umbilicus; this tube undergoes 
o iteration to form the fibrous cord of the urachus. In some cases the allantoic 
canal remains patent, and urine may escape by it at the umbilicus. Tf the urethra 
be upon as the remnant of the cloaca, then the bladder, with the exception 

ot the trigone., must be regarded as being developed by a dilatation of the proximal 
part of the allantois. • 

The External Organs of Generation (fig. 24-1), like the internal, pass during 
development through an indillerent stage in which there is no distinction of sex. 

( thxircfore necessary to describe this stage, and then follow the development 
ot the female and male organs respectively. 

As already stated (page 161), the cloacal membrane, which is composed of 
ectoderm and entoderm, originally reaches from the umbilicus to the tail. The 
mesoderni around the cloacal chamber gradually extends between the layers of 
e membrane, stopping short, however, round the margins of the entodermal 
bilaminar cloacal membrane is limited to this part. About 
tne htth week a prominence, the genital tubercle, arises in front of the cloacal 
nembrane, while at the sides the edges of the mesoderm are elevated to form the 
tabio-scrotal or outer genital folds. 

the under surface of the genital tubercle the ectoderm is thickened, and at 
e apex of the tubercle projects forwards as an epithelial horn. In this ectodermal 




Fio. 240. — Tail end of human embryo, from 
eight and a half to nine weeks old. (From 
model by Keibel.) 
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tliickcuirig a longitudinal groove, the genital groove, appears, and into its lips 
the mesoderm extends to form tlic inner genital fohh. After the rupture of the 
cloacal membrane this groove becomes continuous with the urogenital sinus. 
AVith the formation 'of these parts the indifferent stage of the external genital 
organs is reached. 

In the female this stage is largely retained ; the lower part of the urogenital 
sinus persists as the vestibule, the genital tuben^le forms the clitoris, the labio- 
scrotal folds the labia majora, and the inner genital folds tin? labia minora. 

Fia. 241. — Stages in the development of the cxloi nal sexual organs in the male and 
female. (Drawn from the Eeker-Ziegler models.) 
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In th(» male the cdianges are greater on account of the development of the 
penile portion ol the urethra. The genital tubercle enlarges to form the corpora 
cavernosa and gla ns p(inis. The lips of the inner genital folds meet and fuse from 
behind forwards to form the penile urethra, the bulb, and the corpus spongiosum, 
ine part of the urethral groove on the glans penis is closed independently, and 
the last P^^’t of the urethral tube to be completed is that at the junction of the 
glans and body of the penis. If the lips of the groove fail to close, the condition 
known as hypospadias results. 
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The labio-scrotal folds ineet and unite in the middle li'ftc to form the scrotum, 
their line of union being indicated by the median raphe. 

The frefuce is formed by the growth of a solid plate of ectoderm into the 
superficial part of the genital tubercle ; on coronal sectieu this plate presents 
the sliape of a horseshoe. By the breaking down of its more centrally situated 
cells this plate is split into two hunelljc, and a cutaneous fold, the prepuce, is 
liberated and forms a hood oven- the glans. ‘ Adherent prepuc6 is not an adhesion 
really, but a hindered central desquamation ’ (Berry Hart, op. cit.),* 

The homologies of the different parts of the sexual orgajis may be stated in 
tabular form as follows : — 


Tndifferknt Staoe I Male Fpjmai.k 


Genital rid}j;('. ' Testis. Ovary. 

Wolffian body. . Rete testis, vasa efferentia, Epobphoron or organ of 
coni vasculosi, organ of Roseiimiillcr. Parooph- 

Giraldes. oron. 

Wolffian duct . Canal of cpididvii.’s, vas Hydatid of Morgagni. 

deferens, common (qaeu- (Duct of Gartner.) 

latory duet. Seminal 

vesicle. 

Miiihirian ducts Sessile hydatids of (‘pididy- Fallopian tubes, uterus, 

mes. Uterus masculinus. vagina. 

Genital tubercle Corpora cavernosa and glaj is Clitoris, 
penis. 

Urogenital sinus Prostatic and membranous Urethra. Vestibule, 

parts of urethra. 

Inner genital folds. Penile urethra, bulb and Labia minora, 

corpus spongiosum. 

Labio-scit)tal folds v^crotnin. Labia majora. 


J’HE FORM OF THR RMBRYO AT DltVERENT STAOES OF TTS (JUOWTH 

First Weak . — During the (uirly part of this ])criod the ovum is in the Fallopian tube. 
Bamig Imjcii fertilised in the upper part ol tlie tube, it slowly passes down, undergoing 
segmentation, and roaches the utoius before the end of the first week. Potersf 
described a specimen, the age of which he reckoned as from tlireo to four days. It was 
imbedded in the decidua on the posterior wall of the uterus and enveloped by a 
decidua eapsularis, the central part of which, however, consisted merely of a layer 
fibrin. The ovum w^as in the form of a sac, the outer wall of which consisted of a 
layer of trophoblast ; inside this was a thin layer of mesoderm (!om posed of round, 
oval, and spindle-shaped cells. Numerous Villous processes — some consisting of 
trophoblast only, others possessing a core of mesoderm —projected from the surface 

* SiHccr {JoNr?ial of Anaionu/ and Phtfuioloyy^yi^A. xliii. U)OU) describes the prepuce as 
arising in the form of an annular hood of inosoderinal tissue which proceeds forwards withuh 
the fiuh»tanv(‘ of the surroinidhiy v'pUhcUinu. -'J’he main portion of this liood springs from 
inesoblaslic tissue considerably posterior to the cervix glandis, in the form of a crescentic 
swelling or collar, and this creeps forward, burrowing always in the epithelial layers, bridging- 
over the groove of the cervix which is tilled with epidermal colls, and finally overlaxjs the body 
of the glans. This hood is the prepuce.’ 

‘ The epidermis covering the glans thus becomes divided into two layers: an outer, which 
forms the superficial covering of the prcimco. and an inner, which rcnuiins as a more or less 
solid layer between the prepuce and the glans until after birth. From it is differentiated a 
basal layer of cubical or cylindrical epitlielium to line the inner aspect of the prepuce, and 
another to cover the surface of the glans, while central desquamation ensues later and prejiaro.s 
the way for a movable prepuce.’ 

t Einbettunq de» Memchllrhen Eies. 1899. 

N 
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of the ovum iato the surrounding decidua. Inside this sac the rudiment of the 
ejnloryo was found in the form of a patch of ectoderm, covered by a small but 
completely closed anmion. It- possessed a minute yolk-sac and was surrounded by 
mesoderm, which wp« connected by a band to that lining the trophoblast (fig. 123).* 

Fig. 242. — ^Human embryo of about fifteen days old. (His.) 



Secojid Week . — By the end of this week the ovum has increased considerably in size, and 
the majority of its villi are vascularised. 'I’lic embryo has assumed a definite form, 
and its cephalic and caudal (extremities are (easily distinguished. The neural or 
medullary folds arc partly united. The embiyo is more completely separated from 


243. —Human cnihi yo helv\een eighteen and twenty-one days old. 
Mid-hrai)} 



(His.) 


the yolk-sac, and the paraxial mesoderm is being divided into the primitive segments 
. (fig. 242). 

Third Week , — By the (^nd of the third week the embryo is strongly curved, and the 
primitive segments num ber about thirty. The primary divisions of the brain ore visible, 


• IJrycC and Tea< Imv (^h'firh/ /Jcrrlo/^mrnf attd fmhvddhuj of thr Htivian 1908) hji\e 

d(‘scril»cd an ovum wliich they regard as lhiii(*eii to fourteen days old. In it the two vosicl(*s, 
the an)jiion and yolk-sac, were present, but there was jjo trace of a ]ay(jr of embryonic 
ectoderin. 'J’liey are of o])inioii that the ago oi l*eters’ ovum has been understated, and 
estimate it a*^ between 13J and 14 J tlay.s. 
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And the ooulor and auditory vesicles are formed- Four visceral clefts are present ; 
the Btomatodseum is well marked, and the bucco-pharyngoal membrane has dis- 
appeared. The rudiments of the limbs arc seen aS short buds, and the Wolffian bodies 
are visible (fig. 243). < • 

Fourth Weeh—The embryo is markedly curved on itself, and when viewed in profile 
is almost circular in outline. The cerebral hemispheres ap]()ear as hollow buds, and 
the elevations which form the rudiments of the pinna are visible. The limbs now 
appear as oval flattened projections (fig. 244). 


Fio. 244. — Human embryo, twenty-seven to thirty days old. (His.) 



Fifth W eak , — Ihc embryo is less curved and the head is relatively of large size. Differen- 
tiation of the limbs into iJieir segments occurs. The nose forms a short, llattencd 
projection. ITic genital tiibcrcJo is evident (fig. 245). 

Sixth Week . — The (uirvature of the embryo is further diminished. The visceral clefts — 
except the first — have disappeared, and the rudiments of the fingers and toes can 
he, recognised (fig. 246), 


Ficj. 245.— Human embryo, thirty-one to thirty-four days old. (His.) 
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SeveiUh and Eighth Weeks • — ^The ilexure of the head is gradually reduced and the neck 
is somewhat lengthened. The upper lip is completed and the nose is more prominent. 
The nostrils are directed forwards and the palate is not completely developed. The 
eyelids are present in the shape of folds above and below the eye, and the different 
parts of the pinna are distinguishable. By the end of the second month the foetus 
moasm-es from 28 to 30 mm. in length (fig. 247). 

n2 
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Third The head m extendjill^ the neck Is lengthened. The eyelids ineet and 

fuse, lemaining closed until the end ot the seventh month. The limbs are well devel- 
oped and nails appear on the digits. Thh external organs are so far differentiated 
that it is possible to distinguish the sex. By the end of this month the length of the 
foetus is about 7 cm., but if the legs be included it is from 9 to 10 cm. 

Fourth Montk-^T\io loop of gut which projected into the umbilical (jord is withdrawn 
within the foetus. The hairs begin to make their appearance. There is a general 
increase in size so that by the end of the fourth month the foetus is from 12 to 13 cm. 
in length, but if the legs be included it is from IC to 20 cm. 

Fifth Mordh , — It is during this month that the first movemonts of the feetus are usually 
observed. The eruption of hair on the head (sommences, and the v&rnix caseosa begins 
to be deposited. By the end of this month the total length of the foetus, including 
^ the legs, is from 25 to 27 cm. 


Fio. 240. — Human embryo of about six wo ‘ks. 
(His.) 



TJmhilicnl cord 


Fio. 247. — Human embryo about 
eight and a half weeks old. (His.) 



Sixth Month . — The body is covered by fine hairs (lanugo) and the de))osit of vornix caseosa 
is considerable. The papillae of the skin are devoloi)ed and the free border of the 
nsil projects from the corium of the dermis. Measured from vertex to heels, the total 
length of the fmtus at the end of this month is from 30 to 32 cm. 

Scveidh Month . — The pupillary membrane atrophies and the eyelids reopen. The testis 
passes into the vaginal process of the peritoneum. From vertex to heels the total 
length al the end of the seventh month is from 36 to 36 cm., i.e. about 14 in. The 
weight is a little over three pounds. 

Eighth Month . — The skin assumes a pink colour and is now entirely coated with vernix 
caseosa, and the lanugo begins to disappear. Subcutaneous fat has been developed 
to a considerable extent, and the foetus presents a plump appearance. The total 
length, i.e. from head to heels, at the end of the eighth month is about 40 cm. (16 in.), 
and the weight varies between and 5^ lbs. 

Ninth Month.— 'ihci lanugo hits largely disappeared from the trunk. The umbilicus is 
almost in the middle of the body and the testes are in the scrotum. At full time 
the fo'tus weighs from 6} to 8 lbs., and measures from head to heels about 50 cm. 
(20 in.). 
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T he general framework of body is built uj) mainly of a series of bones, 
supplemented, however, in certain regions by pieces of cartiJage ; the 
bony part of the framework constitutes the sheleion, 

in comparative anatomy the term skeleton has a wider application, as in 
some of tlie lower animals liard, protective and supporting structures are 
more extensively distributed, being dc' (Joped in association with the integu- 
mentary system. In such animals th(i 8kel(^ton may be described as consisting 
of an internal or deep skeleton, th(‘ cn(lo<-heleton^ and an external or superficial, 
1]i(‘ exoshdeion. In the liuman subject the exoskelelon is extremely rudi- 
mentary, its only important n^prestmtatives being tlie teeth and nails. The 
term skeleton is, therefoni, confined to theendoskoleton, ajid this is divisible into 
an axial part, Avliicli includes that of the head and trunk, and an appendicvlar 
part, ^\hich comprises that of the limbs. 

In the skeleton of the adult there are 206 distinct bones, as follows : — 


(Vertebral column 

26 


Axial 1 Skull . 

22 


Skeleton Hyoid bone 

1 


iRibs and sternum 

25 



— 

74 

Apf)ondicular j Up])cr limbs 

64 


Skeleton (Lower limbs 

62 

12() 

Auditory ossicltjs . 


6 

Total 


206 


The patella* an^ included in this enumeration, but the smaller sesamoid 
bones are not reckoned. 

Bones are divisible into four classes : Long, Short, Flat, and Irregular, 

The Long bones are found in the limbs, and (*ach consists of a sliaft and 
two extremities. The shaft, or diaphysis, is a hoUovN cylinder, the central 
cavity being termed the mahdlary canal ; the wall consists of df*nae, compact 
tissue of considerable thickness in the middle part of the shaft, but becoming 
thinner towards the extremities ; ihcj cancellous tissue is scanty. The 
extremities are generally expandi'd, for the purposes of articulation, and to 
afford broad surfaces for muscular attachment. Tht;y arc usually developed 
from separate centres of ossification termed epiphyses, and consist of cancellous 
tissue surrounded by a thin layer of compact bone. The medullary canal and 
the spaces in the cancellous tissue are filled with marrow. The long bones 
are not straight, but curved ; the curve generally taking place in two planes, 
thus affording greater strength toT the bone. The bones belonging to this class 
are : the clavicle, humerus, radius, ulna, femur, tibia, fibula, metacarpals, 
metatarsals, and phalanges. 

Short bones. — Where a jmrt of the skeleton is intended for strength and 
compactness combined with limited movement, it is divided into a number 
of small bones, as in the carpus and tarsus. These consist of cancellous tissue 
covered by a thin crust of compact subst-ance. The patellce, together with the 
other sesamoid bones, are by some regarded as short bones. 

Flat bones. — Where the principal requirement is either extensive pro- 
tection or the provision of broad surfaces for muscular attachment, the bones 
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aare expanded into broad, flat plate%^ in Aoulder-blade. 

These bones are composed of two thin layers or^TOirg^t tissue enclosing 
between them a variable quantity of cancellous tissue. In the cranial bones, 
the layers of compact tissue are familiarly known as the tables of the skuU ; 
the outer one is thick and tough ; the inner is thin, dense, and brittle, and 
hence is termed the viireous tame. The intervening cancellous tissue is caDed 
the di^e^ and this, in certain regions of the skuU, becomes absorbed so as to 
leave spaces filled with air (air-simises) between the two tables. The flat 
bones are : the occipital, parietal, frontal, nasal, lachryrml, vomer, scapvla, 
os innominatum, sternum, ribs, and, according to some, the patella. 

The irreg^ular bones are such as, from their peculiar form, cannot be 
grouped under the preceding heads. They consist of cancellous tissue enclosirf 
within a tJjin layer of oorapact bone. The irregular bones are : the vertebrae, 
sacrum, coccyx, temporal, sphenoid, ethmoid, malar, maxilla, mandible, palate, 
inferior turbinated, and hyoid. 

Surfaces of bones. — If the surface of a bone be examined, certain 
eminences and depressions are seen, to which descriptive anatomists have 
given the following names. 

These eminences and depressions are of two kinds ; articular and non- 
artieular. Well^arked examples of articular eminences are found in the heads 
of the humerus and femur ; and of articular dejn'tssions in the glenoid cavity 
of the scapula, and the acetabulum of the os innominatum. N on-articular 
eminences are designated according to tlieir form. Thus, a broad, rough, 
uneven elevation is called a tuberosity, 'protuberance, or process ; a small, rough 
prominence, a tubercle ; a sharp, slender, pointed eminence, a spine ; a narrow, 
rough elevation, running sorrui way along the surface, a ridge, crest, or line. 
Non-articulnr depressions are also of variable form, and are described as fossae, 
pits, depressions, grooves, furrows, fissures, notches, &c. These non-articular 
eminences and dejaessions serve to increase the extent of surface for the 
attachment of ligaiiu^nts and muscles, and are usuallj^ well marked in pro- 
portion to the muscularity of the subject ; the grooves, fissures and notches 
transmit vessels and nerves. 

In describing the various surfaces or aspects of a bone, or indeed of any 
other stmeture, the body is supposed to be in the erect position. Any surface, 
extremity, or other part directed upwards towards the head is termed supenor, 
while thos(i directed downwards towards the feet are termed inferior. Surfaces 
directed forwards tow ards the front of the body are termed anterior or ventral, 
w^hile those directed backw^ards arc posterior or dorsal. Those surfaces which 
are directed towards a median antcro-posterior vertical plane arc termed internal 
or mesial, while those directed away from this plani* are (external or lateral. 

The minute structure, growth, and composition of bonci are described on 
pages 24 to 34. 


TEE VERTEBRAL COLUMN 

The vertebral or spinal column (columna vertebralis) is a flexiious and 
flexible column, formed of a scries of bones called vertebrae. 

The vertebrae are thirty-three in number, and are grouped under the 
names cervical, thoracic or* dorsal, lumbar, sacral, and coccygejal, according to 
the regions they occui)y ; seven being found in the cervical region, twelve 
in the thoracic, five in the lumbar, five in the sacral, and four in the coccygeal. 

This number is sometimes increased by an additional vertebra in one 
region, or it may be diminished in one region, the deficiency being supplied 
by an additional vertebra in another. The number of cervical vertebrae is, 
however, very rarely increased or diminished. 

The vertebrjc in the upper three regioils of the column remain distinct 
throughout life, and are known as true or movable vertebrae ; those of the 
sacral and coccygeal regions, on the other hand, are termed, false or fixed 
'/ertebrae, because they ar(? united in the adult to form two bones — five 
forming the upper bone or sacrum, and four the terminal bone or coccyx. 

With the exception of the first and second cervical, the true or movable 
^vertebras present certain common eharacters which are best studied by 
examining one from the middle of the thoracic region. 
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Characters of a Vertebra 

A typical vertebra consists of two essential part*s — viz. an anterior 
segment, the body or centrum (corpus vertebrae), and a posterior part, the;. 
neural arch (arcus vertebrae) ; these enclose a foramen, the spinal or vertdMral 
foramen (foramen vertebrale). The neural arch consists of a pair of pedicles 
and a pair of lamince, and supports seven processes — viz. four articular (zyg- 
apophyses), two transverse (processus transversi), and one spinous (processus 
spinosus). 

When the vertebrae are articulated with each other the bodies form a 
strong pillar for the support of the head and trunk, and the spinal foramina 
constitute a canal for the protection of the spinal cord, whilst between every 
pair of vertebrae are two apertures, the interV'ectehMd (foramina 
intervertebralia) , one qithcjLside^ for thp.. iSansmissipn pf ^ the^ snjnal 
and vessels. Each of These constituent parts must now be considered. 

T!TieTl3?ly or centrum is the largest part of a vertebra, and is more or less 
cylindrical in shape. Its upper and lower surfaces are flattened and rough, 
and give attachment to the intervertebral fibro-cartilages, and each presents 
a rim around its circumference. In front, it is convex from «de to side and 
concave from above downwards. Behind, it is flat from above downwards 
and slightly concave from side to side. Its anterior surface presents a fow 
small apertures, f(^r the passage of nutrient vessels ; on the posterior 
surface is a single large, 

irregular aperture, or Fio. 248. — Sagittal section of a lunibjir vertebra, 
occasionally more than 
one, for the exit of veins 
from the body of the 
vert ('bra — the tJcnce basis 
vvrtrhrce. 

The pedicles are two 
short, thick process('s of 
bone, which jwoject back- 
wards, one on either side, 
from the upper part of 
tile body, at the junction 
of its posterior and lateral 
surfaces. Tlie concavities 
abov(‘ and below the 
pedicles are named the hilervcrtehral notches ; and when the vertebrae are 
articulated, the notches of each contiguous pair of bones form the inter- 
vertehral foramina, already referred to. 

The laminae are two broad plates directed backw ards and inwards from 
the pedicles. They fuse in the middle line posteriorly, and so complete the 
posterior boundary of the vertebral foramen. Their upper borders and 
the lower parts of their anterior surfaces nrv, rough for the attachment 
of the ligamenta subflava. 

The spinous process is directed backwards and downwards from the 
junction of the laminae, and serves for the attachment of muscles and ligaments. 

The articular processes, two superior and two inferior, spring from the 
junction of the pedicles and laminae. The superior project upwards, and 
their articular suriaces are directed more or less backwards ; the inferior 
project downwards, and their surfaces look more or less forwards. 

The transverse processes, two in number, project one at either side from 
the point where the lamina joins the pedicle, between the superior and inferior 
articular processes. They serve for the attachment of muscles and ligaments. 

Structure of a vertebra (fig. 248). — The body is composed of. cancellous tissue, 
covered by a thin coating of compact bone ; the latter is perforated by numerous 
orifices, some of'';5!arge size, for the passage of vessels ; the interior of the bone is 
traversed by one or two large canal^'for the reception of veins, which converge 
towards a single large, irre^ar aperture, or several small apertures, at the 
posterior part of the body. The arch and processes projecting from it have 
thick covering of compact tissue. 
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VEKTEBBi® (fig. 249) 

■ y ^ 

JThe cervical vertebrae (vertebrae cervicales) are the smallest of the tac^ 
veitebree, and can be readily distingui^ed irom those of the thor^ic br 
lumbar regions by the presence of a foramen (foramen transversariiim) in each 
transverse process. The first, second, and seventh present exceptional features 
and must be separately described ; the following characters ai'e common to 
the remaining four. 

The body is small, and broader from side to side than from before back- 
wards. The anterior and posterior surfaces are flattened and of equal deptli ; 
the former is placed on a lower level than the latter, and its inferior border 
is prolonged downwards, so as to overlap the upper and fore part of the 
vertebra below. Its upper surface is concave transversely, and presents a 
projecting lip on either side ; its lower surface is concave from before back- 
wards, convex from side to side, and presents laterally a shallow concavity, 
wliich receives the corresponding projecting lip of the subjacent vertebra. 
The pedicles arc directed outwards and backwards, and are attached to the 
body midway between its iippcj* and lower borders, so tliat the i^gr iq r 
intervertcbxaLjlotch is as deep as the inferior, ibut it is, at the same time, 
narrower. The/?amtnir ^arer'n^^^ and ltehn6i'‘"^above than beloAV ; the 
spinal foramen is large, and of a triangular form. The spinous prtKess is 


Fig. 240. — A cervical vertebra. 



short and bilid, tlu; two divisions being often of unequal size. The superior 
and inferior articular processes of each side are -fused to form an articu lar 
pillar, which projects _oul wards from tJie junction of the pedicle ana lammay 
Tlie arflcular laceis are flat and of an oval form : the superior look back- 
wards, upwards, and sliglitly inwards; tlie inferior forwards, downw'ards, 
and slightly outwards. T)ie Jire e ach pierced by a 

foramen iransversarium , which, in t^he upper six verEePTO^ gives passage to 

an d a plexu s pi ner^es^ . Eacn 

process consists ol an anterior anTIt'^'lfd^tenor part. The anterior portion 
is the homologue of the rib in the thoracic region, and is therefore named -the 
costaLjmjjjMQ^^ : it arises from the side of the body, is directed 

dfKw^irds in front of the foramen, and ends in a tubercle, the tvberculum 
anterius. The posterior part, the true transverse process, springs from the 
neural arch behind the foramen, and is directed forwards and outwards : it 
terminates in a tubercle, the tubercvlum posierius. These tw^o parts are 
joined, outside the foramen, by a bar of bone which exhibits a deep groove 
(sulcus n. spinalis) on its upper surface for the passage of the corresponding 
spinal nerve.* 

QkaysHuitign^ first jijointcd out that the common carotid arteiy cam be^jaaiLyajornpressed 
against the anterior tubercle of the transverse process of the sixth cervical wtebra, and 

* The imtal dement of a cervical vertebra nt»l. only includes the portion which springs 
K#<rom the side of the body, but the anterior and posterior tubercles and the bar of l)one winch 
connects them. 
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<5h wfpw ^lys ty^Jt^erc^ ja turned the 
also constitutes an important guide to the ve 
tliansversarium of this vertebra. 

^ • 

The first cervical vertebra (fig. 250 ) is named the atlas becau^ H 
supports the globe of the head. Its cliief peculiarities are that it has neithei 
body nor spinous process, but is ring-like, and consists of an anterior and a 
])osterior arch, and tjj^oJflJtgraJ^^ Xbe at^terior arch (arcus anterior) 

forms about onc-fiftb ot tnc ringnWTBrtcrior surface is convex, and presents 
at its centre a hibercle (tubereulum anterius) for the attachment of the CofijijU 


posteriorly it is eoncave,'^Ahff’'niat*ked by a smootli, oval or cireuiai 
ftWt jmv ea dentts) , for articulation witli tlie odontoid process of 
The uppeF aiffl " 10 "U er borders respectively give attachment to the anjBBua 


The uppeF aiffl " l 0 "U er borders respectively give attachment to the anclEm 
y ciTp^j jj-atlarij^ and the aniemr atlantu-axial ligaments ; the former cofmecte 
iT \\ itii the occipital bone"*'aBove' and flie Fatter witlT the axis below. The 
posterior arch forms aliout two-fifths of the circumference of the ring : it 
tey flinates beh ind in a iuherclt (t ubereulu m posterius) which is the rudimen^ol 
«i spinous "proceMtiT IHItrgf VfS 'Pf J^n To the nrp 

diminutive size of tliis xiroeess fly ' liil 

between the atlas and the cranium. Tlie nostenor part of tlie arch presents 
abov(' and behind a rounded edge foi ll 


eaeli ai^tiCUiar' process is 

alia), sometimes converted into a foramen by a 




Kin. 250 — Kiistccivic.il vcrlclu.i, oi Atlas. 

Dutmtim of s( f hon of odontoid 

/ « ^ ^ 

I > 111 ( 1)11 III Ilf snfion of 


1 1 St Itfjtimt nt 


Anti r. Arch 


I iOHSt t I St 

/ft (It t 


Foitimt n Joi 

ffitphifd 

\ inlnij 




(rtoonr lo! It ifthitd aitt nj 
and fust sjtnttil ut nt 


Kiitlmif nftin/ s/fnitfus jtiottss^ 


delicate bony bX)iculuin which arches backwards from the posterior extremity 
11k* superior articular process. Th«^^^.QO\Q Uie 


etilar procesi 

\ eitebral notch, and krves for the t ransnuj^iicui of the a rtery , w^hieh, 

afi(^^ 7 isceiTd^g {hFG\igfi*^fe'' foi 4 m(*n in Ine transver^pTOeeSST^Tinas round • 


the lateral mass in a direction backwards and inwards. Tt 

Mihn., Pipit, «.l On. t.hp .mr 1 «r. f hp poHtftrior ar.|ir 

bohfnd thft fl.rKnijyya.r facets are, two shallow groove.^ wilicgr represent ^e 


iLtlanto-axM 


Deiiinu tlie flrr.ip.n lar tacets, arc. two snaiJow grooves. wJiicii _ renrfiafint. the 

fttlantiL-axial wtucF connects^ 

axis: The lateral manses are tlie most bulky and solid parts of the atlas, in 
order to support the weight of the head. Each presents an articular facet 
abme, and one below. "Tiie wipprinr |Q,pyp, 

and approach each other in iront,~but diverge behind : they are directed 
U])wards, inwards, and a little bac*kwards, e ach forming a cup for th e 
corresm^iidimy ^ond yle of t h e ^ occ ipital bone, aira are^"dmlr!ttlBi|^ aaaptea to 
File nodding moVemenCs oFIne nS^^ TTSF Infrequently tliey are partially sub- 
divided by more or less deep indentations which encroach upon their lateral 
margins. The inferior articular facets are circular in form, flattened or slightly 
(*onvcx and directed downwards and inwards, articulating with the axis, and 
permitting the rotatory movementb of the head. .Tnat. hpinw tho innj^ *; ^ ’ 
margin fonAf I'a n aTnoli tuberclo. forJifie aiJacb^Tf^f Alip « 

Iocs ma 
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^ertebrnl foramea iato two unequal parts— rthe anteiior or smfltlfiy.,,rgss^^ 

I the odontoid process of the axis, the posterior transmitt^'the spiiial 
laim its mejnbranesl^ This part of the spinal canal is of considerable size,lSS1I8h . 
greater than is requn^d for the ac'commodation of the spinal cord, and hence < 
lateral displacement of the atlas may occur without compression of this struc- 
ture. The transverse /processes are large : they nroiect outwards and down- 


ture. The tmnsver^ /orncesses are large ; they project outwards and down- 
wards fr om th e lateral masses, and serve for the attachment of muscles which 







process IS srtmew hat enlarged, and a rough impres- 

for the at inch merit of the l atoraLj>[l^»t q jlL.g^^ ‘ these 

igamcnlb connect tlic* odontoid []Joc^sS"W“B!WW The internal 

structure of the odontoid process is more compact tlian that of the body. 
The pedicles are broad and strong, especially in front, \^h©ro they coalesce 
vith the sides of the body and the root of the odontoid process. They 
are covered abo^e by the superior articulating surfaces. The lamince are 
thick and strong, and the spinal foramen larg^, but smaller than that of the 
atlas. l^h^JmMoerse am vftrg_flmnTl. not bifid, but terminat ing in 

^ ^ perforated by tnenSSffiB fUrlllB vt^iltMJiarartery, 

wmcn"“ls ' aireeCed obUquelj*^ upwards and outwards. The swperior articular 
\j^lfirfaces are lound, slightly convex, directed upwards and outwards, and are 
^ *»norted on the body, pedicles, and transverse processes. The inferior 
surfaces have the same direction as those of the other cervical 
igamst the^ Th«L /m^enor a.r» a^fllpK- PyO? 

* T1 - i.T 

rohi ihe s„ii. ocervioal verteT)r®. str ong, deei^ 

.ounecK them I on its Under surface, and presents a bifid, tti dScuI,*.! extr^ity 
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fpr^ the jitt^/chjueiit of muscles which serve to rotate the head upon tibe 
spine. 

" The seventh cervical vertebra (fig. 252).— The mqpt distinctive ohaiv 
aeteristic of this vertebra is the existence of a long and prominent spinous 
process ; hence the name 

VSTid/ra ©rowweTW. Tliis jjro- EiC4. 252. — Seventh cervical vertebra, or vertebra 
cess is thick, nearly horizontal prominens. 


arc small and faintly marked ; ^ 
the upper surface of each lias/ 

UHUiilly a shallow groove, and 
its extremity seldom presc'iils 
more than a trace of bifui ca- 
tion. IThe ^prflmen in the 
transverse process may bo as 
J^ge as that in thi‘ other 
cervical vortebrtc, but is 
generally smaller on one or 
both sides ; occaflionallv it i s 
double, sometimes it i&^^alGscnr. 

On"* tKc left side'it^occasum- 1 

al^’giW as8ifge^"ffr*^e* vci - jno.fs, 

"fhbre Ttt?c|uent1y 

nie vertebfaT vein traV!?it'6es it on both sides ; Init the usual aiTangement is for 
both jfitttgry ancJj^gjtJ to pass in fiont of the transverse process, and not through 
the foramen. Sometimes the anterior root of the transverse process exists as a 
s('i)arate bone, and attains a largo size*. It is then known as^ a ‘ cervical rib.’ 

TtIOK \C10 on DOKSAli VEllTEKlli^fl ' / 




IP"' immvme procmes 
of considerable size, their pos- 
terior tubercles are largo and I 
prominent, while the siuterior ] 


The thoracic oi dorsal vertebrae (vertc^bnc tlioracaJos) (fig. 253) arc 
lutcrrrudiate in size bet eon those of the cci\ieal and lumbai’ regions ; 
they increase in size from above downvaids, the upper vertebraj being 
much smaller than those in the lover part of thr region. They are 
distmguislied by tlie presi'iice of faec'ts on the sides of the bodies for articu- 
lation with the heads of the ribs, and f acids on th(‘ transverse processes 
of all, except the eleventli and tvelfth, for articulation vitli the tubercles 
of the ribs. 

The bodies in the middle of the thoracic region possess a very characteristic 
forjp^ being ,hcayt-sha.ped and as Woad In antcro-posterior as in the tratiS- 
' en3S*‘(5f tTie 'llioraeic region they resemble respectively 

thoiSe of*'l‘Ee*oervical and lumbar vertebra). TJiey are g^ightlYthicl^^ 
than in fron<^ flat above anrt hpinw. nonvex fiimlicU tn atQP. GOTyjave 

bemnd^^^lali^rlijlHLCflaMM^^ They present, on eit 


UbgJoWjCOTve^fnjm.^ 

'^'hey present, on eitner 

siUe, iwo costal demi-lacets, one above, nearTEe^ooF of the pedicle, the other 
below, in front of the inferior intervertebral notch ; these are covered with 
cartilage in the recent state, and, when the vertebra) are articulated with one 
another, form, with the intervening intervertebral discs, oval surfaces for 
the reception of the heads of the ribs. 
a|nd slightly i i pwa-rd a fliid t he iirFft iHoi* 

jpSWJUr. q1 I HP! 

broad. thi|<d£,aniLimbw|aifid ^ is to BavTl Dhev ovorlaTi 
onaroof. 





one anotner like tiles 

^ The amnal foramerTis smaIt'T!lllH‘Ttt"'"t^ Idrm. splnovs 

'pi'UU^^’ bVeilap 6he 

less oblique in direction above 
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and below.* 






g 

/S 

are practically flat^ and are directed Dackwards and""a little outwards and 
upwards. The inferior m o ce sa^ are fuse d to a con siderable exten t 

wit!* ' ' ^ ' 1 thcirTower bOTgJSFrtncIr 

ffllBeS are' directe'd IdFwaros and a little mw^SsT^^ T\\q trans- 

v^se 'processes arise from the same parts of the arch as the posterior roots oT 
tne transver^ processes in the neck, and are situated behind the superior 
articular processes and pedicles ; they are thick, sti'ong, and of considerable 
length, directed obliquely backwards and outwards, and eaub nresent s.^ 
cl ubbed extrei^ j^^y. on the j^terior par t of whic h is a small^oncave surface, 

f^rtitaiilflt^Stbik :'7 . 

The first, ninth, tenth, eleventh, and iwelfth thoracic vcrtebraj present certain 
peculiarities, and must be specially considered (fig. 254). 


Fig. 253. — A thoracic vertebra. 



The first thoracic vertebra x>resents, on eitlier side of the . ftod;//, 
an entire articular facet for the head of the first rib, and a demi-facet for 
the uj)per half of tin? head of tlie second rib. TJie body is like that of a 
ccvical vertebra, being broad transversely ; its upper surface is concave, and 
lijiped on either side. The superior articular surfaces are oblique, directed 
upwards and backwards, but not outwards ; the spinous process is thick, 
long, and almost horizontal. The transverse processes are long, and the 
upper intervertebral notches are deeper than in the other vertebrse of this 
series. 

The ninth thoracic vertebra may have no demi-facets below. In some 
subjects, liowever, it has two demi-facets on cither side ; Avhen this occurs the 
tenth has demi-facets at the upper part only. 

Tlie tenth thoracic vertebra has (except in the cases just mentioned) an 
entire articular facet on either side, whiehis jilaced partly on the outer surface 
of the pedich'. 

In the eleventh thoracic vertebra the body approaches in its form and size 
to that of the lumbar vertebra\ The articular facets for the heads of the ribs, 
one on either "side, are of large size, and placed chiefly on the pedicles, which 

* In quadrupeds tlie majority of the spinous processes of the thoracic vertebrin project 
upwards and backwards, wliile thoso of the lumbar region are directed upwards a»j<l forwards. 
The chang(‘ in inclination is cll‘ectO(l in one of the lower thoracic vertebrffi, the spine of which 
points almost directly upwards. This vertebra is known as the anticlinal, and in man its 
representative is the eleventh thoracic. 
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sure thicker and Sponger in this and the next vertebra than in any other part 
of the thoracic region. The spinous process is short, and nearly horizontal 
in direction. TIfie transverse processes arc very short,; tubercular at their 
extremities, and have no articular facets. • 

The twelfth thoracic vertebra has the same general characteristics as the^ 
eleventh, but may be distinguished from it by its inferior articular processes 
being convex and turned outwards, like those of the lumbar vertebrae ; by 


Fio. 254. — ^Peculiar thoracic vertebrae. 



.4;/ f:iit ire facet ahooc ^ 
a it emi -facet below 


-I (1cm i -fa ret above 


Oae cut ire facet 




fitijli'-' ' • ^ ; r,"lj'| i' o facet Oil trails, jiroc. 

which IS r at f linen (ary 


A ll entire facet 

No facet on trans- 
verse process 
I lifer. a rhc. process 
conver- and lamed 
outward 


the general form of the body, laminae, and spinous process, ia which it resembles 
the lumbar vertebrae and by the transverse processes being subdivided into 
three elevations, the superior, inferior, and external tubercles; the superior 
and inferior correspond to the mamillary and accessory processes of the 
lumbar vertebrae. Traces of similar elevations are found on the transverse 
processes of the tenth and eleventh thoracic vertebrae. 
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Lumbar Vertebrai: ^ ^ 

The lumbar vertebrae (vertebra* lumbales) (figs. 255 and 256) are the 
llirgest segments of the movable part of the vertebra,^ 
distinguished by the absexice of a foramen in the trariay,&se fftfSfiSs^n^ 
the absence of facete on the sides of the body. . 

Fio. 256. — A lumbar vertebra Seen from the side. 



The bod^ is large, w ider from side to side than from before backwards, and 
a little thicker in front thcan behind. It is flattened or slightly concave above 
and below, concave behind, and deeply constricted in front and at the sides. 
The 'pedicles arc very strong, directed backwards from the upper part of tlib 
body ; consequently, the inferior intervertebral notches are of considerable 


Fici. 250. — A lumbar vertebra seen from above and behind. 



depth. The la'mintB are broad, short, and strong;, the spiiml ft/ramen is 
triangidar, larger than in the thoracic, but si^aller than in the pervioal regiom 
The sj^i'nxms j^ocess is tliick, broad, and somewhat quadrilateral ; it projects 
backwards and’ terminates in a Ifdugh, uneven border. The aupenar and 


LUMBAR VERTEBRA 191 

fel/Wffr articvk^ proteases are well defined, piojeoto^.iiwpeot^ely 
-ihd downwards i^m tlie junctions of pedacles ^ lajni^. The fa^tg on < 
th© supenox processed are concave, axui look backwar4§ jzxw^ds ; tnose on 
the wyEerior are convex, and are directed forwards and OTitwflCrds. ^J[ori^^^ 
wider apart ^an the latter, since mthe articulated column the inferior irHouIaS* 
IS^EfesseFar^rahracedhj' the superior processes of the subjacent vertebra.' 
The ttanaverh moceasea are long, slender, and directed transversely outward^ 
in the upper three lumbar vertebrae; they^i^lmo a little upwards in the 
loiyor two. ^n the upper throe vertebrae they afiseTrBlh' the junctions otjiw^ 
pedicles and the laiiiinse, but in the lower two they are' set further forward 
and arise from the pedicles and postoripr parts of the bodies. They are* ' 
situated in front of the articular processes instead of behind them as in the < 
thoracic vertebra}, and are homologous with the ribs. Of the three tubercles 
noticed in connection with tht' transverse process(*8 of the lower thoracic 
vertebra*, the superior one is connected in the lumbar region with thei; 
back part of the superior articular process, and is named the mamillary 
jirocess ; the inferior is situated at the back part of the base of the transverse 
process, and is called tlic accessory process (fig. 256). Although in man these 
arc comparatively small, in some animal they attain considerable size, and 
serve to lock tlie v(*rtcbra* more closely togetJier. TJio external tubercle 
be(*omos the transverse* ]ir()ccss. 

The fifth lumbar vertebra is characterised by its body being much 
thicker in front than behind, which accoids v^th the prominence of the* sacro- 
vcrtcbral articulation ; by the smaller size of its spinous process ; by the 
wide interval between the inferior articular proc(*sscs ; and by the thick- 
ness of its transverse proct*sses, which sjinng from the body as well as from 
the pedicles. 

Sacral and Coccyceal Vertebi..® 

Th(* sacral and coccygeal vertebrae consist at an eaily period of life of 
nine sejiaratc seffiiK'tits w^hicli are united in the adult, so as to form two bones, 
live entering into the formation of the sacrum, four into that of the coccyx. 
Sometimes the coccyx consists of five bones ; occasionaDy the number is 
reduced to three. 

The Sacrum 

The sacrum (os sacium) is a large, triangular bone, situated in tlf^lower 
part of the vertebral column and at the upper and back part of the pelvic 
cavity, where it is inserted like a w'^edge between the two innominate bones; 
its upper part (ii* base articulat(»s with the last lumbar vert(»bra, its apex with 
the coccyx, sacrum is curved upon itself, and placed #cry obliquely, 

its bas*^ projecting forwards, and forming tlic prominent sacro-verteb^al 
when articulated with the last lumbar vertebra; its central part 
IS pjojected backwaids, so as to give increased capacity to the pelvic cavity. 
It presents for examination an anterior, a posterior, and two lateral surfaces, 
a base, an apex, and a central canal. 

'Che anUrior surjact (facies pelvina) (fig. 257) is concave from above down- 
wards, and slightly so from side to side. In the middle are seen fpur transverse 
ridges, indicating the original division of the bone into five separate pieces. 
The portions of bone intervemiig between the ridges correspond to the bodies 
of the vertebra?. The body of the first segment is of large size, and in form 
resembles that of a lumbar vertebra ; the succeeding ones diminish from 
above downwards, are flattened from before backwards, and curved so as to 
accommodate themselves to the form of tlie sacrum, being concave in front, 
convex behind. At the ends of the ridges arc seen tlie anterior sacral foramina 
(foramiua sacralia antcriora), four in numb(»r on either side, somewhat rounded 
in form, diminishing in size from above dowmwards, and directed outw^ards 
and forwards : they ^ i ye exit to the anterior^ T)rimarv divisions ^ of th e 
s acral^ nerves a ncT^enxr^ce ^to tne sa?ra] yteries. ^ EAernario^li^e 

foramina Is tne'' la^emT maw T parsTb Wal Mr. consisShg^Qf separate segments 
at an early period of life ; in the adult, these become blended willi the 
1 u with each other. lateral m ass four broad, 

shallow ^ooves, w hich 4!^d ge the anterior ^divisions of tnewSal nerves as 
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iihfey plSI outwardfi, the groove^emg^sepaiated by ndgos oMMjuje 

which give origin to thexjriformi^ 

If a sagittal section he made through the centre of the sacrum (fig 269), 
the bodies aie *^6615 to be umted at their ciicumferences by bone, wide 
intervals being left centraPy uhich, in the recenj^ state aie filled by the 
intervertebral disce In some bones this union is more complete between 
tht IoA\er than between the upper segments 

The postertor sKrface (facies dorsalis) (fig 258) is convex and narrowei than 
the anterior In the middle line it displays a crest (crista sacralis media) 
surmounted by thiee or foui tubercles, tlio rudimentaty spinous processes 
of the upper three oi four sacral vtitcbrse On either side of the spiiious pro- 
cesses IS a shallow groove, the sacral groove, which gives oiigm to the Jiulti- 
the floor of the gioove being foimed b> the united laSimSe 
oftlie coil expending vertebra? Tht laminae of the fifth sicral vertebra and 

Fig 257 — Sicium, antoiioi bin fare 



^omctmustliosc of tin fourth fail to meet behind and tlius adefiticnty (hutjis 
Ja^a 4 ^|J)^occuls in the xiostciioi wall of the sacral canal On llu latertil-^specT 
ortnesu! il groove is a linear scuts <»f tubcrdcs produced by the fusion of 
the aiticulu [)iot(ss(s which togethci form indistinct crests ((;rjstte saciales 
aiticulaicb) The | iTticulaL y^t^pe^ i ,if the are large and 

oval in shape theii Taeels aie toncave Ifbiri sidle to sid( look backw aids and 
inwards and n tic ulatc A itji the fac ets jondJlC, m fci loi procc^ssts of the fifth 
l ^jiiba i veiteJiM Tlie* tubeielfs "winch lepreseiit the mfciioi articulai pio 
cesses of flic ""filth sacial vertebra aie piolonged downwards as lounded pro 
cessps, which are named the sacral cornua (cornua sacralis) and are comiected 
to the coinuaof the eocevx Exteinal"to the "articular xnooesses are the four 
posterior sacral foramnm (foramina s^ialia posteriora) they arc smaUei 
in size and less regulai in form than the antenor, ai^id transm it the posterioi^ 
di yisioms 9 !. tbgjaftcral nerves On the outHjsidcj ofTiib" posfeiioi "sacrar fora 
rniha xsa se^Sw tubercles, which represent the transverse processes of the 
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sacral veriebrte, aAd form the later J crests q£AliA aaorom (pnate saocnlee 
laterales). The transverse tubercles of the first sacral vert^ra''aire of large 
size, very distinct, and correspond with the superior* angles of the bone; they, 
together with the transverse to^rcles of the second vertebra, give Attaohmeiit 
f|iA Vinri^cTital pa^ of tS^irosterior, Pficro-iliag ^amente ^hose of the 
third vertebra give attaotimeiit t?r tiiagbblique fasciculi of tbo posterior sacro- 
]lia(‘ ligaments ; and those of the fourth and fifth to the great sflcro-sciatfe 
ligaments. 

The lateral smfQce, broad above, becomes narrowed into a thin edge below. 
Tlic upper half presents in front a broad, ear-shaped surface for articu- 
lation with tlie ilium.) This is called the auricular surface (facies auricularis), 
and in the fresli state is coated wdth fibro-cartilage. Behind It are three deep 
and uneven impressions, for the attachment of the posterior ^aero-iliac liga- 
ment. The loA\er half is thin, and terminates in a projection called the inferior 


Fi(J. 2.58. — Sacrum, posterioi surlacc. 



lateral angle; internal to this angle is a notch, \\hich is converted into a 
foramen by the transverse process of the upper piece of the coccyx, and trans- 
mits th c^^t^noj^di vision of the fifth sacral nerve. The thin lower half of the 
lateral simaccTfrvt^a^^ lo the great and small sacro-setHUc ligaments, jr 

and to some fibres of the Gluteus maximus'Nbehind, and to the Coccygeus^ 
in front. 

The base of the sacrum, whicli is broad and expanded,' is directed upwards 
and forwards, in the middle is seen a large oval' articular surface, the upper 
surface of the body of the first sacral vertebra, w'liich is connected with the 
uiidet* surface of the body of t^ie last lumbar vertebra by an interveiiobral 
disc. Behind it, is the large triangular orifice of th<' sacral canal, wliieh is 
eompleted by the laminse and spinous process of the first sacral vertebra. 
I'he supeiior articular processes project from it on each side ; they are oval, 
concave, directed backwards and inwards, like the superior articular processes 
of a lumbar vertebra ; in front of each is an intervertebral notch, which forms 

o 
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the lower part of the foramen between the last lumbar and first sacral 
vertebras. On either side of the body is a broad triangular surface, which 
extends outwards, ^ su^jports the P^oas magnus and lumbo-rsacraj cord; and 
in the articulated pelvis is continuous with the iliac fossa. 'This "is called 
the ala (ala, sacralisj it is slightly concave from side to side^ convex from 
before'*^ backwards, and gives attachment to a few of the fibres of the Iliacus. 
The posterior part of the ala represents the transverse process, and its anterior 
part the costal process of the first sacral segment. • 

: The a'pex is directed' downwards and presents an oval facet for articulation 
with the coccyx. 

The spinal canal (fig. 259) runs throughout the greater part of the bone ; 
it is large and triangular in form above ; small and flattened from before 
backwards ; below , its posterior w all is incomplete, from the non-development 
of the lamina? and spinous processes. It lodges the sacral nerves, and its w alls 

. are perforated by the anterior and 

Fio. 259.— Sagittal section of the sacrum. . posterior sacral 'foramina, through 

which these pass out. 

Structure. — The sacrum consists of 
cancellous tissue invested externally 
by a thin layer of compact bone. 

Articulations. — The sacrum aiticii- 
lates with four hones ; the last lumbar 
vertebra above, the coccyx below, and 
the innominate bone on cither side. 

Differences in the sacrum of 
the male and female. — In tlu? 
female the sacrum is shorter and 
wider than in the male ; the low er 
half forms a greater angle w ith the 
upper ; the upper half is nearly 
straight, the lower half presenting 
tlie gT’eatesi amount of curvature. 
The bone is also directed more 
obliquely backw ards ; tliis incn^ascs 
the size of the pelvic cavity and 
renders the sacro- vertebral angle 
more prominent. In the male the 
curvature is more evenly distri- 
buted over the w liole length of the 
bone, and is altogether greater than 
in the female. 

V ariations. — The sacru rn , in 
some cases, consists of six pieces ; 
occasionally tlie number is reduced 
to four. Sometimes the uppermost 
transverse tubercios are not joined 
to the rest of the bone on one or 
both sides, or the sacral canal 
may be open throughout a con- 
siderable part of its length, in 
consequence of the imperfect development of the laminse and spinous 
processes. The sacrum, also, varies considerably with respect to its degree of 
curvature. 



The Coccyx 


: The coccyx (os coccygis) (fig. 260), so called from having been compared 
to a cuckoo’s beak, is usually formed of four rudimentary vertebra? \ the 
number may how^cver be increased to five or diminished to three. In each of 
the first three segments may be traced a rudimentary body, articular and 
transverse processes ; the last piece (sometimes the third) is a mere nodule of 
bone. All the segments are destitute of podioles, laminae, and spinous 
processes, and, consequently, of intervertebral and spinal foramina. The 
first is the largest ; it resembles. the lowest sacral vertebra, and often exists as 
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a separate piece ;■ the last three, diminishing in size from above downwards, 
are usually fused to form a single bone. The gradual dimmution in the size 
*of the segments gives this bone a triangular form, th§ base of the triangle 
joining the end of the sacrum. It presents for examination an anterior and 
a posterior surface, two borders, a base, and an apex. The anterior surface 
is slightly concave, and marked with three transverse grooves, indicating 
the linos of junction of the different segments. It gives attachment to the' 
anterior sacro-coccygeal ligament and Levator ani, and supports the middle 
part of the ree.tum. The posterior surface is convex, marked by transverse 
grooves similar to those on the anterior surface ; and presents on either side 
a linear row of tubercles, the rudimentary articular processes of the coccygeal 
vertebte. Of tliese, the superior pair are large, and arc called the cornua 
coccygea ; they project upwards, and articulate with the cornua of the 
sacrum, and on either side complete tlie fifth posterior sacral foramen for the 
transmission of the posterior primary division of 
the fifth sacral nerve. The lateral borders are thin, 
and exhibit a series of small eminences, which 
represent the transverse processes of the coccygeal 
vertebrfe. Of these, the first is the largest ; it is 
flattened from before batjkwards, and off en ascends 
to join the lower part of the thin lateral edge of 
the sacrum, thus completing the fifth anterior sacral 
foramen for the transmission of the anterior primary 
division of the fifth sacral nerve ; the others diminish 
in size from above downwards, and are often want- 
ing. The borders of the coccyx are narrow, and 
give attachment on either side to the saero-sciatic 
ligaments, to the Coccygeus in front of the liga- 
ments, and to the Gluteus maxiiiius behind them. 

The base presents an oval surface for articu- 
lation with the sacrum. The apex is rounded, and 
has attached to it the tendon of the external 
Sphincter muscle of the anus. It may be bifid, 
and is sometimes deflect ted to one or other 
side. 

Ossification of the vertebral column. — Each ver- 
tebra is ossified from three primary centres (fig. 261), 
two for the neural arch, and one for the body.* 

Ossification commences in the neural arches of the 
upper cervical vertebrjB about the sixth week of foetal 
life, and gradually extends down the column. The 
ossific granules first appear in the situations where 
the transverse processes afterwards project, and 
spread backwards to the spine, forwards into the 
p(idicles, and outwards into the transverse and articular 
processes. Ossification of the body commences 
about the eighth week in the lower thoracic region, and subsequently extends 
upwards and downwards along the column. At birth these three pieces are 
perfectly separate. The ossific centre for the body does not give rise to the 
whole of the body of the adult vertebra ; the postero-lateral portions of the 
body are ossified by extensions from the neural arch centres. The body 
of the vertebra during the first few years of life shows, therefore, two synchon- 
droses (neurocentral synchondroses) traversing it along the lines of junction of the 
three centres. In the thoracic region, the facets for the heads of the ribs lie behind 
the neuro-central synchondroses and are ossified from the centres for the neural 
arch. During the first year the laminae become united behind, union taking 
place first in the lumbar region and then extending upwards through the thoracic 
and lower cervical regions. About the third year the bodies of the upper cervical 
vertebrae are joined to the arches on either side ; in the lower lumbar vertebrae 
the union is not completed until the sixth year. Before puberty, no other changes 

* A vertebra is occasionally found in which the body consists of two lateral portions — a 
condition which proves that the body is sometimes ossified from two primary centres, one on 
cither side of the middle line. 
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()(;cur, oxccptiiifT a gradual increase in tlic growtli of tliefle^pnm!ii*y cojities, the 
upper and under surfaces of the laodies, and the ends of the transverse and spinous 
• processes, being cartilaginous. 

201. -Ossilicalion of a vertebra. 
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About the. sixteenth year (fig. 
262), five secondary centres 
appear, one for the tip of each' 
one foi* the 
extremity of thel^idnous process, 
and two epiphysial pilates, one 
for the upper and the othe*! /"'r 
the lower surface of the body 
(fig. 263). Th(*se fuse with the 
rest of the bone about the age of 
twenty-five. 

Exceptions to this mode of 
development occur in th(^ first, 
scH'ojid, and seventh cervical 
vertebra*, and in those of the 
lumbar region. 

The atlas is usually ossified 
from three centres (fig. 2f)t). 
Two of these are destined for 
the lateral masses, the ossifica- 
tion of which commences about 
the sev(*nth week of ketal life 
near the articular processes, and 
extends backwards; at birth, 
these portions of bojie an* 
separated from one anoth(‘r 
b(‘hiiid by a narrow interval filh'd 
with cartilage. Ih'tween tin* 
third and fourth years they unite 
cither direct Iv or through tin* 
medium of a separate c(‘ntre 
develop(‘d in tin* cartilage. Tin* 
anterior arch, a,t birth, is alto- 
gether Ciirtdamnous a.nd consists 
of tin* hypocliordal brace* or bar 
(s(*e page 103), which persists in 
the case of this verl(*br.i ; in this 
a separate*, nucleus apj)ears about 
the (511(1 of th(5 first year after 
biT'th, and joins tin* lateral mass(*s 
lixnn the sixth to tlie eighth year 
• -their lines of union ext(*n(ling 
across the anterior ])ortions of 
the superior ajticuiar fac(*ts. 
Sometimes two nuclei, one on 
either side of the m(*(lian liinj, 
an* developed in the cartilage, 
and join to form a single mass. 
Occasionally there is no s(5parate 
centre, the anterior arch being 
fornu'd by the forward extension 
and ultimate junction of the 
two lateral masses. 

The axis is ossified ironi five 
primal}'' and two secondary 
centres (fig. 265). 1’he body 
and neural arch arc ossified in 
the same manner as the corn* 
sponding parts in thii otlicr vertebne, viz., one centre for the lower part of the body, 
and two for the neural arch. The centres for the neural arch appear about the 
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seventh or eit^th ^ foetal life, that for the body about IIk* fourth or fifth 
month. The mlontoicPproc-ess consists originally of an extension upAvards of the 
cartilaginous mass, in which the lower part of the body is formed. About the 
sixth month of ffotal life, two c<;ntros make tlieir appearance in the base of 
this process : they are placed latej'alJy, 
and join before birth to form a conical 
hilobed mass deeply cleft above ; the 


interval l)(*hween the cleft «an(l tin* 
summit of the process is formed by a 
wedge-shaped piece* of cartilage. Tho 
base of the proce.ss is sej^araled from 
the body })y a cartilaginous disc, which 
gradually becomes ossified at its cir- 
cumference, but nunains cartilaginous 
in its (*ejitre until advanced age.* In 
this cartihige, nidiments of the lower 
e])iphysial lamella of the atlas and the 
upper (ipiphysial lamella of the axis may 
sometimes i)(^ found. Finally, as Hum- 
phrv has denionstratiHl, lln* apex of the 
odontoid process lias a s(‘para1t‘ ci'iitre, 
which appears in tin* second year and 
joins about tin* twelith vear. This is 
th<‘ up[K‘r (‘piphysial lamella of the a.tlas. 
In addition to tli(‘se tlu*r(‘ is a si'eondary 
(‘eiitn* for a thin (‘pijdiysial plate oji 
tin* under surface; of the body ol the 
l)on(‘. 

'Pin* seventh cervical vertebra. Tin* 
ante‘i‘ior or costal part of the transverse 
proc(*sK of this veitebra is sometimes 
ossilit'd from a sepa,rate centre whi<‘h 
appears about tin; sixth montli ol fo*tal 
lile. a,nd joins the body and jiosteidor 
pail ol tin; transverse* jireiee’ss b(*twee‘n 
the iiltli and sixth years, ()e*e-,asie)nal]y 
the ceistal ]»art jiersists as a se*])arate 
piece, aiiel, be'cemiing lengthe‘in'd ont- 
Avards aiiel forAvarels, e*oiistitiite*s Avhat 
IS known as a ee*rvical rib. Sepanate 
ossitif* ea*ntii!S h.ivo also been fenuiel in 
tlie*eostaJ |neu‘(*sses of tin* femrth, iiftli, 
and rixth e-eiwical vertebra*. 


Fto. 2(i7. — Ossitie'ation of the sacrum. 
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The lumbar vertebrae (fig. Lhib) have* 
aJdiliorud cadres for the mamillary 
tubercles. The transviTse* prejce*ss of the* 
first lumbar is some;time*s de've'lopeal as 
a st*parate pie;ce*, which may remain pe*rnianently ummit(*d with Ihe rest eif the 
bone, thus lormiug a liimbaT' rib — a peculiarity, he)AveAX*r, rarely met with. 

Sacrum (figs. 2()7 to 270). — The; 6oe/// of each sacral vertebra is eissilied from a 
primary centre* and two e*.piphysial plates, one fen- its upper and aneithen* for its 
under surface, wdiilst e*a.e*h neural arch is ossifie;d from twei coaitivs. 

The anterior portions of tin; lateral masses have six aelditional centres, iw'o 
for e;ach of tlie first tJire;e veutebra; ; these ropre*sent the ceistal elements, and 
make their appearartcc above; anel to the outer siele eif the anterior sacral foramina 
(figs. 208 anel 209). f 


* !See (Mmiiinghani, Jowrn. Anot.^ vol. xx., p. 2^1S. 

t 'I’he cxtri'inilics of tluj spinous pre^eessoH of the ii])]ier 1 lirce .sacral xevtebne are .sometimes 
ilevelopod fn)m .separate epijOiyses. and baweett. {Anfdomhrlier Jwre/>T, Band XXX.. IbOT) 
states tliat a ninnher of epiph\sial iiodulejs may be seen in the saornm at tliei age of eighteen 
jyars. These arc «listril>iited as follow^ : Oin* for each of tlu^ nuiinillary proees-ses of the 
lii'st sacral A'erlehra; tvvcive—six on either side — in connection with llio costal elenunits (two 
eiicli for the first an I second anel one each for the third and fourth) and eight for tin* 
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On each lateral T^face two epiphysial plates are developed (fig. 269) : one for 
the auricular surface, and another for the remainhig part of the thin lateral edge 

of the bone. ^ j ^•r -n 

Periods of Ossijieaiion . — ^About the eighth or ninth we(ik of foetal life, ossifica- 
tion of tlic* central part of the body of the first sacral vertebra commences, and is 
rapidly followed by deposit of ossific matter in the second and third ; but ossifica- 
tion does not commence in the bodies of the lower two segments until between 
the fifth and eighth months of foetal life. Between th(^ sixth and eighth months 
ossification of the neural arches takes place ; and about the same time the costal 
centres for the lateral masses of the first three sacral vertebrae make their ap- 
pearance. The junction of the neural arches with tlu? bodies takes place in the 
lower vertebrae as early as the second year, but is not effected in the uppermost 

until the fifth or sixth year. 
About the sixteenth year the 
epiphysial plates for the upper 
and under surfaces of the bodies 
are formed ; and between the 
eight(»enth and twentieth years, 
those for the lateral surfaccis 
make their appe.arance. Tin', 
bodies of the sacral vertebric 
are, during (*,july life, separated 
from each other by intervertebral 
discs, but about tlie eighteeiitli 
year the two lowest segments become unitcHl by bone, and the process of bony 
union gradually extends upwards, with the result that between the twenty-fifth 
and thirtieth years of life all the segments are united. On (‘xumining a sagittal 
S(*,ction of the sacrum, the situations of the ijiter\^ertebral discs are indicated by 
a series of oval cavitic's (lig. 259). 

Coccyx.- “The coccyx is ossified from fom- (*ontr(iS, one for ejich segmoit. Tin*, 
ossific ’nuclei make their appearance in the following order : in the first segment 
between the first and fourth years; in the second betweem the fifth and t(mth 
years ; in the third betwc'on the tenth and fifteenth years ; in the fourth Ix^tween 
the fourteentli and tvs’entieth years. As age advanced, the segments liecoim* united 
with each other, the union between the first and second segments being frequently 
delayed until after the age of t\venty-fivc or thirty. At a late p(uiod of life, 
especially in females, the coccyx is often joined to the sacrum. • 


Fig. 270. — Base bf young sacrum. 



Vektebral Column as a Witole 

The vertebral column is situated in tlic median lim', at tJu* posterior 
part of the trunk ; its average? length in the niah? is about 71 eiuitirnetres 
(28 inches). Of this lengtli the cervical part ni(?asur(‘s 12-5 cm. (5 in.), the 
thoiacic about 28 cm. (11 in.), the lumbiir 18 cm. (7 in.), and the sacrum and 
coccyx 12-5 cm. (5 in.). The female column is about (51 cm. (24 in.) in 
leiigib. 

-Viewed laterally (fig. 271), the vertebral column presents stiveral 
curves, \vhit;h correspond to the different regions of the column, and are called 
cervical, fhoracic, lumbai', and 2 >ulvic. The cermcal curve, convex forwards, 
begins at tlie apex of the odontoid process, and ends at tlic middle of the second 
thoracic v(*rt(‘bra ; it is the least marked of all the curves. The thoracic curve, 
concave* forwards, begins at the middle of the second and ends at the middle of 
the t\V(‘lftli thoracic, vciU'bra. Its most prominent point behind corresponds 
to the spine* of the s(*venlli thoracic. The lumbar curve is more marked in the 
female than in the male ; it begins at the middle of the last tborach* vertebra, 
and ends at the? sacro-v«*i tc.bral angle. It is convex anteriorly ; the convexity 
of the lower tliree vt^rtebirc being much greater ilian tliat of the upper two. 
The peliHC curve begins at the saero-vertebral articulation, and ends at tlic 

Iraii.sversc 2m)CO>sc.'?— I’oui «)i) cilhur .si«lo--onc cacli for the tirsi, l-hinl, foiirlli, and liflh. lit' 
fiiri-lu'r of opinion fliaf tlu* lower iwirt of oacli lateral ^nrfac!c of llio sacrum is formed by tlie 
extension and union of the third and fourth ‘eost.il’ and fourth and fifth ‘transverse’ 
epiphyses. 
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point of tho coccyx ; its concavity 
is directed downwards and forwards. 
I'lio thoracic and pelvic curves are 
termed primary curves, because they 
alone are present during foetal life. The 
cervical and lumbar curves are com- 
pensatory or secondary, and are de- 
veloped after birth, the former when 
tho child is able to sit upright and hold 
up its head, the latter when the child 
begins to walk. 

If a body be enveloped in plaster of 
Paris and divided in tho median plane 
it will be found, as pointed out by 
Humpliry, tliat a plumb-line drojjped 
from the middle of the odontoid pro- 
cess of the axis will pass through tin* 
middle of the bodies of the second and 
twelflli thoracic vertebra*, tlirough tlie 
middle «and antero-inferior edge of the 
last lumbar, and will bis(’:ct aline drawn 
transversely tlirough tlie iieads of tin* 
thigh bones. It is known from t‘x- 
jierirnent that the line of gravity of 
the head passes through the middle 
of Uie odontoid process; it therefore 
follows that this line passes through 
the points of confluence of the three 
superior curves of the vertebral column 
and through a line joining the heads of 
the thigh bones, so ihat the weight of 
th(^ skull and its contents is directly 
transmitted to the pelvis and lower 
extremities when the b('dy is in the 
(‘rect position. 

Tlie vertebral (?oluinn has also a 
slight lateral curvature, tlie eonv(*xity 
of which is directed towards the right 
side. This, as Bichat first explained, 
may b(* produced by muscular action, 
most persons using the right arm in 
preference to the left, especially in 
makir.g long-continued cflForts, when tlie 
body is curved to the right side. In 
support of this explanation it lias been 
found, by Beclard, that in one or two 
individuals who w'orc left-hand(jd, the 
lateral curvature was directed to tho 
left- side. Others regard this curvature 
as being produced by the aortic arch 
and upper part of the descending 
thoracic aorta — a view which is sup- 
ported by the fact that in cases where 
tlie viscera are transposed and the 
aorta is on the right side, the con- 
vexity of the lateral curvature is 
directed to the left side. 

Anterior surface, — View’^ed from in 
front, the width of the bodies of the 
vertebrflB will be seen to increase from 
the second cervical to the first thoracic; 
there is then a slight diminution in the 
next three vertebrse ; below this there 


Kia. 271. — ^Lateral view of the vertebral 
oolunin. 
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is again a gradual and progressive increase in width as low as the sacro- 
vertebral angle. From this point there is a rajnd diminution, to the apex 
of the coccyx. 

The 'posterior surfac.e of the vertebral column presents in the median lin(‘ 
tJie spinous processes. In the cervical region these are short and horizontal, 
with bifid extnunities. In the upper part of the thoracic legion they are 
directed obliquely ; in tlu^ middle they are almost vertical, and in the lover 
f)art they are horizontal, with a slight inclination downwards. The spinous 
processes of the lumbar vertebrie are neaily horizontal. They ar(‘ separated 
by considerabh^ intervals in the loins, by narroA\er intervals in the neck, 
and are closely approximated in the middle of the thoracic region. 
Occasionally one of the\se processes deviates a little fiom tlie median line — 
a fact to he i*emembered in practice, as irregularities of this sort are attendant 
also on fra(*tures oi- disj)lacements of the vertebral column. On either side of 
tJies|)inoiis ])rocesses is the vertebral groove fornud by the lamina* in the cervical 
and lumbar regions, wIk'h* it is shallow, and by tlu* laminie and transverse 
])rocesses in the tlioracie region, where il is deep and broad; these grooves 
lodge the deep musel(*s of <he back. External to the vertebral groov(*s an' 

articular processes, and still more extenially the transverse processes. 
Tn the thoracic, region, tin* latter j)rocesses stand backwards, on a j)lane. 
considerably posterior to the same processes in the cervical and lumbar regions. 
In the cervical n^gion, tlu* transv(‘rsi‘ processes arc* plac(‘d in front of tlu* 
articular processes, on the outi‘r sides of tin* ])edicles and betwc'C'n the int(‘j*- 
vertebral foramina. In the thoracic regi(»n th(*y are posterior to the ])cdicl('s. 
intervertebral foramina, and articular processes. In tin* Jiunbai' r(‘gion th(‘V 
are plac(*d in front of tin* articular j)rocesses, but behind tin* niters ertebi’al 
foramina. 

The lateral snrfftces are s(*|mrated from tin* jiosterior by tin* aitieular 
})roeesses in tlu* cervical and lumbar regions, and by the transverse proeess(*s 
in t In* thoracic rc'gion. l^hese surfac(*s present , in fiont , the sid(*s of tlu* bodies 
of till* V(‘rtebrtc, marked h) the thoracic region by the facets for articulation 
vitii the h(‘ads of tin' ribs. Mon* posteriorly are tin* interv(‘rtebral foramina, 
foruK'd by tlic juxta])osition of tlie iiitejv(‘itebral notcli(‘s, oval in slmjie, 
smallest in the cervical and upper part of tlie thoraeic r(*gions, and giadmiily 
iiKTeasing in size* to the* last lumbar. Tliey ti*ansmit the* spinal n(*rves and 
are situated between tin* transverse jirocc'sses in the cervical region, and in 
front of them in the tlioracie and lumbar rt*gions. 

Tlu* base of that jiortion of tlu^ v(*rtebral (’olumn wliich is made* up of tlu* 
twenty-four movabh* vertebne is formed by the under surface of the body of 
the fifth lumbar vejtebra* ; and tlu* satnwit, by tlu* uiiper surface of tlu* atlas. 

Tlu* vertebral oi* spimtl canal follow's tlu* dilferent curves of tlu* column ; 
it is large and triangular in those r(‘gions of the column which enjoy tlu* 
gr(*atest freedom of movement, viz. the n<‘ck and loins ; and is small and 
round(*d in the thoracic regioji, when* motion is more limited. 


Surfani h\>rm . — The only parts of the vertebral cohinin wliicb are siibeiitaneons, and 
so directly irilhicnce the surface lorni, are the ai)ices of the sj)inoTis processes. These 
are disliiiguishable at the hotloni ot a furrow, wdiieh, more or less evident, runs down tlu^ 
mesial line of tlie back from the external occipital ])rolnI)eranee to the middle of the 
sacrum. In the neck the furrow is broad, and ends heloNV in a eonsi)ieuous inojeclion 
e.ans(‘d by the spinous processes of the seventh cervical and first thoracic vertehra*. Above 
this the sjiinous process of the sixtli cervical vertebra sonielimes forms a projeedion ; the 
()th(*r e(‘rvical spinous pioeesses are sunken, Init that, of the axis can he felt. In the thoracic 
region t he Inrrow is shallow, and during stoojhng disap])ears, and then the s[)inous processes 
hccome more or less visible ; the marking.s produced by tliem arc .small and close 
together. In tlie lumbar region the furrow is doej), and the situation of the si)inons 
processes is itetpuaUly mdie.ated by UltU* \)itsor depressions, especially when the mtisclcs 
in the loins are wtll developed. They are much larger and farther apart than in the 
thoracic region. In the sacral region the furrow is shallower, presenting a ilattencd area 
which ends below at -the most prominent y)art of the posterior surface of the saeriim, 
formed by tlie s]iinoiis process of the third sacral vertebra. At the bottom of the furrow 
the irregular posterior surface of the hone may be felt, and below this, in the deep groove 
leading to the anus, the coccyx. In oreJer to identify any particular spinous proce.ss, it is 
customary to count from the prominence caused by the seventh cervical and first Ihoracie; of 
these two the* spinous process of the fiist thoracic is the more prominent. It i.s useful, how- 



VERTEBRAL COLUMN AS A WHOLE 201 

ever, to l)car in mind that the rnotiif Jbhe ^pine of the aoapula k on a level with the, into: Jad 
the spinous processes of the third and fourth thoracic yertebraj and th€^ inferior 
angl(‘ M-itfi the intiTval between tlie seventh and eighth thoracic ; the highest point of the , 
crest of the ilium is on a level with the spinous i)rocess of the fpurtli himlwir and the 
posterior superior spine t)f the ilium with that of the second sacral. The only other 
I'ortioiis of the vcrtel)ral column which can be felt from the surfa(‘e are the transverse 
processes of thieo of the ceTvieal vertebrje — viz. tin? lirst, the sixth, and the seventh. 
That of the atlas can be felt as a rounded nodule of hone just below and in front of the apex 
of tile mastoid process, at the anterior border of the St('rno-mnsfoid. Thi^ transverse 
process of the sixth eerA'ical vertebra is of surgical im|)ortane(*. If (l(*e|) pressure Ikj made 
in the nock, in the eoursti of the carotid artery, ojiposite the cricoid cartilage, the prumiuciit 
anterior tubercle of this process can be felt. This has Ix'eri named Chaiisai(fiyic\'^ tahcrclv, 
and against it the carotid artiuy may he most conveniently coinprc'ssed by the ling(*r. 
The transverse ju’occss of the soA'oiitli cervical vertebra can be often felt. iSom(diin(\s its 
costal pi’oeess is largo and seginentt‘d off, forming a cervical rib. 

Apjdivd Anaftmifj . — Occasionally the coalescence of llu^ lamina' is not ('ompleted, and 
consecpiently a el(‘ft is left in th(' arches of the vcrtebrie. through which a protrusion of the 
sjiinal membranes (dura mater and arachnoid), and generally of the spinal cord it'^elf, 
takes place, constituting the malformation known as .vp/au bifida. 'I’liis eondilirm is 
most eommoii in the liiinbo-saeial region, but it may occur in the' thoracic or c(*j-vical 
region, or the arelics tliroughoiil the whole length of the eanal may remain incomplete. 

'riie constniotioii of the iriovabk* part of tite vertebral eohimri oi a number of pieces, 
securely connected together am! enjoying only a slight degree', ot movemt'iit between 
any two individual jiieces, but permitting ol a ' cry considerable ranire as a whole, allows 
d suflicient degree ol mobility without any material tliiniinition of strength. The*, many 
joints of which tlie eolunin W coinfio.sed. together with the \c‘r\ vaiied moverm'nts to 
wliieli it is subjected, render it liable to .sprairu ; but, so c.iosel\ are Hie individual 
V(*rT('br!e articulated lliat Ihc'se sprains are rarely severe, ami an amount ol violenei' 
suitieiently great to jiroducotearingof the ligaments would lend rather to cause adislocation 
or fracture. The* further safety ol the ('oluinii and its slight liability to injury is juovided 
ter by its disposition in curves, instead of in a straight line. Kor it is an clast 
loiuiun, ami must bend bi'fore it breaks; under tlies(‘ eircumslanees, being made uj) 
ol three curves, it represents thrt'e eolunins, and giea,ter forci*. is i-equired to jumlucc 
bi'iiding of a short column than of a longer om' that is ('(jual to it in bn'adlh and material. 
-Again, the safety of (he (joliuiin is largely provided for by the ])rcseuc(' between tiu' bodies 
of Hie intervertebral di'^es, wliicli act as butlers in counteraeting the cH’ecls of violent jars 
or shocks. 

Frarttrrf'-di.doralio?t of tin* vertebral column may be caused by dirc'ct or indirect 
violeme. Kratdurcs from imliicet violence are t!u‘ more common, and here Hui bodies 
of the vertefua* are comjuessed, while the arches arc torn asunder; in fracturtJ from 
direct vioh*iiec, on the other hand, the arches are eomjiressi'd and the bodies of tlit‘ 
\'er(ebra* separatc'd from c*acli other It will therclori* bo si't'ii th/it in both classes ot 
injury the sjiinal cord is the part least likely to be injured, and ma> escape damage even 
when* Hu'ie has been considerable lesion ot the bony framework. When a fracture- 
dislocation is produced by indirect vioJenee, Hie dis})lacemeut is almost always the 
same; iho n|i]>er segment being dri^’cri forwards on the lower, so that tlie cord is 
coin]Jivssed botvv(*en the body of the vertebra below and the arch of the vertebra above. 

IH'v r/.sY',s- of Uiv Spiiiv. — Spinal carie's, or tuberculous disease affeeling the eane.ellous 
tissue of tlie bodies of Hie vert (’bra*, is a very eoininon condition. When tlic bodies, having 
b(*(*n d(\slroycd, begin to fall together, the sjunous processes are nect'ssarily thrown baek- 
w'ards and stand out prorniiiontly, especially if tin* disease atl'ccit the tlioraeio region, which 
is most commonly the case. The condition then goes by the name of angular curraliirv. 
am^ great rigidity of Hie inusch-^H in the alTceteil region aecoiii panics it. Pressure*, by the 
inflammatory thickenings of the disease, is a]>l to inv^olvf* tlu* spinal neiwes in tlu^ alfectcd 
region, giving rise to peripheral pains, and if the disease be in the lovv(*r thoracic vertcdiijc 
the pains are referred to the ejiigastrie or uinhilieal regions, and often the chief thing 
<^omplained of is ‘ helly-achc.’ Chronic abscu'ss formation in sjiinal caries is very frecpient, 
and it nearly always forms in front of the vert(*bral bodies. A\'lien Hu* disease is in the lower 
thoracic region, tlie aliscoss usually tracks down behind Hie Liapbragm and enters the 
psoas sheath, forming the wTll-known ps<taii absnss, which may jiresent abov^e Poujiart’s 
ligament, or may pass beneath it into the thigh, Jn oHu*r eases the abscess takes a back- 
ward course between the trans\a*rs{^ processes and presents as a dorml or lumbar abscess ; 
if the disease affect the cervical region of the spine, a post-pharjpigeal abscess results. 

batcTfil CMrvalnra of tke spinr. \h a common affection in givis who are oxiigrovving Hveir 
st length and who sit or stand long at lessons, and is due to the uneven transmission of 
weight down the column. In addition to the lateral displacement of the spinous prov^ossos 
there is a marked rotation of the bodies of the v(‘rlebrie, the displa(;einent of vvbieh is 
far in excess of that of the spinous processes. When the curve is severe and the hones 
have actually become distorted, the condition is past treatment. 

Kyphosis is an affection in wdiieli there is an increase in the normal thoracic curve, 
and is due to bonding forwards of the upper part of the body carrying the weight- of 
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the head. It is seen in rickety children, in rapidly grooving adolescents, in senile conditions, 
and in (certain diseases, such as osteo -arthritis and osteitis deformans. In the senile 
kyphosis often mot witli in ag(^d labourers, the head is firmly fixed and bent forwards 
and downw'ards on tcj the chesjL, and the spinal column is curved and rigid. The ribs 
are immobilised, the chest is flattened antero-postcriorly, and breathing becomes almost 
entirely abdominal. Post-mortem, bony ankylosis of the ligaments and cai)sules of the 
intervertebral joints is found, with ossification of the ligamenta subflava, interspinous 
and other ligaments. 

It may l)e noted that in marked oases of spinal deformity the trachea and aorta follow 
closely along the Imc of a s]nnal curvature occurring in their vicinity, whereas the 
msophagns between the tracheal bifurcation and the stomach often passes iikt» a bowstring 
across the concavity of the curve. 

Lordosis, on the other hand, is an exaggeration of the normal lumbar curve, the 
trunk being thrown backwards. This is alw^iys a compensatory curve, and is seen in 
any enlargement of Ihc abdomen, such as pregnancy or tumours ; but it is more strongly 
markeid in cases of disease of tlio liip-joint where the latter is permanently retained in a 
flexed i>osition, so that in order to bring the foot down to the ground the pelvis has to 
be tilted forwards, and this is accomplished by an increase of the normal lumbar curve 
forwards. 

Lamimctoniy , — The operation of laminectomy is performed in cases of pressure on the 
spinal cord, w'heie the continuity of the nerve-tracts has not been comjflotoly destroyed. 
It (!onsistH of cutt ing dowm on and removing the lamina* and spinous processes in the ail'oeted 
region, so as to i-elicvc the cord from pressure ; but it is useless in cases of complete destruc- 
tion of the cord Laminectomy is chiefly performed (i) for fracture-dislocation, (ii) for 
localised cor^l -pressure in cases of spinal caries, the object here being to remove the lamina* 
against Avhitjh the cord is pressed by the inflammatory mass ; and (iii) for the removal of 
tumours growing inside the spinal canal and compressing the cord. If such cases be 
taken early, very satisfatdory results are obtained. 


THE THORAX 

The sko](‘tori of the thorax, or chest, is an ossco-cartilagirious cage, 
containing and protecting the principal organs of respiration and circulation. 
It is conical in shape, being narrow above and broad below, flattened from 
before backwards, and longer behind than in front. It is somewliat reniform 
on transverse section on account of tlic projection of the vertebral bodies into 
tli(i cavity. 

Boundaries. — Tlu* posterior surface is formed by the twelve thoracic 
vertebne and the posterior parts of the ribs. It is convex from above down- 
wards, and pn^seiits on either side of the middle lijie a deep groove, in conse- 
quenee of tlu; direction baekAvards and outwards whicdi the ribs take from 
their vertebral extremities to tlioir angles. The anierior surface, formed by 
the sternum and costal cartilages is flattened or slightly convex, and inclined 
from above downw^ards and foi*w aids. "Jlie lateral surfaces are convex ; they 
are formed by the ribs, separated from each other by the intercostal spaces. 
These spaces are eleven in number, and are occupied by the Intercostal muscles 
and membranes. 

The upper opening of thethoi ax is reniform in shape, being broader from side 
to side than from before backwards. It is formed by the first thoracic vertebra 
behind, the ufiper margin of tlie sternum in front, and tlie first rib on either 
side. It slopes downwards and forwards, so that the anterior part of the ring is 
on a low or kn el than the posterior. Its antero-posterior diameter is about two, 
and its transverse diameter about four inches. The lower opening is formed 
by the twelfth tJioracic vertebra behind, by the eleventh and twelfth ribs at 
tli(5 sides, and in front by the cartilages of the tenth, ninth, eighth, and 
seventh ribs, AA^hich ascend on cither side and form an angle, the subcostal angle, 
into the a^iex of Avhich theensiform cartilage projects. It is wider transversely 
than from before backwards, and slojics obliquely dowmwards and backwards. 
The Diaphragm (closes the loAver opening and forms the floor of the thorax. 

The thorax of the female dillers from that of the male as follows: 1. Its 
capacity is less. 2. The sternum is shorter. 3. The upper margin of the 
sternum is on a kivel Avitli the lower part of the body of the third thoracic 
vertebra, A\'hcreas in the male it is on a level Aviih the lower part of the body 
of the second. 4. The upper ribs are more movable, and so allow a greater 
enlargement of the upper part of the thorax. 
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The Sternum 

The sternum (figs. 272 and 273) is an elongated, flattened bone, forming 
the middle portion of the anterior wall of the thorax,,. Its u^per end supports 
the clavicles and its margins articulate with the cartilages of the first seven 
pairs of ribs. It consists of three parts, named from aboVe downwards, tlie 

Fig. 272. — ^Anterior surface of sternurn and costal cartilages. 


STCRNO'CLFtBO- MASTOID 



m<rnubrimn (presteriium), the body or gUidiolus (mesosternuni), and i\ici xi^dund 
or ensiform process (metaslernum) ; in oai*ly life the gladiolus consists of 
four segments or sierneJbrcs, In its natural })<)KiHon its inclination is oblique 
from above, downwards and forwards. It is slightly convex in front and 
concave behind ; broad above, becoming narrowed at the point wh(*re the 
.manubrium joins the gladiolus, after which it again \ndens a little, and 
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Dien rapidly narrows to its lower ext i emity. Its average length in the adult 
is about seven inches, and is rather greater in tlie male than in the female. 

Tlie pianubriimi (manubrium steriii) is of a somewhat form, 

broad aiiai^hici ^x)V(i, narrow below at its junction with the gladudus. Its 
anteriorjB'urface . convex from side to side, concave from above downwards, 
psTsmootli, aiict affords attachment on either side to tlie sternal origins of the 
Igectoralis nia jor and Sterno-mastoid In well-marked bones the 

.Vfidges li mi ting the attachments of these muscles are very distinct. Its i mfitcribr 
\ concave and smooth, affords attachment on eithcj- sideix) the ^rno-~ 

^ivoid^md Steruo-tliv roid mu scles, 'riie .superior border is the thickest and 
/^resents ar its cenTic The pff^iiernal (ineisura jugularis) ; on eitlier sidt^ 

of the notch is an iirtjeular sa ^rface . directed upwards, backwards, and 
outwards, f(,i^'^nr|itui1|itinT| u-ii' h^ e nd of the_cla ^icle. The iiilerig r 

muT rough, is cci^eiiT^ wjt ^ITth m ay r j)f cartilage , 

for art iculatio2i,.\\'ith tlie glacTiolus. lateral bor ders c'acn in^irnen’ab()ve 

"^"l5yji.xl<ipir^ssroirforThe"^^ 

Kkj. 273.— I'osteiior suiliUT bi>l<jw by lTBmai nSMrL w'hicli. wiili >i similar 
of stcrniiiij. facetonlm^ upper^fnigle of the glad i o1 ui TfoTTTff 

t aT^fcTTTdr fTiV rcf^eption of the gustaJ gartilag(i 
loom jjec()n< l^iTb T Tlfese articular surfaces are 

For ut S(‘paratecl by a narrov\', curved edge, wJiich slopes 
downwards and inwards, 
riu' gladiolus (corpus sterni), considcrarily 
longer, narrtTuer^ and thinian* than the manu- 
brium, attains its great (‘sl liri'adtli close to tin' 
Joi\er end. ^\)?^SUderior^jurJace is m^ aijv fiat . 
d jirt^g ted uj)war(ls^“n^^ Txfs,jxii^ mai k cd iJy 
three ^ii:an^v(Tse rlcTg(‘S wliicTT cross lh<' bone 
op])ositc the tliird*, fomtJi, and fifth arlicailai* 
\L,>,r^fvnio^'{i depressions.* It i^ilor ds at tacliment on cither 

9 Sr ^ ^hc stc'rnal origin of the IVctoralis major. 

Vl ^ 1 -\t,tijL<: junction of the tliird and fonrtli ph^s 

Jf. ^ 'V is. occasionally seen an orifice, the sientut jorii- 

iC,fr>n “f varyiliK RiTK' finOoni). 'J’Jk- ww/. /^- 

M slightly concave, is also niarkccniy three 

li x f Ltraiisverse lines, less "distinct, howcvxu-, thaji 

^ ^ pp’^those ihTrbnt; if affords attaclimint below, on 

.y rn/o/i |^ dtt'er side, to .xht^l^nfuigplaris stgrni. Th(‘ 

^ .i ova l^ jjd artic/ulalj ^s ^^itl_l th e 

/si ^ 1^^' iujicTion of the i \\ p fomiing 

the ////^/^?//^ 'X?7r/oi7?*(^ (angiilus sterni) . ’TIu^ 
inferior border is narrow , and articulates w ilh the 
7/7/ emsiform a])])cndix. hjach^ lateral bor^r^ii\ ibj 

angle*, has a small fai^t. whicfi w ith a 
similar Taeet on th(^ Tnaniibrlum, forms a cavity 
fortius cartilage of the st*c*ond rib; l)elow this 
are four angular depressions wliiefi nu-cive* the 
cartilages of the third, fourth, fifth, and sixth 
ribs, wliih- the inferior angle* lias a small facet, wfiich, w'ith a correspemdiiigonc e>n 


the ensiform ajijx'ndix, forms a notch for the emrtilage of the sc vent h rib. The‘se 
articulai* dcpre*ssioiis are* scparatexl by ascricsof curved intern rticular intervals, 
which diminish in le*iigth from above downwards, and e-orrespond to the intcr- 
(‘<*stal spacers. ol llic gartUa^s belon^in^_t(j tUe true as w ill be 

scien from the f()ie‘ge)ing ele*scription, arficulatiMvith the sternum at the lin(*s of 
junction of its primitive e*ornj)onent segments. This is wxdl seen in many of 
the loA\(M‘ animals whcTC the separate parts of the bone remain ununited 
longer than in man. 

The giaiform process .or (proe^ossus xipheiideus) is 

the ^allest cu iTie^tlirex* pie^cest: is thin and elongated in forn^, c artilagi nous 


* I’atersoii (77ic Jlumnn StcniHm^ 1001), who examined r>21 specimens, iioiiits ont tlial 
llicsc ridges ar(i altogether absent in 2G-7 ])er cent.; that in GO per oent. aridge exists opposite 
the tliird costal attachment ; in l»0 per cent, opposite the fourth ; and in 1 per cent, only, 
opposite the fifth. 
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Fig. 274. — Ossification of th<^ sternum, by six centres. 
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in structure in youth, but more or less ossified. at its upper part ip the adult. 
Its .aJttjadaniexiiJio- ilte oMIi ^amoqE^aml 

a. small part priblS Rectus. .Abdominis ; its y^ttn^ mrfaoo^^ to somc^f 
thfi >„ fibres of the!] l)TaphragnL*an(§lTriangularis lolmiJLlloTdvrs, 

tajUl^L^PR^MPses of t3ie ab^ipniirm Above, it articulates witli tTui 

low(^r end of the gladiolus, and at (jacli suponor angle presents a facet for the 
lower lialf of the cartilage of the seventh rib ; b^daui^ -by 4ts . j|>oi n ted extremity, 
attachment to^the lineaLOjba. This portion of the stemuni varies much 
inTorm ; it , may bc b fgad and t^inj, poi nted, bifid^ jyn-fomted^ 
deflected^ conS3SaEI^tQ, onorortrfrher side/'' ‘ 

Blructiire. — The sternum is composed of delicate, highly vascular cancellous 
tissue, covered by a thin layer of compact boT\e which is thickest in the 
manubrium between the articular facets for the clavicles. 

Ossification. — The cartilaginous sternum originally consists of two bars, 
situated one on either side of the mesial plane and connected with the cartilages 
of the upper nine ribs of its own side. These two bars fuse with each other along 
the middle line and the bone is ossified from six centics : one for the first piece 
or manubrium, four for the second piece or gladiolus, and one for the ensiforrti 
process (fig. 274). Up to the middle of foetal life the sternum is entirely carti- 
laginous, and w^heu ossification takes place the ossific granules aijp deposited in 
the intervals between the articular depressions for the costal cartilages, in the 
following order : in th(^ manubrium and first piece of the gladiolus, during th(i 
sixth month ; in the second and third pieces of the gladiolus, during the seventh 
month ; in its fourth piece, during th(^ first year, or between the first and second 
years ; and in the ensiform process, between the fifth and eighteenth years. The 
centres make their appearance at the upper parts of the segments, and proceed 
gradually do wm wards.* To these may be added the occasional existence, as 
described by Brcschet, of two small cpisternal centres, Avhich make their appear- 
ance one on either side of the presternal notclu's ; they are pro})ably vestiges of 
the ei)isternal bone of tin; monotremata and lizards. It occasionally iappons that 
some of the segments are formed from more than one centre, the number and 
position of which vary (fig. 276). Thus, the first piece may have twx>, three, or 
even six centres. When two are present, they are generally situated one above 
the other, the upp(‘T being tlie. larger ; the second piece has seldom more than 
one ; the third, fourth, and fifth pieces arc often formed from two centre's placed 
lateially, the irregular union of which w411 serve to explain the rare*. e)ccuiTeiice; 
of the sternal foramen (fig. 277), or of the vertical fissure which occasionally 
intersects this part of the bone ; these conditions are further explained by the* 
manner in whicb the* cartilaginous matrix, in which ossification taki'.s place, is 
formed. Ibiion of the various centres of the gladiolus coinmences about puberty, 
and proceeds from below* upw^ards ; by the age of tw enty-five they are all united 
(fig. 275). The ensiform proce.ss may become joined to the gladiolus be*iore 
the age of thirty, but this occurs more freejnently after forty ; on the other 
hand, it sometimes remains un united in old age. The maniHji^fmih is occasionally 
joined to the gladiolus in advanced life by bone. When this union takes place, 
however, it is generally only superficial, the central portion of the intervening 
cartilage remaining unossified. 

Articulations. — 4’he stcinum articulates on cither side with the clavicle and 
upp(u* s(*ven costal cartilages. 

The Ribs 

The ribs are elastic arches of bone, which form the chief part of the 
thoracic walls. They are twelve in number on cither side; but this number 
may be increased by the development of a cervical or lumbar rib, or may be 
diminished to eleven. The first seven are connected behind witli the vertebral 
column, and in front, through the intervention of the costal cartilages, with the 
sternum ; they are called veriebro-sternal, or true ribs (oostas vera*) .f The remain- 
ing five are falsa ribs (costa* spuria?) ; of these, the first three have their cartilages 

• Out of 141 .stcTiia between the ages of birth and sixteen years, Paterson {op. rit.) found 
the fourth or lowest centre for the gladiolu.N present only in thirty -eight cases— i.r. 26*!) per 
cent. 

f Sometimes the eighth rib cartilage articulates with the sternum ; this condition occurs 
more frequently on the right than on the left side. 
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attacliod to tluj cartilage of tlie rib above {vcrtebro-cJumdral) : the last two Are 
free at their anterior extremili^is and are termed floating or vertebral ribs. The 

Fig. 278. — A central rib of the left side. Inferior aspect. 

Nov -articular part of tubercle 

A rtieu lav pa rt of t uherclc 


Subcostal tjroovc 


-Shaft 


^ribs vary in their direction, the upper ones 
being less oblique than ifte lower. The 
obliquity reaoijes its maximum at the 
ninth rib, and gradually decreases from 
that rib to the twc^lfth. The ribs are 
situated one below the other in such a 
nianni r that spaces called intercostal spaces 
are left between them. Tlie length of 
each space corresponds to the lengths of 
the adjacent ribs and their cartilages ; the 
breadth is greater in front tlian behind, 
and between the upper than the lower 
ribs. The ribs increase in length from 
the first to the seventh, below which th(‘y 
diminish to the twelfth. In breadth they 
decrease from above downwards ; in the 
upper ten the greatest breadth is at the 
sternal extremity. 

Common characteristics of the ribs 

(figs. 278 and 279). — A rib from the 
middle of the series should be taken in 
order to study the common characters of 
these bones. 

Each rib presents two extremities, a 
posterior or vertebral, an anterior or 
sternal, and an intervening portion — the 
body or shaft. 

The posterior or vertebral extremity 

presents for examination a head, neck, 
and tuberosity. Th^J^j3;d«*-(capitulum 
(iostie) is marked by a kidney-shaped 
articular surface, divided by a horizontal 
ridge (crista i^apituli) into two facets for 
articulation with the depression formed 
by the junction of the bodies of two con- 
tiguous thoracic vertebraj ; the upper facet 
is small, thelo\Ner of larger size ; tbe^ 

them serves for the attaelimenf. 
qft^ ifljgrarim^^^ 

(collum co^a*) is the flattened pormon 
which extends outwards from the head ; 
it is about an inch long, and is placed 
in front of the transverse process of the 
lower of the two vertebrae with which 
tlie head articulates. Its anterior surface. 
is flat and smooth, its posterior rou^\. 
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rounded, un the po^erior Hurfacc at the junction of the neck and shaft, 
and nearer the lower than the upper border, is an eminence — the tube rcle 
(tubercnlum costae) ; it nf an r nnn-flrtinnlSrTff^Vrmtf 


sents 


i IP u\im\ 


_ IjI 




external surtaoe ’presfiffts. towards ik sternal extremi!yiTilH 'SMpeTme, the 
rnternal fiurj’aee is concave, smooth, directed a little 
apwardsTreTiind the angle, a little downwards in front of it, and is marked by 
a ridge which eommeiiix's at the low(!r extremity of the head ; this ridge is 
strongly marked as far as the inner side of the angle, and gradually becomes 
lost at the junction of the anterior and middle thirds of tlie bone. Between 
it and the inferior border-, 'js,^a groove, t he ^ndj^osUil groo ve {sulcus eostaj) 
f»L|the m ^OOiat^ and nerve. AnSOTSSil!!^^ the bone, this 

gi-oovc Dciongs to tlHnnfcriorlidriJ^'but just in front of the angle, where it. 
is di'ciwst and broadest, it corresponds to the internal surface. .,,Thgf|meriQr 
edtfO of tlie, vronve is ronmtftd ft,« p nEeltl^na l 

“S*mi&®l^,,^UNcje ^ me infenaOdm corresponds tQ.lhfi.iQwer mnrpiff'Afm, 
rtPi anflJi asgs attachm.eiia. t.Q the External intercostal. Within the groove 
are seen the ormoes ot numerous s1^'Tf5?dfhmr?8r' nutrient vessels, which 
traverse the shaft obliquely^ from botoro backwards. The superior border, 
thick and rounded, is marked by an external and an internal lip, more 










RIBS . ’ 209 

distinct behind than in front, which 

External and BSitemal interoostalMnuscj^ The w/mor border, thm JMld 
aTiaroT ra ^l tl l lW a j^^ muscle. 

Tlie anterior or sternal extremity is flattened, ancf presents a porous, 
oval, oonciave depression, into which the costal cartilage is received,, ^ 

The first, Second, tenth, eleventh, and twelfth ribs present certain 




variations from the common characters described above, and require special 
consideration. 

The first rib (fig. 280) is the most curved and usually tlie shortest of all the 
ribs ; it is broad and flat, its suriaces looking upwards and downwards, and 
its borders inwards and outwards. The head is small, rounded, and presents 
only a single articular facet, for articulation with the body of the first thoracic 
vertebra. The neck is narrow and rounded. The tvberosity, thick and 
prominent, is placed on the outer border. There is no angle, but at the 
tuberosity the rib is slightly bent, with the convexity of the bend upwards; 

P 
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HO that the head of the bone is directed- dovjiwards. Ijjfi 

w a-aii«iit n/iyA pr»[[ Qag^intemalft m^.a tubej ^jg,, 

(taberculum n f^y t.hn Scaleni- “ 

mita the siihelavian vein, the postenc 

— ■"" 'flntf 


be ante] , 

-between the 
h iJMUtfe the. 


■^^lic tiiieder surface is siiiootE, and destitute of a sdbcostal ^ 
border is convex, thick, and rounded, and at its lJi3gtjgj:j[gj attac 

the first serration of me ‘t^er is con- 

cave, ^nin, arid sharp, and marked abouF ils centre Iiy the scaienc tubercle. 
^ The anterior extremity is larger and thicker than that of any of the other 
' ribs. 

Tile second rib (fig. 2S1) is much longer than the first, but bears a very 
considerable resemblance to it in the direction of its curvature. The non- 
/ articular portion of the tuberosity is occasionally only feebly marked. The 
amgle is slight, and situated close to the tuberosity. The shaft is not twisted, 
so that both ends touch any plane surface upon which it may be laid : but 
there is a bend, with its convexity upwards, similar to, though smaller than 
that found in the first rib. 'J'he shaft is not flattened horizontally like that 
of the first rib. Its , external surfaccy which is convex, looks upwards and a 
little outwards ; it pres en ts, near the fxminpnpi* for thg 

i ^titc hinniit.. qI first and tbe whole dF^llg"?< fTOhd 

(figitation of J)).c^Spi;ratua magnus ; ai^d” ab ove attac heclTfie 

i?eal6ft posticus. Tli^ internal surface, sniooftriincl concav^ dlreetcd 
lidwflW^irds and a little irus ards : it presents a short hJ ^ 

its posterior part. * 

Tlie tenth rib (fig. 282) has only a single articular facet on its head. 

The eleventh and twelfth ribs (figs. 283 and 284) have each a single arti- 
cular facet on tlie head, which is of rather large size ; they have no necks or 
tuberosities, and are pointed at their (extremities. 'I’he eleventh lias a slight 
angle and a shallov' wibeostal groove. The twelfth has neither, and is niueli 
shorter than the eleventh, and the head has a little inclination downwards. 
Sometimes the twelfth rib is even shorter than the first. 

Structure. — Tlie ribs consist of highly vascular cancellous tissue, enclosed in 
a thin layer of compact bone. 

Ossification. — Each rib, with the exception of the last two, is devclo])(Ml l)y 
three centres ; a primary centre for the ^haft, and two epiphyses, one for the head and 
orieTor the tuberc le. The eleventh and twelfth ribs have only two centres, that foi 
the tubercle being wanting. Ossification begins in the shaft at a very early period, 
before its aj)[)eaTance in the vertebra'. The epiphysis fc»r the head, of a slightly 
angular shape, and that lor the tuhende, of a lenticular form, make tlieir 
aj)pearaTice between the sixteenth and twentieth years, and are not united to tlu', 
rest of the bone ujitil about the twenty-fifth vear. 


Applied Anatomy. — Cervical ribs derived from the seventh cervical vertebra (jjage 187) 
are of not infrequent ociuirrciicu', and an*, important clinically because they may give 
rise to obscure nervous or vascular symptoms. The cervical rib may be a mere epiphysis 
arti(‘u1ating only with the transverse process of the vertebra, but more commonly it 
consists of a defined head, neck and tubercle, with or without a body. It extends 
outwards, or forwards and outAvards, into the posterior triangle of the neck, where it 
may terminate in a free end or may join the first thoracic rib, tlie first costal cartilage, 
or the st(u*riiim.* It varies much in shape, size, direction, and mobility. If it reach 
far enough forwards, part of the bracliial plexus and the subclavian artery and vtiin cross 
over it, and are apt to suffer compression in so doing. Pressure on the artery may 
obstruct the circulation so much that arterial thrombosis results, causing gangrene of 
the finger-tips. IMissure on the nerves is commoner, and affec^ts the eighth (jtwvical and 
first thoracic n«*rvcs, (‘.ausing jiaralysis of the muscles they supply, and neuralgic pains 
and paraesthesia in the area of skin to which th(?y are distributed ; no ooulo-pupillary 
changes are to be found, tf these symptoms be severe, removal of the rib or as much of 
it as ('.auses pressure on the vessels and nerves is called for. The oiieration is not free 
from diflSculty, and has been followed by paralysis of the muscles and by subclavian 
aneurysm, duo to injuries inflicted in the course of the operation. 


* W. U horbum, 2hc Med. Chronicle, Manchester, 1907, 4th series, xiv., Ncl3. 
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TH^'^OSTi^i CAHiq^GBS 

The costal cartilages (cartilaginos costalc#) (fig. 272) are bars of wMte, 
hyaline oariilapr e. which serve to. prolong the ribs forwaiti to the front of the 
chest, and contribute very . materially to the elasticity of its walls. The first 
seven pairs arc connected "with the sternum; the next three are each articu- 
lated with the lower border of the cartilage of the preceding rib ; the last two 
have pointed extremities,- which end in the walls of the abdomen. Like 
the ribs, the costal cartilages vary in tlicir length, breadth, and direction. 
They increase in length from the first to the seventh, then gradually diminish 
to the last. Their breadth, as well as tliat of the intervals betwt^t3n tliein, 
diminishes from th(i first to the last. Tlicy arc broad at their attachimjnts 
to the ribs, and taper towards tlicir sternal extremities, excepting the first 
two, which are of tlu? same breadth throughout, and the sixth, seventh, and 
eighth, which ar^i cnlargcid where their margins are in contact. They also 
vary in direction : the first descends a little, the second is horizontal, the third 
ascends slightly, while the others follow tlie (Joui*se of the ribs for a short 
distance, and tlien ascend to the stcirnum or preceding cartilage. Kacli costal 
cartilage presents tvAo siirfa(*<\s, two borders, and two extremities. The 
nnivrlor surface is convex, and looks forwards and upwards : that of the first 
giv<\s attachment t ;0 the costo-cdavicular ligament and the Subelavius muscle ; 
that of tJic second, tliird, fourth, fifth, and sixth, at their sternal ends, to the 
JVctoralis major.* The otluus ar(‘ cover'd by, and give partial attacthim^nt 
to, some of the* Hat muscles of tlu‘ abdomen. Tiie posieriar surface is 
concave, and directed] backwards and downwards; tb(3 first gives attachment 
to tlie S ter no- thyroid, the third to the sixtli iiKdiisivc to the Triangularis 
st-(3rni, and the six or seven inferior ones to the Traiisversalis abdominis and 
the Diapliragm. Of tlai two borders, the superior is (joncavc, the inferior 
convex; they afford attaclimcnt to the Internal intcM’costal muscles: tlie upper 
border of tli(3 sixth gives attachment also to lla* 1 Vet oral is major. The con- 
tiguous bordci’s of the sixtli, st^ventb, and eightli, and sometimes the ninth 
and tenth, costal carlilages present small, smooth, oblong-shaiied facets at 
th(3 points wlicro they articulate with one another. Of the two extremities, 
th<‘ oute/r one is continuous with the osseous tissue of tlie rib to wiiich it 
b(‘longs. Tiic inner extremity of tlie first is continuous w itb the sternum ; 
the six succeeding ones have rounded ends, whicii an* j'ccci\^e(l into shallow' 
concavities on the lateral margins of tlie sternum. TIu' inner extnmiitios of 
the eighth, nintb, and tenth costal cartilages arc pointed, and are connected 
with tiic cartilage immediately above. TJiosc of the eleventh and twelfth are 
free and pointed. 

The costal cartilages are most elastic in youtli, those of the false ribs being 
more so than those of the true. In old ago they become of a deep yellow 
eoloin, and are prone to und<‘rgo superficial ossification. 

Surface Form. — The bones of the chest ans to a vc'iy consichTahle extent covered by 
muscles, so that in the strongly developed muscmlar sid)j(iet they are for the most part 
concealed. Tn the emaciated subject, on the other hand, the ribs, especially in the lower 
and lateral regions, stand out as prominent ridges witli the sunken, intercostal spaces 
botwexjn them. 

In the middle line, in front, the su|)crlieial surface of the sternum can bo felt through- 
out its entire length, at the bottom of a deep median furrow, the sternal furrow ^ situated 
betw’^cen the Pectoral is major muscles. These muscles overlap the anterior surface 
somewhat, so that the whole of the sternum in its entire width is not subcutaneous, and 
this overlapping is greater opposite the centre of the bone than above and below, so 
that the furrow is wide at its upper and lower part, but narrow m the middle. The 
(sentre of the ‘upper border of the sternum constitutes the presternal notch, and is in 
the same horizontal plane as the lower border of the body of the second thoracic; vertebra ; 
the lateral parts of this border are obscurwl by the tendinous origins of the Sterno- 
mastoid muscles, which appear as oblique tendinous cords, narrowing and deepening 
the notch. Low’er down on the subcutaneous surface a well dctined transverse ridge, the 
angulus Ludovicu is always to be felt. This denotes the line of junction of the manubrium 
and gladiolus ; it lies at the level of the fifth thoracic vertebra, and is a useful guide to 
the second costal cartilage, and thus to the identity of any given rib. The second rib 
being found, through its costal cartilage, it is easy to count downwards and find any 

* 14re first and seventh in addition occasionally give origin to the same muscle. 

t2 
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other. From the middle of the sternum the furrow spreads out, and, exposing more of 
the surface of the bone, terminates at the junction of the gladiolus with the ensiform 
cartOage, on tlie same level as tlie disc between the ninth and tenth thoracic vertebrae. 
Immediately below this is the infraMernal mtch ; between the points of junction of the 
seventh costal cartilages to the sternum, and below the notch is a triangular depression, 
the epigastric foAsat or pit of tlie stomach (scrohiculus cordis), bounded laterally by the 
cartilnges of the seventh ribs ; in it the ensiform cartilage can bo felt. The sternum in 
its vertical diameter presents a general convexity forwards, the most prominent point 
of which is at the joint between the manubrium and gladiolus. 

On either side of the sternum the costal cartilages and ribs on the front of the dies! 
are partially olwcured by the Pectoralis major, through which, however, they can 
be felt as ridges, with yielding intervals between them, coiresponding to the intercostal 
spaces. Of these spaces, that between the second and third ribs is the wudest, the 
next two somewhat narrower, and the remainder, with the exception of the last two, 
comparatively narrow. 

TJio lower border of the J^ecl oralis major corresponds to the fifth rib, and below 
this, on the front of the chest, the broad, fiat outline of the ribs, as they begin to 
ascend, and the more rounded outline of the costal cartilages, are often visible. The lowci* 
boundary of the front of the thorax, the ahdmtiino-tlmracic arch, which is most plainly 
scon by bonding tlie body backwards, is formed by the ensiform ciartilage and the cartilages 
of the seventh, eightli, ninth, and tenth ril)S, and the extremities of the cartilages of 
the (‘l('V(‘ntli and twelfth ribs. 

On either side of the elicst, from the axilla downw^ards, the flattened external siirfacjes . 
of the ribs may be delincd in th(^ form of oblicpie ridges, separated by doprc'.ssions corre- 
s])oiiding to the intere,os<al s])aees. Tliey an*, liowt^vor, covered by muscles, which, when 
strongly developed, obscure their oulliric to a certain extent. Nevertheless, the ribs, with 
the exception of the first,, can gcfi(?rcilly Ik* follow(‘d over the front and sides of the chest 
without difiicjulty. Tins first rib, Ixung almost completely (^ov(‘red by the clavicle and 
scapula, can only be distinguished in a small portion of its extent. At th(‘ back, tli(i angl(*s 
of the ribs lie on a slightly marked obli<iu(‘ line, on either side of and some distance 
from the spinous proc(\sses of the vertebra*. This line diverg(‘s someuvhat as it descends, 
and external to it is a liroad, convex surface, caused by the jirojee-tion of the ribs beyond 
their angles. Over this surface, (‘\(^epl where covered by the scapula, the individual 
ribsean be distinguished. 

?\)r clinical imrposes and convenience of d(5Scriptioii, the surface of the elu‘st has b(‘cn 
inapf)(‘d out by arbitrary lines into certain definite areas. On the front of the chest the 
most important vertical lines am the mid-stermtl, w'hich runs down median line of the 
sternum, and the manimary, which runs vertically d(>vmwards from a jjoiiit midway 
betw’een tlie centre of the presterrial notch and the tip of the- acromion process. This luu*. 
if prolonged, will cross Poupart\s liganie-iit at a point midway between the; anterior su fierier 
spine of t.he ilium and the symphysis pubis. The lateral area is bounded by two vertical 
lines — that in front, the anterior axillary line, being drawn from the anterior fold ol 
the axilla ; and that behind, IIkj jH)sf(nu>r axillary line, from the jiosterior fold. I5y some 
this lat(*ral area of llie thorax is furtiu'r divided by a mid -axillary line, drawn clowuiw'ards 
from the apex of the axilla. On tin* posterior aspect of the thorax the scapular Una is 
drawn vertically through the inhirior angle of the .seajmla. 

Applied A natamy . — Fracture of the sternum is by no means common, owing, no doubt, 
to the elasticity of the ribs and tlieir cartilages which support it like so many springs. 
The fracture usually occurs in the upper half of tin*- gladiolus. Dislocation of the gladiolus 
from the manubrium may take place, Jind is sometimes descrilH*d as a fra()ture. 

The bone is frequoiilly the seat of gummatous tumoura and not uncommonly is affected 
with caries. 

The ribs are frequently broken, though from ilieir conneedions and shape they are 
able to withstand great force, yielding under the injury and recovering themselves like 
a spring. The middle ouch of the series arc the most liable to fracture. The first and 
to a less extent the second, being protc(!ted by tho clavicle, are rarely fractured ; and the 
elevcntli and twelfth on account of their loose and floating condition enjoy a like immunity, 
llio fraetunj generally occurs from indirect violence, from forcible compression of the^ 
chest W'all, and the bone tlien gives way at its weakest part, i.e., just in front of tlie angle. 
But the ribs may also be broken by direct violence, in wliioh case the bone is driven 
inw'anls at tlie point stnick. lVa<Jture of the ribs is frequently complicated with some 
injury to the viscera contained within the thorax or upi)cr part of the abdominal cavity ; 
this is most likely to occur in fractures from direct violence. 

Fracture of the costal cartilages or scjparation of the cartilages from the ribs, may also 
take j)lace, though tlioy arc comparatively rare injuries. In workmen the pressure of tools 
may displace th**, ensiform cartilage inwards. 

The ribs are frequently the seat of tul)erculous disease, with the formation of a chronic 
abscess in the (shest wall. This may not immediately overlie the carious portion of rib, 
as the pus is often directed a considerable distance along the subcostal groove before 
appearing beneath the integument. 
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Reboction of a porlio^-of a nb i» oftoa required in order to give efficient drainage to 
an empyema ; ihis is referred to in the dcjsoription of the respiratory organs. 

The thorax is fre<iuently found to be altered in shape in certain diseases. 

Tn rickets, the ends of the ribs, where they join the costal carUlages, become enlarged, 
giving rise to the so-called ‘ rickety rosai'y,’ which in mild ctisos is only found on the internal 
aspect of the chest- wall. Outside these enlargements the softened ribs sink in, so os to 
present a groove jiassiug downwards and outwaids on either side (d‘ the sternum. This 
bone is forced forwards by the bending of the ribs, and the an tero -posterior diameter of 
the chest is increased. The ribs from the second to the eighth are the ones affected, 
the lower ones being prevented from falling in by the presence of the livtjr, stomach, and 
spleen ; and when the abdomen is distended, as it often is in rickets, the lower ribs may 
be pushed outwaids, causing a transverse groove (Harrison’s sulcus) just above the costal 
arch. This deformity is known under the name of ‘ pigeon-breast,’ and is primarily 
duo to some chronic obstruction to the entry of air into the thorax, though it is more jirono 
to occur in the softened bones of rickety children than in tht*, healthy, where the resistance 
of the thoracic walls is greater. Tlus phthisical chest is often long and narrow, flattened 
from before liaek wards, and with gn^at obliquity of the ribs and projection of the scapula*. 
Tn pulmonary emphysema the (*h(;st is enlarged in all its diiimetcrs, and ]>n5scnls on section 
an almost cirenilar outline. It/ has roceiveul the name^ of the ‘ li ftrrol - s haped chest.’ In 
severe casijs of lateral nirmtnre of the spine the thorax becomes miuih distorted. In 
consoipienee of the rotation of the liodies of t>c vertebrte, whitsh takes ])lace in this disease, 
the ribs op]iosite the (convexity of the dorsal curve beiiome extremely convex behind, being 
thrown out ami bulging, and at the same tim flattened in front, so that the two ends of 
the same rib are almost parallel. (Coincident with this the ribs on the oi)i)osite side, on 
tlu! (;oneavity of the curve, are sunk and depressed behind, and bulging and convex in 
front. 

Tt ih commonly said that in tuberculosis of the lungs tho chest is characteristically 
‘ flat," that is to say, that the ratio of its antcro-poslerior to its transverse diameter is less 
than the normal. Hut by careful measurement in a hii'ge number of erases. Woods 
Hutchinson has shown that this is not so. Taking, the transverse diameter of the 
(ii(*st at the nipple level as = KJO, he tinds that in the normal adult man betwiren tho 
ag(is of 20 and 44 tho antero-])Ostcrior diameter - 71. In 82 phthisical subjects it 
was = 70 '5, and in 30 ‘ flat- chest cd ’ persons was - 80. Ho exiilains tho error as an 
optical illusion, duo to rolling forwards of the shoulders in the ‘ flat-chested * •; tho 
back is seen to be correspondingly rounded and jwotuberant, while tlie forward 
]K»sition of the shoulders and clavicles lends an appearaiuie of flattening to the chest. 

More or less shrinkage of one side of the thorax is often stuui as a eousequence of adhesive 
fileurisy, in Avhicli the vis(;eral and parietal pleurie adlujre closely to one another and 
the lung becomes collapsed and fibrosed. If this process be at all eom}>lete, great 
deformity of tho chest r(\Mults, tho ribs on the affect ed side falling in, together with oblitera- 
tion of the intercostal spaces ; tho contents of the mediastina are pullt'd over towards the 
affected side, the other lung becomes emphysematous comiwnsatorily. The wrlt bral 
column become, '> scoliotic, with the eoncavitv of the curve towards the affected side. 


THE SKUl.L 


Tiio skull is .supported on tlui simiinit of tlu^ v(*rtebral coluniri, and is of an 
oval .sluijH*, wider behind than in front. It is (unn posed of a scries of llattcned 
or irregular bones which, w\ih (*xception (the mandible, or lower jaw), 
are immovably jointed togctlicr. It consists of two parts : (J) the cranium, 
wliicli lodgi'M and protects the brain and comprises eight bones (o.ssa (^ranii), 
cind (2) the (tkeleton of the face, whicdi consists of fourteen bones (ossa faciei), 
as follows : 


Omi cranii, 8 bones 


/Occipital. 

I ^J\vo Parietals. 

Two Temporals.^ r 
Sphenoid. " 
Frontal, i 
'Ethmoid, f 


Skull, 22 bones ^ 


/Two Nasals. 

Two Lachrymals. 

Two Maxilla;. . 

'0««a faciei, 14 McriOT Turbina teds. 

Two Malars. ' 

Vomer. ’ * 

'Mandible. • ^ 
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According to the Basle nomenclature, certain bones developed in associa- 
tion with the nasal capsule, viz. the inferior turbinateds, the lachrymals, tlie 
nasals, and the vomer, are grouped as cranial and not as facial bones. 

The Hyoid bone, ^situated at the root of tlic tongue and attached to tjic 
base of the skull by ligaments, has also to be considered in this section. 

OSSA CRANII 
The Occipital Bo^^E 

The occipital bone (os octeijntale) (figs. 285 and 280), situated at the 
back and lower part of the cranium, is trapezoid in shape and niueh curved 
on itself. It is pierced by a large oval apertur(\ foramen magnum, through 
whicli the cranial cavity communicates with the vertebral canal. 

Tile curved, expanded plate behind the foramen magnum is named the 
tabular or squammis portion : the thick, sommvhat quadrilateral piece in front 
of tJio foram(*n is called the basilar process, whilst that on either side of the 
foramen constitutes the lateral or conflylic portion. 


Fjc. 285. — Occipital bone. Outer surface. 



The tabular portion (squama oceipifalis), situated above and behind the 
foramcii magnum, is curved from above downwards and from side to side. 

The external surface is convex and presents midway between the summit of 
the bone and the foramen magnum a prominence, the inion or external occipital 
protuheraiice (protuberantia occipitalis externa). Extending outwards from 
this on either side are two curved lines, one a little above the other. The 
u])per, often faintly marked, is named the highest curved line (Jinea nuchae 
suprema) and to it tlui epicranial aponeurosis is attached. The lower is termed 
the superior curved line (linea nucdia; superior). That part of the squama 
which lies above tlie linear supremte is named the planum occipitale,. and is 
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covered by the Occipito-frontalis muscli^; that below, termed the pkitiutn 
tivchctlf y is rough and irregular for the att^hment of several musc^los. From 
the external occipital protuberan<;e a ridge i* crest (linea nuclia^ mediana), often 
faintly marked, descends to the foramen magnum, and anoids attachment to 
the ligamontum nuchie ; running outwards from the middle of this crest across 
eacli half of the nuchal plane is the inferityr curved line (linea nuchae inferior)' 
Several muscles are attached to the outer surface of the squama occipitalis, 
thus : the su])erior curved line gives origin to the Occipito-frontalis and 
Trapezius, and insertion to the 8temo-ma«toid and Splenius ; into the surface 
between tlie superior and inferior curved lines the Complexus and the Superior 
oblique are insertqd, whilst the inferior curved line and the area below it 
receive the insertions of the Recti capitis posiiei major and minor. The 


Fia. 286. — Occipital bone. Inner surface. 
Superior angle 



Inferior angle 


posterior occipiio- atlantal ligament is attached around the postero-lateral part 
of the foramen magnum, just outside the margin of the foramen. 

The internal surface is deeply concave and divided into four fossie by a 
crucial ri3ge, the cminentia cruciata. The upper two fossae are triangular and 
lodge the occipital lobes of the cerebrum ; the lower t wo are quadrilateral and 
accommodate the hemispheres of the cerebellum. At the point of intersection 
of the four divisions of the crucial ridge is the internal occipital protuherance 
(protuberantia occipitalis interna). From this eminence the upper division of 
the ridge runs to the superior angle of the bone, and on one side of it (generally 
the right) is a deep groove, the sulcus sagittaliSy which lodges the hinder part of 
the superior longitudinal sinus ; to the margins of this sulcus the falx cerebri is 
attached: The lower division of the crucial ridge is prominent, and is named 
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the crista occipitalis interna ; it bi^rcates near the foramen magnum and 
gives atia( 3 liment to the falx cerebeili ; in the attached margin of this falx is 
the occipital sinus, .which is sometimes duplicated. Transverse grooves, one 
on either side, extend outwarda from the internal occipital protuberance to 
the lateral angles of the bone ; these grooves accommodate the lateral sinuses, 
and their prominent margins give attachment to the tentorium cer(‘belli. The 
groove on the right side is usually larger than that on the left, and is 
continuous with that for the superior longitudinal sinus. Exceptions to this 
condition are, however, not infrequent ; the left, may be larger than the right 
or the two may be almost equal in size. The angle of union of the superior 
longitudinal and lateral sinuses is named the ti^jxular If erqjphili* and its 
position is indicated by a depression situated on one or other side of the 
pi'otuberaiK^e. 

The lateral or condylic portions (j)arte8 laterales) are situated at the sides 
of the foramen magnum ; on tJieir under siirfa(;es are the condyles for arti(*ula- 
tion with the su})erior facets of the atlas. The condyles are oval or rc'iiiform 
in shape, and tljeir anterior extremities, directed forwards and inwards, are 
closer together than their posterior, and encroach on the basilar portion of 
tiie bone. Their surfaces are convex from before backwards and fiom side 
to side, and look downwards and outwards. To their margins are attached 
the ca])sular ligaments of the occipito-atlantal articulations, and on the inner 
side of eacli is a rough impression or tubercle for the lateral odontoid ligament. 
At the base of each condyle the bone is tunnelled by a short canal, the 
anterior condyloid foramen ((ianalis hypoglossi). This comnumceson the ci-anial 
surface of the bone immediately abov(‘ tlie foramen magnum, and is directed 
outwards and forw'ards above the condyle. It may be paitially or completely 
divided into two by a spicule of bone ; it gives exit to the hypoglossal or 
twelfth cranial nerve, and entrance to a meningeal branch of the asecjiding 
pharyng('al artery. Behind each condyle is a fossa (fossa condyloidea) wliieli 
receives the j)osterior margin of the superior facet of the atlas when thc' h(‘.ad 
is bent backwards; the floor of this fossa is sometimes perforated by a foramen, 
the posterior condyloid foraTnen^ through which an emissary vein passes from 
the lateral sinus. Extending outwards from the posterior half of thc condyle 
is a quadrilateral plate of bone, the processus jvgularis. This ]>roe(‘ss is 
excavated in front by a deep notch (imnsura jugularis), which, in the 
articulated skull, forms the post(M*ior part of the jugular foramen; this notch 
may be divided into two by a bony spicuile, the processus in Ira jugular is, which 
projects tmtwards above the anterior condyloid foramen. Tin* under surface 
of the processus jugularis is rough, and gives attachment to the Re(‘.tns capitis 
lateralis muscles and tlui lateral occipito-atlantal ligament ; from this surfacjc 
an eminence, the pararnastoid jyrocess, sometimes projects downwards, and may 
be of sufficient length to reach, and arti(jiilate with, the transverse process of 
the atlas. Externally the proc<‘Ssus jugularis presents a rough quadrilateral 
or triangular area which is joined to the jugular surface of the tempoj-al bone 
by a plate of cartilage ; after the age of twenty-five this plate tends to 
become ossified. 

The tipper surface of the lateral part presents an oval eminence, the 
tvherculum jugulare, whitdi overlies the canalis hypoglossi and is sometimes 
crossed by' an o})liqu('. groove* for the ninth, tenth, and eleventh cranial nerves. 
On the upper surface of the pro(;essus jugularis is a deep groove w'hich curves 
inwards and forwards and is continuous with the notch on th^^ anterior surface. 
This groove lodges thc terminal part of thc lateral sinus, and opening into it, 
close to its inruu- margin, is the orifice of the posterior condyloid fortamen. 

The basilar process (pars basilaris) extends forwards and upwards from 
the foramen magnum, and jiresents in front an area more or less quadrilateral 
in outline. In thc young skull this area is rough and uneven, and is joined to 
the body of the sphenoid by a plate of cartilage. By the twenty-fifth .year 
this cartilaginous plate is ossined, and the occipital and sphenoid must be 
severed by a saw. 

On its loimr surface, about half an inch in front of the foramen magnum. 


* The columns of blood coming in different directions were su imposed to be pressed together 
id tliis iw)iiit {tvrcwlar, a wine-press). 
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is tlie pharyngeal tubercle (tuberculum pharyngeum) which gives attachment 
to the hbrous raphe of the pharynx. On , either side of the middle line the 
Recti capitis antici major and minor are inserted, and immediately m front 
of the foramen magnum the anterior occipito-atlantal ligament is attached. 

The upper surface presents a broad, shallow^ groove which inclines upwards 
and forwards from the foramen magnum ; it supports the medulla oblongata, 
and near the margin of the foramen magnum gives attachment to the 
membrana tectoria or occipito-axial ligament. On the lateral margins of this 
surface are faint grooves for the inff'rior petrosal sinuses. 

Thf; foramen magnum is a large oval aperture with its long diameter 
antero-posterior ; it is wider behind than in front \vhere it is encroached 
upon by the condyles. It transmits the UK'diilla oblongata and its mem- 
branes, the spinal accessory nerves, thp v^rtebra/l firteries, the anterior and 
posterior spinal arteries, and the/oeeipito-^xial ligahicnts. 

The superior angle of the occipital bone artioulat(‘S with the postero- superior 
angles of the two parietal bones and, in the foetal skull, corresponds in position 
with the posterior fontanelle. The inferior angle is represented by the sawn 
surface of the basilar process, already referred to. The lateral angles are 
situated at the out(T extremities of the transverse groove's : each is received 
into the interval between the 
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postero-inferior angle of the pjo. ^^87.— Ossification of occijntal bone, 
parietal and tlu' mastoid Usually by seven centres, 

portion of llie temporal 

The superior borders (‘xit'nd if,,, interparietal 

from the superior to the lateral part of sqaama 

a ngh ‘S : they are deeply serrat ed ^ 
for articulation with the i)Os- ' 

ferior bordtu’s of the parietal, for earl ilayi- 
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part of the same bonc'. These two portions of the infc'iior border are 
separated from oik' anotlicT by the jugular process, the notch on tlu^ anterior 
surface of which forms tlu^ ])ost<'rior part of tlu jugular foramen. 

Structure. — The occipital, lik(i tlie. other cranial bones, consists of tw^o compact 
lamella?, called the outer and imier tables, between wdiieli is the cancellous tissue 
or dipioe; the bone is especially thick at the ridges, protuberances, condyles, 
uTid anterior part of the basilar process ; in the inferior fossa? it is thin, semi- 
transparent, and di'siitute of diploo. 

Ossification (fig. 287). — The upper portion of the squama occipitalis, viz. that 
above the linea suj)T(?ma, is developed in membrane, and may remain separate 
throughout life wdien it constitutes the inUirparielal bonc ; the rest of the bone 
is developed in cartilage. The number of nuclei for the interparietal part of the 
squama is four, two appearing near the middle line about the second month, and 
two some litth? distance from the middh? line about the third month of foetal life. 


The cartilaginous portion of the squama is ossified from two centres, which appear 
about the seventh week of foetal life and soon unite to form a single piece. 
Union of the upper and lower portions of tin? squama takes place about the third 
or fourth month after birth. Each of the <#oii,d)'lic parts begins to ossify from 
a single centre about the end of the eighth week of foetal life. The basilar portion 
is ossified from two centres, one in front of the other ; these appear about the/sixth 
week of foetal life and rapidly coalesce, so that this part is frequently described 
ns ossifying from one centre. About the fourth year the tabular and the two 
condylic portions unite, and about the sixth year the bone consists of a single 
piece. Between the eighteenth and twenty-fifth years the occipital and sphenoid 
become luiited, forming a single bone. 

Articulations. — The occipital articulates with six bones : the two parietals, 
the two temporals, the si)henoid, and the atlas. 
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The Paktbtal Bones 

T]ic parietal bpnes (ossa })arietale8) form, by their union, the sides and 
roof of the skull. Each is irrepilarly quadrilaieral in form, ajid presents for 
examination two surfaces, four borders, and four angles. 

The- external surface (tig. 288) is convex, smooth, and marked iibout its 
centre by an oininenee, the 'parietal eminence, (tuber parietalc^, wliic'h indicates 
the point where ossification commenced. Crossing the middle of the bone in 
an arclied direction are two curved lines, the superior and inferior temporal 
lines (linea? temporales) ; the former gives attachment to the temporal fascia, 
while the latter indicates ilic upper limit of the muscular origin of the Temporal 
muscle. Above these lines the bone is covered by the aponeurosis of tlie 
Occipi i i fcufPOtt t al i s ; below them it forms part of the temporal fossa, and 


I'la. 288. — Left parietal bone. External siiiface. 



affords attacdiment to tJie Temporal muscle. At the back part of the sux)erior 
bord(T, close to the sagittal suture, is tlie J>ar i^qljqramen (foranu'n parietale), 
which transmits a vein to tlui superior loa^tudwMX sinus, and sometim es a 
small branch of the oc(npit.al artery. It is not constantly present, and its 
size varies considerably. 

The internal surface, (fig. 289) is concave ; it presents depressions eorn^- 
spondiiig to the cerebral convolutions, and numerous furrows for the ramifi- 
cations of the middh* meningeal artery ; the latter run upn'ards and back- 
wards from the antero-inferior angle, and from tlie central and posterior 
part of tin* lower border. Along the upptT margin is a shallow groove, whicJi, 
together vith that on the opposite parietal, forms a channel (sulcus sagittal is) 
for the superior longitg^Ijn^J sinus ; tlie edges of the sulcus afford attach- 
ment to the falx cej-ebrr Near the groove are seen several depressions, best 
marked in the skulls of old persons, for the Paccliioman bodies . The internal 
opening of the parietal foramen is also seen when that aperture exists. 
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The apqienat border .(loa^go sagittalis), the longest and thickest, is dentatcd 
and articulates with its fellow of the opposite side, forming the sagittal 
SlUtoc. TJie inferior border (margo sguarnosus) is divided into three pafffiTUJ 
these, tJje anterior is^thiti and pointed, bevelled at the expense of the outer 
surface, and overlapped by the tip of the great ving of the sphenoid; the 
middle portion is arched, bevclh'd at the expense of the outer surface, and 
overlapped by the squamous portion of the temporal ; the j)osterior part is 
thick and serrated for articulation with tJic mastoid portion of the temporal. 
I’he cmterm* border (niargo frontalis) is deeply scrTated, and bevelled at tlie 
expense oT The outer surface above and of the inner below; it articulates witJi 
tJie frontal bone, forming one half of the The 'po sterior border 

(ma^o occipitalis), deeply denticulated, articulates with the occipital, forming 
oniThall of the lamhdoid suture, 

'^riie antero'fiupendr angle (angulus frontalis), thin and pointed, corresponds 
uitli the iini(ui of the sagittal and (‘oronaJ sutures; this point is named the 


Fifj. 289. — Left riel al hone. Internal surface. 



bregma : in the foetal skull this region is membranous, and is called the anterior 
fonianellc,^ The antcro-inferior an^le (aiiguhis splienoidalis), thin and pointed, 
is r(‘ceived into the interval betwesen the frontal and the great wing of the 
sphenoid. Its inner surface is marked by a deep groove, sometimes a canal, 
for the anterior branch of the middle meningeal cartery. Tlie postero-superior 
a.ngle. (angulus occipitalis) corresponds with tlie point of junction of the sagittal 
and lambdoid sutures — a point which is termed the lambda ; . in the foetus 
this part of the skull is membranous, and is called the posterior fyntanelle. 
The poster o~inferioT angle (angulus mastoideus) articulates with the occipital 
and witli the mastoid portion of the temporal, and presents on its innei* 
surface a broad, shallow groove ^\'hich lodges part_Qf the late ral sinus. The 
point of union of this angle with the occipital and the njastoidTpaH of the 
temporal is named the asterion. 

Ossification. — The parietal bone is ossified in membrane from a -^gle. 
c^Jlitre, which appears at the parietal eminence about the seventh or ei^lTl 
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week of foetal life. Ossification gradually extends in a radial manner from 
the centre towards the margins of the bone ; the angles are consequently the • 
parts last formed, and it is here that the fontanelles exist. Occasionally the 
parietal bone is divided into two parts, upper and lower, by an antero-poslcrior. 
suture 

Articulations. — The parietal articulates with five bones : the opposite parietal, 
the occipital, frontal, temporal, and sphenoid. 


The Fkontal Bone 

The frontal bone (os frontale) resembles a cookle-sliell in form, and 
c-orisists of two portions — a frontal or vertical portion corresponding witli the 
pgion of the forehead ; and an orbital or horizontal j)ortion, which enters 
into the formation of the roofs of the orbits and nasal fossas. 

Frontal or vertical portion (squama frontalis). — The external surface 
(tig. 2W) of this portion is convex and usually exhibits, in tlie 1o\n er part of 
the middle line, the remains of iXm frontal or metopic suture ; in infancy this 
suture divides the bone into rigJit and l(*ft halves, a (‘ondition uliich may 


Kig. 290. — Frontal bone. Outer surface. 



p(Tsist throughout life. On either side of this suture, a little more than an inch 
al>ove the 8uj)ra“0rbital margin, is a rounded elevation, the frontal eminvMce 
(tuber frontale). These eminences vary in size in different individuals, are 
occasionally unsyinmelrieal, and are especially prominent in young skulls ; 
the surface of th(‘ bone above them is smooth, and covered by the aponemrosis 
of the Occipito-frontalis. Below the frontal eminences, and separated from 
them by a shallow^ groove, are two arched elevations, the superciliary ridges 
(arcus superciliares) ; these are prominent internally, and are joined across the 
middle lino by a smooth elevation named the glaheligu^^ These ridges are larger 
in the male than in the female, and their Je^ee of prominence depends to 
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some -extent on the size of the frontal air sinuses, * but it must be noted that 
prominent ridges are opoasionally associated with small air sinuses and vwc 
versa. Beneath each superciliary ridge is a curved and prominent margm, the 
supra-cyi'hital margin (margo supraorbitalis), which forms the upper boundaiy 
'of the bas('. of the orbit, and separates the frontal from the orbital portion of 
the bone. The outer part of this margin is sharp and prominent, affording 
to the eye, in that situation, considerable protection from injury ; the inner 
part is rounded. At the junction of its inner and middle thirds is a notch, 
sometimes converted into a foramen, the supra-o rhital not ch, .01 fo ramen 
(incisura sive foj-amen supraorbitalis), which transmits the supra-orbital v^sSls 
and nerve. A small a]ierturc in the upper i)art of the notch transmits a vein 
from the diploe to join the supra-orbital vein. The supra-orbital margin 
t(Tininates externally in the external angular process, and internally in the 
internal angular process. The externa) angular process ( processus zygomat icus) 
is strong, prominent, and articulates with the malar boiler Kimning upwards 
and backi\ ards from this process is a well-marked ridge, the temporal ridge 
(linca temporalis) ; this ridge divides into the upper and lower temporal lines, 
which are continuous, in the articulated skull, with the corresponding lines on 
the parietal bone. The area b(‘low and behind the temporal ridge forms the 
anterior part of the temporal, fossa, and givtis origin to the Temporal muscle. 
The internal angular processes descend to *i lower level than the external, and 
articulate with the lactifj^al bones ; between them is a rough, uneven interval, 
the mjsal notch, which articulates on either side of the middle line with the nasal 
})oiie, and laterally w ith the frontal process of the maxilla. The term nasion 
is a])plied to tiu? middle of thc^ fronto-nasal suture*. From the centre of the 
notch a process, the 7iasal process, projects dowunvards and forwards beneath 
the nasal bones and frontal processc‘s of the maxilla*, and suj)ports the bridge 
pf the nose. TIk^ nasal process terminates below in a sharp spine, the nasal 
spine, and on either side of this is a small grooved surface which enters into 
tiu* formation of the roof of the nasal fossa. The nasal spine forms ;part 
of th(‘.s(‘ptum of the nose, articuhating in front with the crest of the nasal 
boiK's and b(‘lhnd with the jxu’pendicular jdate of the (dhmoid. 

The intermd surface (tig. 291) of the frontal i)ortion is concave* and pr(*s(*nts 
in the upper })art of tlie middle lino a vertical groove, the sulcus sagitlalis, 
the edges of which unit(* below- to form a ridge, the. frontal crest (cjista frontalis) ; 
tlu* sulcus lodges the siij)erior longitudinal sinus, while its margins and the 
crest affoi’d attachment to the falx cerebri. Th(* ertvst- ends below^ in a small 
notch which is converted into a foramen, foramen emeum, by articulation 
with the ethmoid. This foram(*n varies in size in diffen'ut subjeiJts, and 
is freqiKuitly impervious ; when open, it tiansmits a vein from the nose 
to the superior longitudinal sinus. On either side of the middle line the bone 
presents depressions for the convolutions of the brain, and numerous small 
furrows for the anterior branches of the middle meningeal arteries. Several 
small, irregular fossae may also be seen on either side of the sulcus sagittalis, 
for tlie reception of the Pacchionian bodies. 

Orbital or horizontal portion (pars orbitalis). — This portion consists 
of twb thin triangular plates, the orbital plates, w hich form the vaults of the 
orbits, and are separated from one anotluT by a median gap, the ethmoidal notch. 

The inferior surface (fig. 201) of each orbital plate is smooth and concave, 
and presents, under cover of the external angular process, a shallow depression, 
the lachrymal fossa (fossa glaiidulai lacrimalis), for the lachrymal gland; near 
the internal angular process is a depression, the fovea trochlearis, for the 
attachment of the cartilaginous pulley of the Superior oblique muscle of the 
eyeball. The superior surface is convex, and marked by depressions for 
the convolutions of the frontal lobes of the brain, and faint grooves for 
the meningeal brancdics of the ethmoidal arteries. 

* St>iiio confusion is occasioned to students commencing the study of anatomy by the 
name ‘ sinus ’ having been given to two different kinds of space conuected with the skull. 
It may bo as well, therefore, to state* here tliat the * .sinuses ’ in the inteiior of the cranium 
which produce the grooves on the inner surfaces of the bones are venous channels which convey 
the blood from the brain, while the ‘ sinuses ' external to the cranial cavity (the frontal, 
sphenoidal, ctlimuidal, and maxillary)’ are hollow spaces in the bones themselves which 
communicate with the nasal cavities, and contain air. 
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The ethmoidal notch (incisura ethmoidali&) separates the two orbital plates ; 
it is quadrilateral, and filled up, in the articulated skull, by the cribriform 
plate of the etlirnoid. The margins of the notch present several half-cells 
which, when unitcfti with corresponding half-cells on the upper surface of the 
ethmoid, complete the ethmoidal air-cells. Two grooves cross these edges 
transversely ; they are converted into the anterior and 'posterior ethmoidal cwmls 
by th(i (ethmoid bone, and open on the inner wall of the orbit. The anterior 
canal transmits the nasal nerve and anterior etlimoidal vessels ; the posterior, 
the posterior ethmoidal vessels. In front of the ethmoidal notch, f)n cither 
side of the nasal spine, are the openings’ of the frontal air sinuses. These, are 
two irregular cavities, whicli extend backwards, upwards and outwards, for a 
variable distance between the two tables of the skull, and are separated from one 
another by a thin bony septum, which often deviates to one or other side, 
with the result that the sinuses are rarel.y symmi'trical. Absent at birth, they 


Ffc. 291. — Frontal hone. Inner surface. 



are usually fairly;: well dev^elopcid between the ninth and twelfth years, but 
only reach their full siz(^ after puberty. They vary in size in different f)ersons, 
and are larger in m(‘n than in women. Aldren Turner (The Accessory Sinuses 
of the Nose, 1901) gives the follow ing measurements for a sinus of average 
size : Imiglit, IJ in. ; breadth, 1 in. ; depth from before backwards, 1 in. 
They are lined by mucous membrane, and each communicates with the 
corresponding nasal fossa by means of a passage called the infundihuluyn. 

Th('. bordiT of the vertical portion is thick, strongly serrated, bevelled at 
the expense of the inner table above, w^here it rests upon the parietal bones, and 
at the expense of the outer table on either side, where it receives tlie lateral 
pressure of those bones ; this border is continued below into a triangular, 
rough surface, w’hich articulates w^iili the great wing of the sphenoid. The 
posterior borders of the orbital plates arc thin, serrated, and articulate w ith the 
lesser wdngs of the sphenoid. 
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Structure.—The frontal portion and external angular processes are very thick, 
consisting of diploic tissue contained between two compact lamiiise ; in the, regions 
described above the diploic tissue is replaced by the ft'ontal a iiS^ Onuses.' The 
orbital portion is thin, translucent,* and composed entirely 'of, compact tissue; 
hence tlie facility with which instruments can jxmetratc the cranium through this 
part of the orbit ; when the. frontal sinuses are exceptionally large they may 
extend backwards for a considerable 


distance between the tw’^o tables of the 
orbital portion. 

Ossification (fig. 292). — The frontal 
hone is ossified in membrane from Livo 
primary centres, one for cacli lateral 
half, wliich appear about the seventh 
week of faital life, above the orbital 
ar(*hes. From each of jhese centres 
ossification extends upwards to form 
the corr(\sponding half of the frontal 
])ortion, and backwards to form the 
orbital plat(^ The nasal spinels os.sifiod 
Ironi a pair of sreoudary centres, one 
on either side of the iriiddie line; and 
similar centres appear in the regions 
of the internal and external angular ])rocesses. 


Fjo. 292. — Frontal bone at birth. 
Ossified from t wo pritnary centres. 



At birth the bone consists 


of two j)ieces, which afterwards become united, alun^ the nnddle line, by the 
mctopic suture which runs from the vertex of the bone to the', root oi the nose. 
This suture usually bc'comes obliterated within a few years after birth ; but it 
occasionally persists throughout life. 

Articulations. — The frontal articulates with twelve bones: the sphenoul, tlio 
ethmoid, the two parietals, tin' two nasals, the two maxilhc, the tw'o lachrymals, 
and the tw’o malars. 

'IhiE Tempoual Bonks 


'IMic temporal bones (ossa temjxmilia) arc situated at the sides and base 
of the skull. Eaeh consists of four parts, viz. the squamom or sqmjnO' 
zygomatic, the peiro-maMoid, the tympanic plate, and the styloid qyrocfusd. 

1’li(^ squamous portion (sciuaina teiTiporalis), the ariU'rior and uppc'r 
part of the bone, is scahi-like, thin and translucent. Its ovtcr surface. 
(tig. 293) is smooth and convex ; it affords attachnnuit to the Temporal muscle, 
and forms i)art of the temporal fossa; on its hinder part is a vertical groove 
for the middl(^ t emporal arter 3 ^ A curved ridge, tlu^ temporal ridge, or swjyra- 
masioid crest, runs backwards and upwards across its postc'rior part ; it serv(‘s 
for the attachment of the tcunporal fascia, and limits the origin of the Temporal 
muscle. The boundary between the squamous and mastoid portions of the 
bone, as indicated by traces of the original suture, lies about half an inch 
below this ridge. Projecting from the lower j)art of the squamous portion 
is a long, arclx'd process, the zygomatic process (processus zygomaticus) . This 
process is at fir*st directed outwwds, its two surfacx^s looking upwards and 
d()W7nvards ; it then-- appears as if twisted inw ards upon itself, and runs 
forw^ards, its surfaces now looking inwards and outw^ards. The superior border 
of the process is long, tliin, and sharp, and serves for the attachment of the 
temporal fascia ; the inferior, short, thick, and arched, has attacdied to it 
some fibres of the Masseter., The outer surface is convex and subcutaneous ; 
the inner is concSVBf^ and affords attachment to the Massetcr. The 
('Xtremity is deeply serrated and articulatc's \vitli the malar bone. The 
zygomatic process is eomiected to the squamous })ortion by tw’O roots — anterior 
and posterior. The anterior root, continuous witli the lower border, is short 
but broad and strong ; it is directed inw^ards and terminates in a rounded 
eminence, the eminmtid articularis (tubereulum articulare). This eminence 
foras the frontTibuiidary of the glenoid fossa, and in the recent state is covered 
A\ith cartilage. In front of the articular eminence is a small triangular area 
w^hieh assists in forming the zygomatic fossa ; this area is separated from the 
outer surface of the squamous portion by a ridge w'hich is continuous posteriorly 
with the anterior root of the zygoma, and anteriorly, in the articulatea ^ 
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skull, with the infra-temporal crest on the' greatei* wing of the sphenoid. The 
posterior root, a prolongation of the upper border, is strongly marked ; it. 
runs backwanis above the external auditory meatus, and is continuous with 
the supra-mastoid Icrest already referred to. At the junction of the anterior 
root with the zygomatic process is a projection, called the tubercle, for the 
attachment of the external lateral ligament of the temporo-mandibular joint ; 
and behind the anterior root is an oval depression, forming part of the glenoid 
fossa, for the reception of the eondyle of tlic mandible. The glenoid fossa 
(fossa mandibularis) is bounded, in front, b}^ the ominentia articnlaris ; behind, 
by the tympanic plate which separates it from tlie external auditory meatus ; 
it is divided into two parts by a natTon' slit, the Glaserian jisstire (fissura. petro- 
tympanica). The anterior part, formed by the squamous portion of the bone, 
is smooth, covered m the recent state with cartilage, and articulates with the 
condyle of the mandible. Jlehiiid this part of the fossa is a small conical" 
eminence, the post-glenoid process', this is the representative of a prominent 


Ftg. 293. — Left temporal bone. Outer surface. 
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tubercle which, in some mammals, descends behind the condyle of the mandible, 
and prevents its backward displacement. The posterior part of tlie glenoid 
fossa, formed by the tympanic plate, is non-articular, and lodges a portion of 
the parotid gland. The Glaserian fissure leads into the middle ear or tympanic 
cavit}’^ ; it lodges the processus gracilis of the malleus, and transmits the 
tympanic branch of the internal maxillary artery. The chorda t 3 ^mpani 
lierve passes through a c;anal (cmial of lluguier), separated from the anterior 
edge of the Glaserian fissure by a thin scale of bone and situated on the outer 
side of the Eustachian tube, in the retiring angle between the squamous 
and petrous portions of the temporal. This thin s^ale of bone is derived 
from the tegnum tympani, and forms the greater part of the outer wall of 
the bon^’' }>ortion of the Eustachian tube. Between the posterior wall 
of the external auditory meatus and the posterior root of the zygoma is the 
area called the supramcatal triangle of Macewen, through which an instrument 
may be pushed into the mastoid antrum. 



TEMPORAL BONES 


225 


The internal surface of the squamous portion (fig. 294) is concave ; it 
presents depressions corresponding to the convolutions of the temporal lobe 
of the brain, and grooves for the branches of the middle ;neningeal artery. 

The superior border is thin, and bevelled at the expense of the internal 
table, so Jis to overlap the lower .border of th(‘ parietal bone, forming with 
it the squamous suture. The antero4nferior border is thick, s^irratech and 
bevelled at the expense of the inner table above and of the outer below, for 
articulation wdth the greater Aving of the splienoid. Posteriorly, the superior 
border forms an angle (incisura parietalis) Avith the mastoid portion of the bone. 

The petro-mastoid portion (jonsists of (a) Hk^ mastoid process, a prominent, 
nipple-like mass behind the external auditory meatus ; and (/;) the petrous 
portion, which is pyramidal in shape', and jn-ojects inwards and forwards to 
form part of the floor of the skull. 


Fio. 294. — Left temporal bone. Inner surface. 



The mastoid portion (pa.rs mastoidea) forms the posterior part of tlie bone. 
Its outer surface (fig. 293) is rough, and gives attachment to tlio Qccijnto- 
frontalis and Retrahens aurieulam. It is perforated by numerous forafhiha ; 
one of these, of large size, (situated near the posterior border,) is termed the 
foramen rmstoideum ^ it transmits a vein to the latc^ral sinus and a small branch 
of the occipital artery to the dura mater. The i)osition and size of this foramen 
arc very variable ; it is not alw^ays present ; sometimes it is situated in tl?(i 
occipital bone, or in the suture between the temporal and the occipital. The 
mastoid portion is continued below^ into a conical projectioii,..the mastoid process 
(processus niastoideus), the size and form orwhicli Vary somewhat ; it is larger 
in the male than in the female. (Jliis process serves for the attachment of 
the Sterno-inastoid, Splenius capitis, and Trachelo-mastoid. On the inner side 
of the process is a deep groove, the digastric fossa (incisura mastoidea), for 
the attachment of the Digastric ; internal to this is a shallow furrow, the occipital 
groove, AA’’hich lodges the occipital artery.) 
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(The inner surface of the jmastoid pprtion presoiits a deep, curved groove, 
the sulcus sigmoideu s^ wJijMilodges pari of tlie lateral sinus p in it may be seen 
the opening of tlie mastoid foramen. The gi’oove for tlie lateral sinus is separated 
from the innermost 5f llie mastoid air-cells by only a thin lamina of bone, and 
even lliis may bf5 partly defieituit. (^A sedition of the mastoid process (fig. 295) 
shows it to be hollow (»d out into a num})er of spaces, the mastoi d cells . (cell u 1 iXi 
mastoideae),^ which (^xliibit the greatest possible variety as to their size and 
number. At the ujiper and front part ot the bone they are large and in*egular 
and contain air, but towards the low<‘r part of the boiK^ they diminish in size, 
whih^ those at the apex of tlui process are fniquently quite small and contain 
marrow. Occasionally they are entin^ly absent, and the mastoid is (hen solid 
throughout. In addition to these a large irregular cavity is situated at the 
upper and front part of tlu^ bom*. It is called t iuj mastoid antrum (ant rum 
tvru])anicum), and must be distinguished from the mastoid cel ls,~ though it 
communicatc's with them. Like the mastoid cells it is filled w ith air and lined 
by n j)ro]ongat ion of tli(‘ mucous membrane^ of the tympanic cavity, with which 


Ft(j. 205. — C/V)ronal section of right temporal b( 
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it contnuinicah's. Tlic npistoid antrum is b ounded-above by a thin plate of 
bone, th(‘ if qjiK u. iffui/iiniu w liich sepaiatos it from flic middle fossa of tlu^ base 
ol the skull ; beh)\^ by the mastoid ])rocess : externjillv by the squamous portion 
of the bone just b(‘low' the supra-mastoid crest, and internally by the (external 
semicircular canal of the inttunal car which ])rojects into its cavity. Itj: 2 |)ens 
in front into that })ortion of the tympanic^ cavity which is known as the aliic 
or (‘intffmjtmnr. nriJist 

Th(‘ mastoid antrum is a cavity of some considerable siz<^ at the time of 
birth, and is deiivcnL togctlier with the tympanie cavity and the Eustachiaii 
tube, fi-om lh(‘ inner y)art of the first visceral chift. Tlic mastoid air-cells 
may bt‘ regarded as diverticula from the antrum, and begin to appear at or 
before birth ; by the fifth year they iire w'ell marked, but their development 
is not completed until towards puberty. 

m 

Applied Anatomy,— consequence of the direct continuity which exists between the 
tympanic cavity and mastoid antrum, inflammation of the lining membrane of the 
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former cavity is always associated with a ^lilar condition in the latter, and may easily 
spread thence into the niastoi3«ur -colls, loSing to carj^l^diAd necrosis of their walls and 
the risk of transference of the indammation to the lateral sitfus or brain. The mastoid 
antrum in fact forms a reservoir for pus which, if unable to djain away, may set up 
serious and often f.atal intracranial complications. 


Tlu; ,mperior border of the mastoid portion i.s broad and serrated, for 
ariieiilation with the postero-inferior angle of the parietal. The posterior 
border, also serrated, articulates with the inferior border of the occipital 
between tlie lateral angle and jugular process. Anteriorly the mastoid portion 
is fused wit h the de.seending prot^ess of the sijuainous portion above, and below 
it enters into the fojTiiation of the external auditory meatus and the cavity 
of the tympanum. 

Th(i petrous portion (pars petrosa or jiyramis), so named from its extromi‘ 
density and hardness, is pyramidal and vviMlged in at ,tha JbiiS4i-.of-4,h«.-»kull 
between the sphenoid and occipital bones. Uiri'cted inwards, forwards, and 
a little uf)wards, it ju’estmts for exannhiation'^^a^Casc^ an ap^^^ thrtii? surfaces, 
and tlnx M^ bopl(us, jjjad. contains, in its interior, the essenti^ jwM'tsof the organ 

<>nij^auuK- 

Th(‘. basi is fused with the internal surfae(‘s of the squamous and mastoid 
portions, v 

dovx (apex })yi ainidis), rougli ami uru.vvn, is reeiuveid into the angular ' ' 
interval netwiMui the posterior borcTer of the greaU'r wing of the sjjhenoid ’* 
and tJie Ijasilar process of the occipital ; it })roseiits the ant.(M*ior m* iiitejnal “".1. 
oriiiee of tlie fjirptid-C and forms the postero-i^xternal lioiindary of the 
fo ivi 1 n (hi laeer um in edium . 

Tlie ^*^4) Borins the j)ost(‘i’ior jiart of tlu^ middle fossa 

of the biise oribci slcull. This surface is continuous with the inn(‘i‘ surface t ' 
of the squamous portion, to which it is unitcHl by thi^ petro-sqmmnnjis mlurv, 
remains of which are distinct even at a late pcTiod of life. It is mai'ked l)v 
dn nt'ssions for I lie convolutions of tlu* brain, and pr(*seuts six fioints f(ir 
(examination : (I) an (nninciice (cmincutia arvuata) near tlie ec'iitre, vvJiich 
infli('alcs th(‘ situation of th(‘ superior s(miicireular canal ; (2) in front of and a 
Jit<l(* to th(‘ outc'r side of tliis (unimmee a depivssion, indicating tluj jiosition 
of tlu^ tymjianic cavity : hcr(‘ the layc'r of bom^ which seimratos th(‘ tympanic 
from tlio cranial cavity is extremely thin, and is known as the iejjynvn t m npapi ; 

(.'!) a sliallovv groove, somctiim's doulilc, beading outwards ami b a (Tk wards to 
an oblique ()])(‘ning, the liiatnH Fidlopii (hiatus c^analis fa(;ialis), for the passage 
of the large s u pc 'r fie ial petrosal nerve .and tlu; judrosai branch of tlu' middle 
meningeal artcay ; (4) a smallcH- opening, occasionally seen, external to tlie last, 
for the passage of the small superficial petrosal nerve ; ({>) near the apex 
of the bom*, the* termination of the (jarotid canal, the w.all of wdiich in this 
situation is d(*ficient in front ; above this cfinal a shalloiv d(q)r(*ssion 
(inipri\ssio^frig(n^^^^ for the reception of the Gasserian ganglion. 

forms tlu; fi'oiit fiart of the posterior fossa of the bjise 
of t he skull, and is corifiniioiis with the inner surface* of the m.astoid portion. It 
presents thr(;e points for examination. (1) Near the* ceiiiro is a largo orifice, 
the meatus acusiicus interuus, the size of which varies eonsid(*ra})]y ; its margins 
are snib()thluid rounded, and it lt;.ads into a short (;anal, about, one-third of an 
iiicli in Icmgtli, which runs directly outwards. It transmits the seventh and 
eighth (jrauial nerves and tjic wd%j[:y. basilar artery. This 

canal is closed externally by a verti(;al })late, tlie lamina cribrosa^ which is 
divi(l(*^d by a horizontal crest, the crista fahiformis, into twa) unequal portions 
(fig. 290). Eacli portion is furtlua- subdivided by a vertical ridge into an 
anterior and a jiosierior part. ' The p ortion beneath the crista falciforniis 
l^esimls tl,^rc^ pf ; ()Qfi jSEWap, "Just below lEIie postm of f ile 

crest , situated in tlu^ area cribrosa media, consists of a number of tgnajl piienings , 
for iluMierves to the, saccule ; below' and posterior to this is the foramen s ingular e , ‘ 
or op(*riing for the nerve to the posterior semicircular canal ; in fremt brand 
below' tlie first is the consisting of a number of 

small s[)irally arranged openings, which CiiicivcAid cocldece 

and transmit the nerves to the .cmchlei3r/ff],T}i(j portion above the crista presents 
behind the area cribrosa superior, pierced by a senes pJtjmaU openings, for the 

q2 
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passage of tilaments to tiie ulricl^uid the superior iincl external sen iieing ilar 
) «T>fl ih frtmi the ntra with one largo opeiiing/iTurc<)innieii(‘e 

luent of the aq'uceductius Fallopii fudalisV for the i)assage of the faeial 

Uorve. (2) Behind t‘Jie meatus aeustieus is a small slit almost hidden by a tliin 
plate of bone, lotiding to a canal, the aqng::dMfiiMu m,i4,ibidi, vvhic^h transmits the, 
ductiis endolymphaticm togeth er w it h ,a small aiiery and vein. (3) In the 
interval between these t^\'o openings, but above them, is an irregular dt?pression 
which lodges a process of the dura mator and transmits a small vein. In the 
infant this depression is represented by a la^ge fossa, the fossa subarcuata, 
which extends backwards as a blind tunnel under the superior semicircular 
cwal. 


duferior, surfaCfC (fig. 297) is i*ough and irregular, and forms part of the 
exterior of the base of the skull. It pi*esents eleven points for examination : 
(1^ near the apex a rough surfa<?e, (| uadri later^ in fbritnr^^ncli serves partly 
foiL-the- attacilmcnt. of. Jhe . the eartilaginons- portinn of 

thc.,Kustachiau tube, and partly for connection with the basilar proctvss of the 
occipital bone througli the intervention of the denser fibrous tissue ; Indiind 
this the large circuhir i^ierturc ol ihiy r ur j pf id caiiaJ ((ianalis caroticus), u liich 
ascends at first vcrticf^llJ^ and^tTien, making a bend, runs liorizontallv forwards 
and inwards ; it transmits into the cranium the jiitci’iial caro t id a rt er v,,_a_ncl 

the caiotid ph^xus joT^icrvca : to 

Fig. 29t). — Diagnuurnatic view oi the tlic inner sith^ of 'fTie opening for t ho 
fundus of the right internal auditory carotid canal and close to the po.-slc rioi* 

meatus. (I(*sillt.) flu' •infrnluv 


Fig. 29t). — Diagranirnatie view oi the tlie inner situ^ of 'fTie opening for t ho 

fundus of the right internal auditory carotid canal and close to the po.-slc rioi* 

meatus. (I(*siut.) border, in front of tlie jugular fos.'sa. 

2 ^ is a t rianguiar dtpicssmii. on tin* liooi* 

of which is a small f»])eiiijig. the n(ju(v- 
ductus cochfpcp^ wlii('li lodges a tubular 
4 prolongation (d‘ the dura mater and 
transmits a \eiri fr(»in the (‘oolilea to join 
^ the internal jugular ; (4) behind tlies<‘ 
openings a deep depression, thy juquhr 
/asm, of variable d(‘])tli and ^i/.e in 
-8 difterenl .skulls; it ]odg(*s tin* bulb of 
the internal jugular v(‘in. and. with a 
similar dejjression on the front of the 
jugular prooes.s of the occipital bone, 
forms the jugular foramen ; {“>) a small 
foramen loi the passage^ of »Jaeobson's 
nerve (the. (ympanie branch of tlie 

]. f ririfa ful<‘ifui (III". Arf'ii f<iiMali»i, A\ith (J ) Jii- (jr|r>S^O-Till'irV’lli/f»‘in * thi^ fopjt ~ ii! 
tcnijil opt'iiini; ot tin; .'ifju.i ilinTua FfilUjiui y. Ui«lL'c j-,10SSO piiaiy llgcai^ , lilln lOraflieil l,s 

snjiariitirig thf an.i f;uialih troiii tlift are.'* cril»ius;i SOCn ill lh(^ boilV I’idgCi dividillff thc 

hunei-Kir, 4. .Vroa <riljii;S!i hiirifrior, with 1 4') Oiwii- if* • i j? 

inw for ncTVf' fil.nimjtf., Anterior inferior t ribn- Carot Ifl Canal frOlll tllO JUguUir foSSa J 

formarna, vitlifri'nhMrac tus spirah^ (fO small forameiJ ill the OUlci- tmrl of 

and (.>') thf' carmli^ poutr^diM of tho rocldou. i f r ^ ^ i .1 

G. Jtidge scjturatin^,' the- Imctus apirulls for lllC jugulai’ lOS.sa, fOf tiU* CritrailCe of tho 

aurictilar bram-li of the piioumopsi ric 
8. Foraincn 8inffui.trc. ufu’v^e (Amold s Hcrvc) ; (/) behind 

IIh^ jugular fossa, a quadrilateral 
area, the surface, which is covered with cartilage in the ree(*nt .stab', 

and articulates witli th(' jugular process of the o( 3 oipita] bone; (8) tlu? 
vaginal a slieath-likc^ plate of bone, which extends backwards 

from the carotid canal and divides behind into two lamina' ; tli(‘ outer 


lamina is continuous witli the tympanic plate, the inner with the outer margin 
of the iugul tr surface ; between these lamina? is (9) the stijloid 'process, a sharp 
spine, about an iueli in length ; (10) the stylo-mastoid foramen, arFaiher large 
orifice, placed between the styloid and mastoid procfisses ; it is the termina- 
tion of the fiquLcduetus Fallopii, and transmits the facial nerve and stylo- 
mastoid artery ; (ll) the auricular Jissure. (fi?4Hiira.±ympajimmi.gf nirlca) , situated 
between the tympanic j)late and mastoid process, for the exit of tlic auricular 
branch of the pneumogastric nerv^e. 

Th^,.^^u^.rior border , the longest, is grooved for the HU])erior petrosal sinus, 
and ^ves^TaelimenFto the tentorium cerebelli ; at its inner extremity is a 
notch, in which the fifth cranial nerve lies. The jmLcxior border is intermediate 
in length between the superior and tin? anterfef. ItsTfhnenfalf is marked by 
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ii «ul( UK, wliicli foi tiiH, witli a correspondiBgi sulcus on the occipital bone, the 
cliaiiii(‘I fur the inh rior petrosal sinus. Its outer half presents an excavation 
- th(‘ jmjulnrjossa -which, with a similar notch on the; occipital, forms tlie 
jugulai““t6ranien.^ A projecting eminence occasionally stands out from the 
centre of the notch, and divides the foramen into two. The anterior 
Imdsr is divided into two parts — an outer jo ined to the squamous " porTio n 
by a suture (pct ro-sqtuimov^s ) , the remains of which are more or less distinct ; 
ail inner, frOe, which articuTates with^he spinotts process o f the sp^p^Oid. At 
the angle of junction of the petrous ana squ^ous porSons are seen two 
canals, one above the other, and separate<i by a' thin plate of bone, the 
processus cochleariformis (septum canalxs musculotubarii) ; they both lead into 
the tympanum. The upper one (semicanalis m. tensoris tympani) transmits 
the Tensor tympani, the lower one (semicanalis tubac auditivae) forms the bony 
part of the Eustachian tube. 


Fic. 207. — Left leiruKipal bone. Inferior sui'face. 



riie tym|)anic (;avity and auditory ossicles, and tlic internal car, are 
described witli tiie organ of hearing. 

The tympanic plate (pars tyinpaiiica) consists of a curved plate of bone 
lying below the squamous portion and in front of the mastoid proi^ess. Its 
postern-superior surface is concave, and forms the anterior w^all, the floor, 
and part of the posterior wall of the bony external auditory meatus. Internally, 
it prt*sent.s a narrow furrow', the sulcus tympanicus, for the attachment of the 
meinbrana tympani. Its aiiUro-inferior surface is quadrilateral and slightly 
concave ; it constitutes the posterior boundary of the glenoid cavity, and is 
in contact wdtlf^lyhc rctro-mandibular part of the parotid gland. Its outer 
border is free and rough ; it is named the external auditory process , and gives 
attachment to tiie cai tilagiiious part of the external auditory meatus. Inter- 
rially, the tympanic plate is fused with the petrous portion, and appears in 
the retreating angle between it and the squamous portion, w^here it lies below' 
and to the outer side of the orifice of the Eustachian tube. Posteriorly, it 
blends with the squamous and mastoid parts, and forms the anterior boundary 
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of the auricular fissure. Its amUro-supvrit^f border fusf's externally \\ith 
the back of the post-glenoicl process, while internally it bounds the Glaserian 
fissure. Tli(‘ lovjer border is thin and sharp at its inner part ; its outer part 
splits to enclose the root of tJie styloid process, and is tlu'refore named the 
vagina! process. 'J'he central portion (»f the tym})anic plat(‘ is thin, and in a 
eonsideral)lt> p(*reentag(' of skulls is perforated by a Jiole, {hK' fora wen of II itsehke. 

Tiie external auditory meatus (meatus acusti(‘us externiis) is directed 
inwards and slightly forwards : at the same tiirn* it forms a slight curve, so that 
the floor of the canal is convex upwards. It m(*asure.s about thrcc fj u alters of 
an inch in length, and presents an oval or ellijMical shap(' — its long axis being 
directed dowinvai'ds and slightly backwards. As has b(‘(m pointed out, its 
anterior wall, its floor, and the lowwpart of its ])osteri(>r wall arc* formed by the 
tympanic plate ; the roof and upper part of the j)ostc*rior wall are constituted 
by the squanunis portion. Its inner end is closed, in the recent state, by the 
inenibrani tympaiii ; the upjier limit of its outer orifice is formc'd by the? 
posterior root of the zygoma, immediately below whicli tliere is sometimc\s sc(*ii 
a small s])ine, the suprameata! spine, situated at the upjicr and posterior jiart 
of the orili<‘(*. 


Fic;. 2t)8. — The thn*e princi^nil i)arts of the temporal hone at hirth. 


I') (•rrsMi'i ( oridvnntonniH 
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TJie styloid process is slender, jiointed, and of varying length : it ])roj(‘et.s 
downwards and lorwards, from tin* under surfaec of tin* letn]K»ral hone*, heyond 
the tympanic; plate. Its ])roximal })art {hjinpano-hyal) is c'nsh(*athed by the 
vaginal pioeess. while its projecting ])C)rticm {siylo-hyal) gi^c's attac'hmc'nl to 
the* stylo-liyoid and stylo-mandibular ligaments, and to Dm; Stylo glossus, 
Stylo-liyoid and Stylo-pliaryngeus muscles. The slylo-liyoid ligament e xtends 
from the* apex of the j)roc(*ss to the jc‘ssf*r c-ojtiu of ihc* hyoid fame*, and may 
undergo jxwliaJ or eom])Iete ossific;ation. 

Structure. — Tlie stnicture of the scjuamoiis portion is like* that of the* oilier 
cranial bones : tin* mastoid portion is cellular, and the [a*1rons ])ortion cb'iisc* and 
haj’d. 

Ossification. — The t(‘jriporal hone is os.sific*d from efiil^t c*<*ntres, (‘xclnt"iv«* of 
tliosc for tJie i],t<‘nial car and the tympanic ossicles — viz. one for the scpiarnons 
portion including tin* zygcumi. one for tin* tympanic plate, lour for the pc'tro-inastoid 
part, and two for the styloid proc:ess. .lust Imlore the close of fmta.1 lib* (lig. 
the temporal lionc consist .s of three principal parts. J. The syunwo-zyifonnilH' 
is ossified in membrane from a single nueleu.s, whicJi appc;ars near tlie root 
of the zygoma about the second month. 2. The pelro-mnsloid is developed 
from four roiitres. which make their appearance ifi the eartilaghious c*ar-eapsulc; 
about the fifth or sixth month. One (prootic) appc*ars in the neighbourhood of 
the enimentia arcuata, spreads in front and above the internal auditory mc^atus 
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and extends to the apex of thovbd'ne ; it forms part of the eoelilea, vestibule, 
superior s(‘.micircular canal, and inner wall of the tympanic cavity. A second 
{o]iisthotic) appears at the promontory on the inner wall of the tympaniim and 
surrounds the fenestra rotunda ; it forms the floor of the tympanum and vestibule, 
surrounds the carotid canal, invests the outer and lower })art of the cochlea, and 
spieads inwards below the internal auditory meatus. A third (ptcroVic) roofs in the 
antrum and tympanic cavity ; 

while the fourth (e.piotic) — Temporal bone at birth. Outer aspect, 

appears Jiear the posterior Squamous portion 

semicircular canal and ex- 


tends to form th( mastoid 
process (Vrolik). 3. Tlu^ 
Ifpnpanic ring is an incom- 
])lete circle in the cojicavitv 
of which is a. ^roo v(', the sulrns 
iqmpatncvSy for tiic attach- 
ment of tlic circumference 
of the membrana tympani. 
This rin«jf i‘xpands to form lh(‘ 
tympanic plate, and is ossified 
in iiKmibrane from a sin<^hi 
centre which a])pears about 
the third month. A fourth 
pa it. the stgloid pronfis, is 
developed from the proxiinal 
part of the eartila.jj(* of the 
second visceral or livoid arch 



by two eentr(*s : om* fortlie base appears before birth and is termed the tjpnpano- 
hipd : theotli(‘r. eoinprisinu the rest of the process, is naim^d the ahjlo-hjfaL and does 
not afipear until after birth. The tympanic rin^ unite.-, with the squamous portion 
■shortly before birth ; the pelromastoid and s(|uamous ]>ortions join durinir the first 
year, and the tympano-iiyal jiortiou ol the. styloid pioe(‘ss about the same time 
ftii:s. and 300). The stylo-liyal does not unite with the rest of the lame until 
aflev piibertv, and in some* skulls nev(‘r at all. The chief subsequent changes in the 


hitj. 3<K). — Temporal bone at birth. 
Inner aspect. 

Sqntunt' < {k 

I'f't ftidtinias 



temjioral bone apart from increase in 
siz<* are ; (1) The tympanic rinu ex- 
tends out wards and backwards to bum 
tin*, tympanic plate. This extension 
do(‘s not, ho\vevi*r, take placa* at an 
equal rate all round the circumftMvnce 
ol the nn^, but occurs most rapidly on 
its anterior and postoiior portions, and 
these outgrowths jneet and l)h*nd. and 
thus, lor a time. then*, exists ui the floor 
of the meatus a foramen, the /b/v/uiCMo/’ 
IJnschlc : this foramtm is usually closed 
about the fifth year, })ut may persist 
tliroii^lLoiit life, (li) The «lenoid cavity 
IS at tirst extreimdy shallow, and looks 
outwards as well as downwards; it 
becomes deeper and is ultimatidy 
directed downwards. Its clianpji^ in 
direction is accounted for as follows : 


The part of the squamous temporal 
Mrutas arnstiens nilr ns which supports it Ucs at first hcloir the 
level of the zygoma. As, however, 
the bai the skull increase's in wddtii, this lower part of the squama is 
directed horizontally inwards to contribute to the middle fossa of the skull, 
and its surfaces therefore come to look upwards and downwards ; the attached 
portion of the zygomatic arch also becomes everted, and projects like a shelf 
at right angles to the squama. (3) The mastoid portion is at first quite flat, 
and the stylo-mastoid foramen and rudimentary styloid process lie immediately 
behind the. tympanic ring. With the development of the air-cells the outer part 
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of the mastoid portion ^rows downwards and forwards to form the mastoid process, 
and the styloid process and stylo- mastoid foramen now come to lie on the under 
surface. The descent of the foramen is necessarily accompanied by a correspond- 
ing lengthening of tile aqueduct of Fallopius, (i) The downward and forward 
growth of the mastoid process also pushes forward the. tympanic plate, so that the 
)>ortion of it which formed the original floor of the meatus ajid contained the 
foramen of Huschke is ultimately found in the anterior wall. (5) Tlic /ossa sm 6- 
(ircuata becomes filled up and almost obliterated. 

Articulations. — The temporal articulates with flve bones: occipital, parietal, 
sphenoid, mandible, and malar. 


The SrHENOTD Bone 

Tlie sphenoid bone (os si)henoidale) is situated at the base of the skull 
in front of the lom})orals and basilar jiart of the occi])iial. It someAvliat 
resembles a bat with its w ings extended, and is divided into a cejitral portion 
or body, tAvo greater and two lesser wings extending outwards from the sides 
of the body, and two pteiygoid i)rocess(\s wliieb project/ from it below. 

The body ((;orpus), more or less cubical in shape, is hollowed out in 
its interior to form two large cavities, tlie sphc7ioidal air shivse/i, whicli ai‘(‘ 
separated from each other a septum. 

The superior surfar.e of the body (fig. 301) presents in fiont a prominent 
spine, the ethmoidal spine, for artieulation with the cribriform plate of tlie 
ethmoid; behind this is a smooth surface slightly raised in the middle line, 
with a depression on cither side for the olfactory lobes of the brain. This 
suiface is bounded behind by n ridge, which forms the anterior bordtu* of a 


Fig. 301, — Siihenoid bone. Upper surface. 
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narrow', transverse groove, the optic groove (sulcus cliiasmatis), above and 
behind which lies the optic commissure ; the groove terminates on either 
side in the optic foramen (foramen oj>tieuiii) which transmits the optic nerve 
and ophthalmic arteiy. Behind the optic groove is an olive-like elevation, 
the olivary eminence (tpbi^F^tilum. sell^) ; and still more iiosteiiorly, a deci> 
depression, the pituitary fossa, or sella turcica (fossa_hypophyseos), which 
lodges the pituitary body. Tliis fossa is bounded fn front by Uvo small 
eminences, one on eitliei* side, called the middle dinoid ^proctsses (processus 
clinoidei incdii), and behind by a square-shaped plate of bone,, the dorsum 
scllcB, terminating at its superior angles in two tubercles, the posterior dinoid. 
processes (processus clinoidei posteriores), the size and form of which vary 
considerably in different individuals. The posterior dinoid processes deepen 
the pituitary fossa, and give attachment to the tentorium ccrebelli. On 



SPHENOID BONE 


either side of the dorsum sellse is a notch for the passage of _tho..sixt}> nerve, 
and below it piesents a sharp process, the petrosal, process, wliich articulates 
with the apex of the petrous portion of the temporal bone, forming the 
inner boundary of the foramen lacorum i|iedium. Behind the dorsum sella?, 
the bone presents a shallow depression, the clivus^ which slopes oblique!}^ 
backwards, and is continuous witli the basilar groove of the occipital bone ; 
it supports the upper part of the poas Varolii. 

The lateral surfaces of the body arc united with the greater wings and 
internal pterygoid plates. Above the attachment of each of the greater wings 
is a broad groove, curved something like the italic letter / ; it lodges the*, 
internal carotid artery and the cavernous sinus, and is named the carotid groove 
(sulcus caroticus). Along the posterior part of tln^ outer margin of this groove, 
in the angle between the body and gi’eater wing, is a ridge of bone, called 
ih^JinguLu, 

The poster ior surface, quadrilateral in form (tig. 303), is joined, during 
infancy and adolescence, to the basilar jiroeess of tbe occipital bone by a 
plate of cartilage. Between the eighteenth and twenty-fifth years this 

Kio. 302. — Sphenoid bone. Anterior surface.’*' 



bi*c'(»ni<'^ ossified, ossiiieution eoinmenciiig above and extending downwards, 
and the tvo bones tJien form one jfiece. 

The anterior surface of the body (fig, 302) presents, in the middle line, a 
vertical crest, the crista sphawidalis, wliich artic ulate^s Avith the perpendicular 
plate of the ethmoid, and forms part of the septum of the nose. On either 
side of the crest is an irregular opening leading into the corresponding 
sphenoidal air. sinus. These sinuses are two large, irregular cavities hollowed 
out of the interior of the body of the sphenoid bone, and separated from one 
another by a bony se])lum, which is seldom quite vertical, being commonly 
bent to one or the other side. They vary considerably in form and size," 
are seldom symmetrical, and are often ])artially subdivided by irregular 
osseous lamina'. Occasionally, they extend into the basilar process of the 
occipital nearly as far as the foramen magnum. Tfioy begin to be developed 
ill the third year, and are of a considerable size by the age of six. They are 
partially closed, in front and beloAV, by two thin, curved plates of bone, the 
sphenoidal. p. 236), fcaving in the articulated skull a 

round opening at the upper part of each sinus by which it communicates 
w ith the upper and back part of the nose and occasionally with the posterior 

* In this lij;:ure both tho iintcrior anU inferior surfaces of the body of the sphenoid bone 
are sliowi, the bone being held with the pterygoid processes almost horizontal. 

t Aldien Turner cH.) gives the following as their average measurements: vertical 
height, -J in. ; antero-pesl^rior depth, J in. ; transverse breadth, J in. 
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ethmoidal air-cells. The laleial margin of the anterior surface is serrated, 
and articulat(\s wWh tW os planum of the ethmoid, completing the posterior 
ethmoidal cells ; fJie lower margin articulates witli the orbital process of the 
palate bone, and th(‘ upper with the orbital plate of the frontal bone. 

The inferior surface presents, in the middle line, a triangular spine, the 
^pbmwidalc] ^vhich is continuous with tlie crista sphenoidalis on the 
antcTior surface, and is rt'ceived in a deep fissure between the ala^ of the 
vomer. On either side of the rostrum is a projecting lamina, the processus 
vaginal is, directed inwaixls from the base of the internal pterygoid plate, with 
whieli it will bo described. 

The greater wings, or ali-splienoids (al.e magme), are two strong pro- 
cesses of bone, Ashicli arise from the sidt's of the body, and are curved in a 
direction outwards, upwards, and backwards ; the postcTior part of each pro- 
j(H*ts outwards and backw'ards as a triangular process which tits into the angle 
betAveen the squamous and petrous ])ortions of the tempond and presents 
at its apt^x a dow nw'ardly directed process, the sphenoidal . spine (sxnna 
anralaris). 

^he superior or cerebral surface of each grcatcu* wing (fig. 301) forms part 
of the middle fossa of the skull ; it is dfu'ply concave, and j)rcscnts depressions 
for the convolutions ot the temporal lobe of tlie brain. At its anterior and 
internal part is a circular aperture, the foramen roiupdmn for the transmission 
of the second division of the fifth cranial nerve. Behind and external to this 
>^ . 


Fto. 303. — iSphonoid bone. Posterior surface. 



IS a large, ()\al ojiening, t l a* for amLiL ovale, for the transmission of the tliird 
division of the fiftli nerve, the small meningeal artery, and soinet lines tlie 
small superficial iietrosal lU’-rvc.* At tlie inner side of the foramen nvah‘. a 
small aperture, the foramen Vesalii^ may occasionally hti semi opjio.site tin* 
root of tli(j ptprvg(mr process ; it ojicns beJow’ near the scaphoid fossa, and 
transmits a .small vein from the eavtjiiious sinus. Lastly, in the poslt rior 
angle, near to and in front of the sjjiiK*, is a short (ainal, sometimes doul)l(‘, 
JSPJUMn spin^osum, win’cli transmits tlie niiddkt meningeal artery and 
yinn and a rt^current brancli from the third division of the fifth cranial 
nerves 

TIk* cjcLinial surface (lig. 302) is convex, and divided by a transverse* ridgej, 
tlie i nfralan poral crest (crista infratemjioralis), into two portions. The* .superior 
or larger (facies temjioralis). convex from above downw'ards, con<;ave fiom 
before backwards, forms a ])art of the temjioral fossa, and gives attacliment to 
the Tem])oral muscle. Tin* infiwior portion (facies infratemporalis) , .smaller 
in size ar^jl concavt*, enters into the formation of the zygomatic^ fo.ssa, and, 
togetlier with the irifratenqioral crest, affords attachment 1u7 tlie lilxt (*rual 
jiterygoid musch*. It presents the openings of the foramen ovale and foraiiuui 
spinosum, and, at its postmior part, the sphenoidal spimi, which is frequently 
grooved on its iimer aspect for the chorda tympani nerve. To tlie sphenoidal 

* Thr* bmal] superficial }>etrosal nerve somcitinies ])assi'S through a special canal 
(canal iridug innmninaius of Arnold) situated oti tlie inner side of the foramen sfiinosum. 



SPHENOID BONE 


236 . 


^ine arc connoctod tlic internal fl/ temporo-mandibidaf 

]^int Mild ^ hj i f ~ TnterHal l^o tiiu anterios^extn'iiiity of tho infra- 

temporal crest is a triangular procoss which servos to incrc^ase the attachment 
of the Exte^rnal pterygoid; extending downw^ards and fnwards from this 
process on to the front part of the external pterygoid jilato is a ridge which 
forms the anterior limit of th(^ zygomatic surface, and, in the articulated skull, 
the posterior boundary of the pterygo-ma, ciliary jismre. 

The anterior or orbital svrfacv. of the greater m ing (facies oi'bitalis) (fig. 302), 
smooth, and quadrilaieral in shayxs is directed forwards and inwards and 
forms tlic posterior pjirt of the* out('r wall of the orbit. It is bounded above by 
a serrat(^d edge, for articulation with Ihe orbital yilalt*. of th(‘ frontal ; below, 
by a rounded border, wliicli forms the post ero -ex ter rial boimdary of the spheno - 
n yaYill ary fissuro. Internally, it is limited by a sharp margin, which forms 
tlui lower boundary of the spjiciu)idal fissure and has projecting from about^** 
its centre a little tubercle of bone, \\hi(!h gives attachment to the inferior 
head of the Ext(‘,rnal rectus muscle of ih(i eyeball ; at the upyier part of this 
maigin is a iiotidi for tlie transmission of a recurrent bran(.*h of the lachrymal 
artery. ExhTnally, it ])resents a serrated margin for* artioiilation with the 
malar bone. At the inner and lower part of the anterior surface, immediately 
below lh(' inner (nid of the sjihenoidal h^sure, is a grooved surface, which 
forms the post(*]‘ioi* \\ all of the sph<-*no-m axillary fossa, and on which the foramen 
rotundum opens. 

Cicvnmferener (fig. .301). -Comineneing from behind, that portion of the 
eireiimf(u*eTie(‘ of the greater wing wlrich (‘xtiHids from the body to the spine 
is jiTegular. Its i nner half forms the ant«nior boundary of the foramen laeeriim , 
iUiidium. and pi*(*sents the posterior a |Huture of the V passage 

of the V'idian ikm vc and aileiy. Jte .outer Jialf articulates, })y moans of a 
synehoirdrosis, with tin; ])etrous portion of tJie temporal, and between the two 
bones, on th(* under surface of the skull, is a furrow, the ^Vjhu&JuUe s for the 
lodument of the eartilaj;iuQU^i part oi the EustagluiUi^ TiTTmiit of the 

spine the cireumferenct* presents a concave, seirated edge, bevelled at the 
(‘xpenso of th(‘ inner table below , and of tlie outen* table above, 
h ttes AA’jt^h the s^oaiiious portion of th(‘ temyioral b()n<\ At the tip of tlie great 
wing isli triangiilar portion, bevellcfl at the (‘Xjiense of th(‘ internal surface, 
for articulation with tlie ant(‘ro-iuferior angle oi the parietal bone; this 
region is named the vUrloih Internal to this is a triangular, s^nTat(‘d surface, 
for 4U ‘Uoul a44on. -with bone ; this surface is continuous. iutg^iUllly 

with the sharp inner edge, which forms the lower boundary of the splienoidal 
fissure*, and extcirnall^^ with the serrated margin for articulation with tlie 
malar bone. ‘'i ^ 

The lesser wing’s or orbitosj)lu*noicls (al:e j)ai*VcT) an; two thin, triangular 
platos, which arise from llie upjier and ant<‘rior yiarts tlie body, and, 
projecting transversely outwards, terminate in sJiary) ])oints (fig. 301). The 
f-iU'perior surface of each is smooth, flat, broaden* in1e‘i*nany tlian exfen’nall}^ 
and su])ports part eif the frontal lobe of the brain. T he* inj erior surface forms 
th(^ ba(?k part of the roof of the orbit, and tlie upi>er bourirlary oT flu* sphenoidal 
Jisstire (fissura orbit alis siqierior). I'll is fissure is of ca triangular form, and 
leads from the cavity eit the cranium into tliat of tlie orbit: it is bounded 
inte^rnalJy by tlie body ; above*, by the li'sse'i* w ing ; below , by the inner 
margin of the orbital surface e>f the greater wing; and is eoniyileted exter- 
nally by the frontal bemc. It transmits the thii:ci, the fourtli and the sixth ^ 
nerves, the three branches of the ophtlialniic division of rfic fifth nerve, some 
filameyitis from the eavei*nous pltixus of the sym]iathelic, orbital branch of 
tlie . middle meningeal fU'tery, a recurrent braiieJi from the lachrymal arteiy 
to the dui’a mater, and the oyiUthalmie vein. Tlie anterior border is serrated for 
articulation w'ith tlie fi*oiital bone. The posterior border^ smooth and rounded, 
is received into the 8yhdan fissure of the brain; the inner extremity of this 
border forms the anterior clinoid process (yiroeessus elinoideus aiiterius), w liieh 
iriyes attachment To tlie tontonum eeTebelli ; it is sometimes joined to the 
middle clinoid process by a spicule of bone, and when thl^'ccurs the termina- 
tion of the groove for tlie internal carotid urtf'ry is converted into a foramen 
(carotico-cUrioid), The lesser wing is connected to the bod^^ by two roots, the 
upyicr thin and flat, the lower thick and triangular; between the tw^o roots 
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is the optic foramen (foramen opticum), for the transms4on^.oL th e o p tie^K^ve 
and ophthalmio ai*tery. 

The pterygoid processes (proeessusplcrygoidei), one on either side, descend 
2 >erpendicularly frftni the points where the body and greater wings unite. Eacli 
f)roc*ess consists of an internal and an external plate, fused above and in front, 
but seiKirated below by an angular cleft, the picnjgoid notch (fissura pterygoidea) . 
the margins of which are rough for articulation \\ith the" fuberosity of the 
2 )alate bone. The two i)latos diverge behind and enclose between them a 
V-shaped fossa, the pterygoid fossa (fossa ptcrygoidea), winch contains the 
Internal pterygoid and Tensor j>alati. Above this fossa is a small, oval, 
shallow' d(‘pression, tlie fossa scaphoidea^ which gives origin to the Tensor 
palati. '^fhe anterior surface of the pterygoid process is broad and triangular 
near its root, where it forms the posterior wall of the sjiheiio-maxillary fossa 
and 2 )resents the anterior orilice of the Vidian canal. 

The external pterygoid plate (lamina lateralis processus 2 )terygoidei) is 
broad, thin, and everted ; its ovter surface forms part of the inner w^all of 
the zygomatic fossa, and gives attachment, to the Extcsrnal pterygoid ; its 
inner surface forms i)art of the pterygoid fossa, and givas attachment to tht‘ 
Internal pterygoid. 

The internal pterygoid plate (lamina medialis i)rocessu8 ptc‘Tygoidci) is much 
narrower and longer than the external; it curves outwards, at its lower 
extremity, into a hook-like process, the hamular process (hamulus pterygoid(n), 
around w Inch the tendon of the Tensor palati muscle glides. The outer surface 
of this plate forms part of the pterygoid fossa, the inner surface constitutes 
tlie outer boundary of the posterior aperture of the nares. Superiorly tin' 
inlfTiial pterygoid plate is carried inwards on the under surface of the body 
as a thin lamina, named the vaginal process ; whi(*h articulates in front w ith 
tlie S 2 )hcnoidal ])ro<a^,ss of tlie ])alatc and internally with the ala of the vomer. 
The angular prominence betw'een the |)osterior margin of tlie vaginal process 
and the i?mcr margin ot the scaphoid fossa is nann^d the pterygoid fuherch, 
immediately above which is the posterior opening of the Vidian canal (canalis 
pterygoideus). On the under aspect of tlie vaginal jiroccss is a furrow', tlie 
sulcus pteryqopalaiinm, whicli is converted into the piery go-palatine canal by 
the sphenoiaal jirbcess of the palate bone, and tninsmils tht‘ j>t('rygo-palatine 
vess('ls and tlie pharyngeal nerve. Projecting backwards from near the 
middle of the jiosterior edge of the internal pterygoid 2 )late is an angular 
process, the processus tuhari'us, w'hich supports the pharyngeal end of tlic 
Eustachian tube. The pharyngeal ajioneurosis is atl.aclicd to the entirti length 
of the ])osterior edge <if the internal plate, and lla^ Suiierior constrictor of the 
pharynx takes origin ?rom its lower third. The ante rior margin of the internal 
pt-(?rygoid plate articulates with the posterior border of the vertical plate of the 
palate. 

The sphenoidal turbinated bones (concha‘ s])henoidaleH) arc two thin, 
curved jdates, situated at tlie anterior and inferior jiart of the body of th(‘ 
sphenoid ; tiny exist as seiiarate pie(;cs until puberty, and occasionally ait* 
not joined to the sphenoid in the adult. An aperture of variable size tjxists 
in the anterior wall of each, and through this the sphenoidal sinus opens 
into the nasal fossa. Each is irregular in form, and tapers to a point behind, 
being broader and thinner in front. Its upper surface, wliich looks towards 
the cavity of the sinus, is tjoneavc ; its undtT surface is convex, and forms 
part of th(5 roof of the eorresfxmding nasal fossa. Each bone articulates in 
front witli the ethmoid, externally with the palate; its jiointed posterior 
extremity is jjlaeed above, tin? vomer, and is received betAvet^n the root of 
the [)t(‘rygoid ]>rocf‘ss on the outer side and the rostrum of the sj)h(‘noid on 
the inner. 

Ossification. - Until the seventh or eighth month of foetal lilc tin*, body of the 
sph(nioid consihts of two parts— viz. one in front of the olivary eminence, the 
pre-sphenoid. Avitli wlii<*h the lesser wings arc continuous ; the other, comprising 
the sella turcica, the post-sphenoid , w'ith which are associated the greater wings 

* A small ifortion nf .sphonoiilal turbinatcMl bone sometimes enters into Ibe formation of 
T.he inner wall of the orbit, between the os ])laimm of the ethnioifl in front, tlie orbital plate 
of tile palalo below, and the frontal above. Cleland, Jtoy. Soo. Trans. 18(12. 
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and pterygoid processes. With the exception of the internal pterygoid plates, 
the bone is ossified in cartilage. There arc fourteen centres in all (fig. 304), six 
for the pre-sphenoid and eight for the post-sphenoid division. 

Presphenoid division.— About the ninth week of fa-tal life an ossific centre 
appears for each of the lesser wfings {orbito-sphc3noids) just outside the optic 
foramen. Shortly afterwards two nuclei for the pro-si)}icnoid part of the body 
appear on the inner sides of the. optic foramina. The sphenoidal turbinated bones 
are each developed from a ccmtrc} which makes its appearance about the fifth 
month ; * at birth they consist of small 


Fio. 304.“* Plan of OHsilication of the 
sphenoid. 
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triangular laminoc, and it is not till the 
Ihird year that they become ludlowed 
out and cone-shH])ed ; about the fourth 
year they fuse with the. lateral masses 
of the ethmoid, and between the ninth 
and twelfth years they ujiite with the 
’ splienoid. 

Posl-sphcnoid division. — The first 
ossific iiuclei an? those for tin* greater 
wings (ali-splicin>ids). 'Fhev make their 
apjiea ranee betweava the foramen 
rot unci uin and foramen ovale about t.ln^ 
eighth week, and from t lieni the c*xternal 
pteiygoid platens also arc formcMl.f 
Soon after, the centr(*s for the [>ost- 
sphc'noid ])art of the body ajijx^ar, one* 
on either side of tin* sella turcica, and 

become Ijlended tog<!tln‘r about the middle of fmtal life. Each internal pterygoid 
plate* (with the c‘xcej)tion of its hamular procc*ss) is ossified in nmmbrane, and its 
c'cntrci probably appears about the ninth or tenth week ; the hamular process 
becomes chondritiecl during the third nnnith, and almost at once undergoes ossifica- 
tion (Fawcett, op, vit.). 1'he int<‘rnal joins ^he external pterygoid plate about tin* 
sixth month. About the fourth month a centre appears lor each Jingula and 
speedily joins the re.^t of the bone. 

The pro-sj)ln5ijoid is united to the post-spheinhd alanit the eighth month, and at 
birth (fig. 305) the bone consists of three pieces : a c(‘ntral, consisting of the body 
and lesser wings, and twolat(*ral, each comprising a greater wing and pterygoid pro 

(a*ss. In tli(i first year alti*/ 
Fio. .300. — -Sphenoid bone at uirin. i’osterior aspect. hirth the greater wings and 

body becoiiK^ united, and the 
orbito-splienoids extend in- 
wards above the anterior part 
of the ])ody, and, meeting 
With each oth(*r in the middle 
line, form an elevated smooth 
surfaccN termed the jwjum. 
sphvnoidfile. Hy the tvvonty- 
lifth year the. sphenoid and 
occipital are. completely fused. 
Between the pre- and post- 
sphenoid di^ons th(*rc are occasionally seen the remains of a canal, the candis 
craniopharyn^(mat through wliich, in (nirly firtal life, th .3 pituitary diverticulum (or 
pouch of Rathke) of the buccal ectoderm is transmitted (see page 155). 



The sphenoid lias attached to it certain intrinsic ligaments, which Jiavc i-eeeivcd 
special niuucs. The most important of these are : the pfen/ffo-npinouK, which stretches 
Ijotweon the sphenoidal spine and the external pterygoid plate (see cervical fascia) ; the 
ttOerdinmd, a fibrous prodhss which passes from the anterior to the posterior clinoid 
process ; and the carotir^-dinoid, which passes from the anterior to the middle clinoid 
process. I'hese ligaments occasionally ossify, and form adventitious foramina. 


* According to Cleland, the sphenoidal turbinated bones are ossified from four distinct 

v-GlltlX'S. 

. ,.t (ATtfitomutflfcr Anzeiger^ March 190.0) states that the external pterygoid plate is 

ossiTied in membrane, and ih not a downward contbiuatioii of the cartilaginous great wing. 
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Articulations— The sphoiioicl aTticulaies with twelve bones : four single, the 
vomer, ethmoid, frontal andoceipital ; and four paired, tjic parietal, temporal, malar, 
aTid palate. Tlie exa(*t extent of arliculation with eacli bone is shown in tlie 
aeeomf).'uiyinf» fii^nVes.^ 

TrrE Etjimo[|) Bone 

Tb(‘ ethmoid bone (os (‘tlunoidale) is an oxcMH'dingly light, spongy boms of 
a fuhical sbaf>e ; it is situated at the anterior pait of tlie base of tlie cranium, 
b(dwo(m the two orbits, at the roof of the nose, and contributes to each of these 
cavities. It consists of four parts : a horizontal or cribriform plat<*, wliicli 

forms part of tlie base of 
.the cranium ; a ])erpcri- 
dicular plate, nlii<*b consti- 
tutes part of tli(‘ nasal 
s(‘])tnm ; and two lateral 
masses. 

Tb(‘ cribriform plate 

(lamina cribrosa) (fig. 30H) 
is received into the ethmoid 
notch of the frontal bom* 
and roofs in the nasal fossa*. 
Proj(*cting upwards from 
the middle lim* of this plate 
is a thick, smooth, (ri- 
aiu^nlar iiroeess, tin* rrisla 
so called fj’oin ils rc- 
s(‘mblane(‘ to a cock's eoinb. 
Its l>as(‘ joins the cribiif(»rm 
jilatc. Its ]M)sterior boi'dcr. 
long, tliin^ and sliLrhtly 
(‘urved, serves for tin* atla(*h 
m(‘nt of I la‘faK(‘er(*l)ri. Its 
antei’ior liorch*!', slioi’t and tl lek, art i(*ulal(*.s with tin* frontal liom*. and 
presents two small projecting a/ar /iyor(.v-sr,s, w!ii(!h an* r«*(*(‘.iv(‘d into eorri* 
^[)on^^m^ de])r(‘sKioiis in tlie frontal bone and complete* tin* foramen (;a‘<*iim. 
its sid(‘s are smooth, and som(*times bnlL''ing from the pr(*sr‘nee of a small air- 

Ki<i. IVi |M‘n(li(5iilar |ikte <»t etlmioul (eiilaig(‘(l). Shown l»y reiiioviiiLc t !io 

n^hi latrral mass. 


I/Y/ 



Pifj. -Ethmoid hom\ 

Ollier surfac(‘ of rij^ht lateral mas., (enlarged). 


A 
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sinus in the int(*rior. On each side of the crista galli, the cribriform yilale is 
narrow* and deeply grooved ; it supports the bulb of the olfactory lobe ^ of tlie 
brain, and is perforated by foramina for the passage of the olfa(d;Ory nerves. 
The foramina in the middle of the groove are small and transmit the nerves 

* It also sometimes articulates with ihe tuberosity of the maxilla (see page 242). 
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to the roof of the nose; those at tlie inner and outer parts of the groove 
are larger — the former transmit the nerves to the upper part of the nasal 
septum^ tlip latter those to the superior turbinated proeess. At the front 
part of tlie cribriform plate, on either side of th(‘ crista galli, is a sjnall 
tissure wliich is occupied by a process of dura matei*. External fo tins 
fissure is a notch or foramen which transmits tlie nasal branch of flu* 
ophtljalmic nerve ; from it a groove extends backwards to tlie anterior ethmoidal 
foramen. 

'J’ho perpendicular plate (lamina perpendieuhiris) (figs. 307 and 308) is a 
thin, lJatt(‘Jied lamella, polygonal in form, uliich descends from the under 


surface of the cribriform 
plat(‘, and assists in forming 
tlie septum of the nose; it 
is generally deil(‘(ited a little 
to one or other side. Its 
a ni<ri or horn v r art i t; ulat es 
\s ith tli(‘ nasal spin(‘ of lh(‘ 
frontal bone and the en^st 
of the nasal boiK's. Its 
fiosft rior hordrr ai‘ticn1at(‘s 
in' its ii])p(M' half uith th(' 
crista sfihcMioidalis, by its 
lower half witli llie vomer. 
Th(‘ itt frrior bonirr isthicloM* 
than the pf)st(Mior, and 


Fio. 30S. — RthiiioicI hone from behind. 



s(M\t‘S for the attaclumuit 


of the septal cartilage, of th(‘ nose*. Th<^ surfaces of llui })lat(‘ are smooth, 
<^xcej)l above, w'h<*re miinerous groo\esand canals an^ s(‘en ; these load from 
th(‘ iniKM* foramina on the erihriform [)lal(‘ and lodge tilanauUs of the olfactory 


nerves. 

'rh(‘. lateral mass (labyrinlhus ethmoida.lis) (hi!’. 3()S) consists of a number 
of thin-walled eidlular cavities, the (tfimoidal alls, arranged in thr(‘(‘ groups, 
atd(rioi\ middle, and />o,s/mor, and interposed Ix^twetai two vertical ])lal(\s of 
hone ; the outer |)hit(‘ forms pari of the orbit, the u\\\ev, part of the eoiTes])ond- 
mg nasal fossa. In tliedisarticulated hone many of th(‘se cells are ojieiied into ; 
hirt when the bon<‘s are arlieulated, flaw are elosed in at (‘very ])n.rt, t‘xeept 
wherv th(‘y oiieri into the nasal fossa, tin* tfpprr su/fmr of tin* latcTal mass 

prcs(‘iits a. number of half-broken 
Fi< 'M)\K l^ilinioid lK)iie, Inner surface' et*lls, tJio walls of whidi aj*(‘ eom- 

ight lateral mass (eularoed). }il(‘t(‘d, in tli(5 artieulati'd skull, by 

the edges of the (dhmoidal notch 
of the fiontal bone. (^i*ossing 
this surfae(‘ ar(‘. two groovers, 
convert (ui into canals by artieu 
lation w itli the fi’oiital ; they 
ar(‘ the anbrior and poster kn' 
(dhmnidftl canals, and op(‘n (jn the 
inner wall ol the orbit. Tin* 
posterior surface presents large 
irn'gular edlular cavities, whicli 
are. elosed in by articulation witli 
the sphenoidal turbinated bone 
and orbital proeess of the palate. 
The Older surface is formed of a thin, smooth, i^blong plate, the os planum 
(lamina papyracea), wdiich covers in tlie middl(‘ and ethmoidal 

cells and forms a large jiart of the inner wall of the orbit ; it artuailates 
above with the orbital plate of the frontal, below with the maxilla and 
orbital proeess of the jjalate, in front with the lachrymal, and behind with the 
sph(‘noid. 

In front of the lamina f*'**<^‘ some broken air-cells which arc 

ON'erlappod and conqilcted by the lachrymal bone and the frontal proeess of 
the maxilla. An irregular lamina, the processus uuciuntus, projects downwards 
and baekw aj’ds from this part of tlu^ lateral mass. This jirooess, which is often 
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broken in disarticulating the bones, forms a small pant of the inner wall of the 
maxillary sinus or antrum of Highmore, and articulacies with the ethmoidal 
process of the inferior turbinated bone. 

The inner surface of the lateral mass (fig. 309) forms part of the outer 
wall of the corresponding nasal fossa. It consists of a thin lamella, 
which descends from the under surface of the cribriform plate, and 
terminates below in a free, convoluted margin, the middle turbinated 'process 
(concha nasalis media). Tlie w'holc of this surface is rough, and marked 
above by numerous grooves, run nearly vertically downwards from 

the cribriform plate ; they lodge branches of the olfactory nerves, wdiicli are 
distributed to the mucous membiane covering the superior turbinated process. 
The back part of tliis surface is subdivided by a nan-ow oblique fissure, the 
superior meatus of tlie nose, which is bounded above by a tliin, curved plate, the 
superior turbinated process (concha nasalis superior) ; the posterior ethmoidal 
cells open into this meatus. Below, and in front of the superior meatus, is 
seen the convex inner surface of the middle turbinated process. It extends 
along the whole length of the inner surface of the lateral mass, and its lower 
margin is free and tliick ; its outer surface is concave, and assists in forming 
the middle meatus of the nose. The middle ethmoidal cells open into the 
c*entral part of this meatus and from its front part a sinuous }>assage, termed 
tl\(‘ infundibulum^ extends upwards and forwards through the lateral 
mass and communicates with the frontal sinus and the anterior ethmoidal 
cells. 

Ossification. — The ethmoid is ossified in the cartilage of the nasal capsule hy 
three centres : one lor the perpendicular plate, and one for each lateral mass. 

The lateral masses are first developed, ossific grannies making their a})p()ar- 
aiicc in the region of tlj(‘ os planum between the fourth and fifth months of foetal 
life, and extending into the turlunated processes. At birth, tlie bone eonsists of 
the two lateral masses, which are small and ill developed. During the first year 
after birth, the perpendicular plate and crista galli Ix'gin to ossify frojn a single 
nnclens, and are joined to the lateral masses alioiit the beginning of the s(‘(*ond 
year. The cribriform plate is ossified pai-tly from the pcnpondieiilar plate an<l 
partly from the lateral masses. The lormation of the ethmoidal cells docs not 
eommenco until about the fourth or fifth year. 

Articulations. — ^The ethmoid articulates with fifteen bones: lour of the 
craninm — the sphenoid, two sphenoidal tuxbinateds, and the frontal; and eleven of 
the face- the two nasals, two maxilljc, two lachrymals, two palates, two 
inf Clio r tiirhinateds, and the vomer 

^VrKUT^lJMEUAUY OR WOUMTAN * liONES (oSSA SCTl RARrM) 

In addition to tlu* ronstanl centres ot ossification of the eraniinn, additional ones may 
fie found in the course of the sutures. Tliese Jonn irregular, isolated fiones. inter[)osetl 
fietween the eranial hones, and ierined Wormian bones or ossa trif/adra. They are most 
frequently found in the course of the iambdoid suture, but are occasionally seen at the 
lonfiiiielles, ospeeially the posterior. One, the pterion ossicle, soinetinies exists between 
the aritero-inferior angle of the parietal and the greater wing ol the sphenoid. They 
have a lendency to fie more or less symmetrical on the two sides ot the skull, and 
vary much in size, being in some cases not larger than a pin's head, and eonfined to 
the outer tafil<\ in other cases so large that one pair of these bones may form the wliole of 
the oecijiital bone above the superior curved lines, as described by Bcclard and Ward. 
Their number is generally limited to t^\o or three ; but more than a Inindred have been 
found in the skull of an adult hydroeeplialic subject. Jn their development, structure, 
and mode of articulation, they resemble the other cranial bones. 


CONtlENITAb KisSURES AND GaPS 

An arrest in the ossit\'iiig process may give rise to defieieiieies, ga])s, or fissures 
which are of inqiortaiice from a medico-legal jioint of view, as they are liable to be mis- 
taken for fractures, '.riic fissuies generally extend from the margins towards the centre 
of a bone, but tlie gaps may be found in^the middle as well as at the edges. In course 
of time they may become filled with thin lamime of bone. In many of these cases, 
however, the gaps must be r(*garded as due to absorption of bone already formed rather 

* Ole Worm, Professor of Anatomy at Copenhagen, 1 024-1 was erroneously supposed to 
liave given the first detailed description of these bones. » 
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than as congonital deficiinoies ; this is especially the case when they appear in the 
centre of a bone such a^tho parietal, the ossification of which has already been described 
as occuiTing in a re^iuar manner radiating from one centre. The condition is most 
commonly seen in very badly nourished childron affected with congonital syphilis, ami 
is called ciamatahe^. 


OSSA FACIEI 


The bones of the face (ossa faciei) fourteen in number, comprise the 


Tw o Nasals 
Tu o Maxillae 
Two Lachrymals 
Two Malars 


Two Palates 

Two Inferior Turbinateds 

Vomer 

Mandible 


N\s\l Bones 

The Nasal Bones (ossa nasalia) are two small oblong bones, varying in 
size and form in different individuals ; they are placed side by side at the 

Fill. 310. — Nusal bone and laclitvmal bone in •at it. 
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middle and upper part of the face, and form by then junction, ‘ tJie budge’ of 
the nose (fig, 310) Eaeli piescnts twosuifaces and four bold eis. The owfrr 
.siufatt (fig. 311) concavo-convex fiom above downw aids, convex fioin side 
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to sidt‘ ; it is covered by the Pyramidalis and Compressor nasi muscles, and 
peri orated about its centre by a foramen, for the transmission of a small vein. 
The inner surface 'fig. 312) is concave from* side to side, ani^s traversed from 

R 



242 


OSTEOLOGY 


above downwards by a groove for the passage of a branch of the nasal nerve. 
The sriperior border is narrow, and serrated for articulation with the nasal 
notch of the frontal bone. The m^rior border is thin, and serves for the attach- 
ment of the upper literal cartilage of the nose. It presents, about its middle, 
a notch which marks the termination of the groove for the nasal nerve. The 
external border is serrated, bevelled at the expense of the inner surface above, 
and of the outer below, to articulate with the frontal process of the maxilla. 
Tlie internal border ^ thicker above than below, articulates with its fellow of 
the opposite side, and is prolonged behind into a vertical crest, which forms 
part of the septum of the nose : this crest articulates, from above downwards, 
with the nasal spine of the frontal, the perpendicular plate of the ethmoid, 
and the septal cartilage of the nose. 

Ossification. — Each bone is ossified from one centre, which appears about the 
eighth week of foetal life in the membrane overlying the front part of the cartilagin- 
ous, nasal capsule. 

Articulations. — The nasal articulates with four bones : two of the cranium, 
the frontal and ethmoid, and two of the face, the opposite nasal and the maxilla. 

The Maxilla ok Supekior Maxillary Bones 

The Maxillae arc the most important bones of the face from a surgical 
point of view, on account, of the diseaBe.s to ^vliich some of their parts are 
liable. They are the largest bones of the face, excepting the mandible, and 
form, by their union, the whole of the upper jaw. Each assists in the formation 
of three cavities — viz. the roof of the mouth, the floor and outer wall of the 
nose, and the floor of the orbit ; it also enters intp the formation of two jPoss^ 
the zygomatic and spheno-maxillary, and tw^o fi ssure s, the spheno-maSIIary ’ 
and ptorygo-maxillary. " * /. * t , 

Each bone consists of a body and four processes — zygojuia-tic, frontal, 
alveolar, and palatal. J ' / { 

The body (corpus maxillae) is .somewliat pyi'amidal in shape, and contains a 
large cavity, the antrum of Highmore ^ or maxillary sinus. Its surfa(‘cs are four 
— an anterior or facial, a posterior or zygomatic, a superior or orbital, and an 
internal or nasal. 

The anterior ov facial surface (facies anterior) (fig. 313) is directed foj wards 
and outwards. It prcsent.s at its lower i)art a .series of eminences corre- 
yisSponding to the positions of the fangs of the teeth. Just above those, of the 
inci.sor teeth is a depression, the incisive fossUy w^hich gives origin to the 
Depressor alee nasi ; to the alveolar border below the fossa is attached a slip 
of the Or})ieularis oris ; above and a little external to it, the Compressor nasi 
arises. More external is another depression, the canine fossa (fossa eanina), 
larger and deeper than the incisive fossa, from which it is separated by a 
vertical ridge, the canine eminence, eoiTesponding to the socket of the canine 
tooth. The canine fossa gives origin to the Levator ang'uli oris. Above 
the fossa is tJie in frn.~nrhiJnl foramen (foramen infraorbital©), the termina- 
tion of the infra-orbllal (^anal ; it transmits the infra-orbital vessels and 
nerve. Above the foramen is the margin of the orbit, w^hich affords partial 
attachment to the Levator labii superioris. Internally, the facial surface is 
limited by a deep eojieavity, the jmsal^xjotch (incisura nasalis), the margin of 
wdiieh gi\x‘s attachment to tJie Dilator naris posterior and terminates below in 
a pointed process, (spina nasalis anterior). 

1l\\o posterior or zygomatic sur face (facies infratcmporalis) (fig. 313) is convex, 
directed backw^ards and outw’^ards, and form.s part of the zygomatic fossa'. 
It is separated from the facial surface by the zygomatic process and by a 
strong ridge, which extends upwards from the socket of the first molar tooth. 
It is pierced about its eemtre by the apertures of the 'posterio r (Ren tal 
camk ^lyeolares). which transmit the jxjsterior dental vessels and 

nerves. At the lower part of this surface is a rounded eminence, the maxillary 
tuberosity (timber m axlUareL es|)ecially prominent after the growth of the 
wisdom-tooth ; it is rough on its inner side for articulation with the tuberosity 
of the palate-bone and in some cases articulates with the external pterygoid 
plate of the sphenoid. It gives origin to a few fibres of the Internal pterygoid. 
Immediately above this is a. sm oiith surfac e, which forms the anterior boundary 
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of the spheno-maxillaiy fossa, and ^ for the second division 

of the fifth cranial nerve ; this groove is dinii^d outwards and slightly upwards, 
and becomes continuous with the infra^orbital groove on fhe orbit^ surface. 

The superior or orbital surfaec (facies orbitalis) (fig. 313) is smooth and 
triangular, and form? the greater part of the floor of the orbit. It is bounded 
hlkTmUy by anlrfegular margin which in front presents a notch, the Id^ry^ l 

S (incisura lacrimalis) ; behind this notch the margin articulates with the 
ymal, the os planum of the ethmoid and the orbitS process of the palate. 

It is ’ bounded, behind by a smooth rounded edge which forms the anterior 
margin of the sphono -ma xillary fissure, and sometimes articulates at its outer^ 
extremity with the orbital plate of the sphenoid. It is limited in^Tpnt by 
part of the circumference of the orbit, wliich is continuous on th^ inner side 
with the frontal process, and on tlio outer side with the zygomatic process. 
Near the middle line of the posterior part of the orbital surface is a deep 
groove, the infra-orbiiul (sulcus infraorbitalis), for the passage of the infra- 
orbital vessels and nerve. The groove begins at the middle of the posterior 
border, wlierc it is continuous with that near the upper edge of the posteiior 

Fi(}. 313. — l^eft maxilla. Outer surface. 



surface, and, passing forwards, ends in a canal, which subdivides into two 
branches. One of tlie canals, the infra-orbital (caiialis infraorbitalis), opens 
just below the margin of the orbit ; the other, which is smaller, runs down- 
wards in the substance of the anterior wall of the antrum ; it is called the 
avicrior dental canal, and transmits the anterior dental vessels and nerve to 
the front teeth of the maxilla. From the back part of the infra-orbital canal, 
a second small canal is sometimes given off, which runs downwards in the 
outer wall of the antrum, and conveys the^middlo dent al ner ve to the bicuspid 
teeth ; occasionally, this canal is deprived from the anterior dental. At the 
inner and fore part of the orbital surface, just external to the lachrymal groove, 
igja depres^ipn, which gives origin to tbp Inferior obUqup mnsclo.af. the eyeball. 

TEe internal surface (facies nasalis) (fig. 314) presep,ts a large, irregular 
opening leading into the ant rum of ^iqh mme. border of this 

aperture are some brok^n^Jr-joells, which, in the articulated skull, are closed 
in by the ethmoid and lachrymal bones. Below the aperture is a smooth 
concavity which forms part of the . iziterior ih^us. tb^ 
bfihiiuLit is ^„xough,,SWjiacp for articulation with the perpendioidar plate of 
the palate bone ; this surface is traversed by a groove, commenoing near the 

B 2 
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middle of the posterior border and ninning obliquely dowwards and for- 
wards ; this groove is converted into a canal, the 

palate bone. In froqt of the opening of the ant nim is a deep groove, thelachry^l 
ergove (sulcus lacrimaJis), which is. converted into a canal (canalis naso l acrimaBa) 
fiy the lachrymal and inferior turbinated bones ; this canal opens into the 
inferior meatus of the nose and transmits the nftsaJjdiUit. More anteriorly is 
a well-marked oblique ridge, the i^£xia3c ( qyjista; ^ gfiphaiisK for 

articulation with the inferior turbinated bone. The shallow concavity above 
this ridge forms part of the atrium of the middle meatus of the nose ; while 
that below it forms part of the inferior meatus. 

The antrum of Highmore (sinus maxillaris) is a large pyramidal cavity, 
hollowed out of the body of the maxilla : directed outwards, is 

formed by the zygomatic process ; it.s hasp, directed inwards, by the outer wall 
of the noise. are everywhere exceedingly thin, and correspond ±Q..,tlie 

orbital, facial, and zygomatic surfaces of tlie body of the bone. Its infier uiolL 
or presents, in the disarticulated botK^, a large, irregular aperture, which 

Fig. 314. — Left maxilla. Inner surface. 



communicates with tlie nasal fossa. In the articulated skull this aperture is 
:’) UJjmb reduced in size the following bones : the uncinate procesft».nLthe 
ethmoid above, the ethmoidal process of the inferior turbinated belo \i% the 
vertical plato-SifJbjB. palate and a smaJl.pait.of JJm-Jachrymal above 

"■/ and in front. It commuuicatCii-With the middle meatus of the nose, generally 
by JtweieiualLe.pertures left between the above-mentioned bones. In tlie receiit 
state, usually only one small opening exists, near the upper part of the cavity, 
sufficiently large to admit the end of a i^robe ; the other is closed by mucous 
membrane. Qu the posterior wall are the posterior dental canals, transmitting 
the posterior dental vessels and nerves to the molar teeth. The Jloor i» formed 
by the alveolar proct^ss of the jaw, and, in a cavity of average size, is on a level 
with the floor of the nose ; where the cavity is large it reaches below this level. 

Projecting into the floor of the antrum are several conical processes, 
corresponding to the roots of the first and second molar teeth :* in some cases 
the floor is perforated by tlie fangs of the teeth. The infra-orbital canal usually 

* The number of teeth whose fangs are in relation with the floor of the antrum is variable. 
The antrum ‘may extend so as to be in relation to all the teeth of the true maxilla, from the 
canine to the de7nt napimticfi.’ — (Salter.) 
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projects into the cavity as a well-marked ridge which passes downwards and 
inwards from the roof to the anterior wall'r additional ridges are sometimes 
seen in the posterior wall of the cavity, and are causpd by the posterior 
dental canals. The size of the cavity varies in different skulls, and even on 
the two sides of the same skull. Aldren Turner {op. cit.) gives the following 
measurements as those of an average-sized antrum s vertical height op]iosite 
first molar tooth, in. ; transverse breadth, 1 in. ; and antero-posterior 
depth, in. 

A'p'pLied Anatomy. — The extreme thinness of the walls of this cavity affords an 
explanation of the fact that a tumour growing from the' antrum and encroaching upon 
the adjacent parts may push up the floor of the orbit, and displace the eyeball ; may 
project inwards into tlie nose ; may protrude forwards on to the check ; or may make 
its way backwards into the zygomatic fossa, or downwards into the mouth. 

The zyg’omatic or malar process (processus zygoniaticus) is a rough 
triangular eminence, situated at the angle of separation of the facial, 
S^.ygomatic, and orbital surfaces. Injroni it forms part of the facial surface ; 
behind, it is eorieavo, and forms part of the zygomatic fossa ; sibovc, it is 
rough and serrated for articulation with the malar bone ; wliile below, it 
PliSllitiats a pi'omineni arclu'd border whicli marks llie division between the 
facial and zygomatic surfaces. 

'J^hc frontal or nasal process (processus frontalis) is a strong plate, which 
j)iojeels u])wards, inwards, and backwards, by the side of the nosf‘, fonnjng 
part of its lateral boundary. Its external surface is srnootlj, continuous with 
the facial aspect of the body, and gives attachment to the Levator labii 
suporioris ala?que nasi, the Orbicularis palpebrai:uin, and the Tendo oculi. 
Its .forms part of the outer wall of the nasal fossa ; at its 

upper part is a rougli, uneven area, which articulates with the ethmoid bone, 
closing in the anterior ethmoidal cells ; below this is an oblique ridge, the 
superior turbinated crest (erisLa ethmoidalis) , the posterior-- nnd of which 
ailUiujat<.:8 \vitli the middle turbinated process of the ethmoid, wdiile the anterior 
part is tenned the a^ger nasi ; the crest, forms the upper limit of the atrium 
of the middle meatus. Its upper border articulates with the frontal and its 
(mkuioT with the nasal; its posterior, border is thick, and hollowed into a groove, 
w Inch is continuous below with the lachrymal groove on the inner surface of the 
body : by the articulation of the inner margin of the groove with the anterior 
boixler of the lachrymal a eorr<‘Sponding groove on the lachrymal is brought 
into continuity, and together they form the lachrymal JnssaSox the lodgment 
of the laehrymal sac. The outer margin of the groove is named t h^ cri^st a 
iacriinalis anterior, and is continuous below* with the orbital margin; at its 
orbital surface is a small tubercle, lqchrymp,l tubercle, 
wiSii serves as a guide to the position of the laehrymal sac in the operation 
for’ lislula Iacriinalis. 

TJie alveolar process (])rocessusalveolaris) is the tliickest and most spongy 
[)art. of the bone. It is broader behind than in front, and excavated into deej) 
ca\ities for the reception of the teeth. These cavities are eight. in number, and 
vary in size and depth according to the teeth they contain. That for the 
canine tooth is the deepest ; those for the molars are the widest, and are sub- 
divided into minor cavit ies by septa ; those for the incisors arc single, but deep 
and narrow. The Buccin ator arises from the outer surface of this process, as 
far forward as the SrsTnibTai’ tootli”. When the maxilla' are articulated with 
each other, tlieir alveolar processes together form the alvcoljur^grch ; tlie centre 
of the anterior margin of tJiis arch is named the aLveoLax. point. 

The palatal process (processus palatinus), 'tliick and strong, projects 
horizontally inwards /from the inner surface of the bone. It forms a consider- 
able part of the floor of the nose and the roof of the mouth and is much 
^ thicker in front than behinfL'i Its inferior sy cjpr^ (fig* 315) is concave, rough 
"and uneven, and forms, w.dth the palatal process of the opposite bone, the 
anterior threo-fourths of the hard palate. It is perforated by numerous 
foramina for the passage of the nutrient vessels ; is channelled at the bach 
part of its alveolar border by a— groove, sometimes a canal, fprjiha trans- 
miasion of the posterior palatine vessels, and the anterior o£.Jarg;e palatine 
from Meckd’s ga|^ ; and pre sents little^depressions for the lodgmeni 
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of the palatine glands. Wlicn the two maxillae are articulated, a depression, 

seen in the middle line, immediately behind 
examining the bottom of this fossa four are 

visible : two ar e si tuated latcrAlij two in t^ middle line. Th e laterfll 
canals. „aro named tlic incisor ^(yramina or Jbrwdinu 

tlie remains of the organ of Jacobson, and through each of them passes 
the.. . terminal, braxich ol the po^tejripr ,palatixic .arte]^^ which ascends from the 
mouth to the nasal fossa. The canals in the middle line are termed the 
foramina of Scarpa , and transmit the naso-paktin^^^ nerves, the left passing 
tluxuigh-. the. anterior, and the right thiou0i ’tJuT posterior canal. On the 
under surface of the palatal process, a delicate linear suture, well se(m in 
young skulls, may sometimes be noticed extending outwards and forwards 
from the anterior palatine fossa ^o the interval between the lateral incisor 
and the canine tooth. The small part in front of this suture constitutes the 
premaxiUa or os incisivum, which in most vertebrates forms an independent 

Fkj. 315. — ^The palate and alveolar arch. 



bone. It includes the whole thickness of 11 le alveolus, the (jonesponding 
part of the floor of the nose and the anterior i^asal spine, and contains the 
sockets of the incisor teeth. .surface of the palatal pi ocess is con- 

cave from side to side, smooth, and forms ihe gn*ate]* part of the floor of the 
nasal fossa. It presents, close to its innc]- margin, the upper orifice of the 
foramen of Stenson. The outer border of the i>rocess is incorporated with 
the rest of tlu*, bone. Tlie imier border is thicker in front, than behind, and is 
raised above into a ridge, the nasal axsi (crista nasal is), which, with the 
corresponding ridge of the opposite bone, fonus a groiJiye to the reception of 
ihe vomer. The front part of this ridge rises to a considerable height, and is 
named the it is prolonged forw^ards into a sharp process, which 

forms, together wdth a similar j)roccss of tln^ opposite bone, the aniermrMMaL 
spine (spina nasalis anterior). TIjc middle of the inferior border of the anterior 
nasal aperture at the base of the nasal spine is named the subnasal poird. The 
posterior border is serrated for articulation with the horizontal plate of the 
palate-bone. 
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Ossification.— The maxilla begins to ossify at a very early period, and ossifica- 
tion proceeds in it with such, rapidity that it is difficult to ascertain with 
certainty its precise number of centres. It appears probable, however, that it is 
ossified from s ix cent res, which are deposited in membrane. 
forms that porTiS^TThe body of the bone which lies internal to the infra-orbital 
canal, including the inner part of the floor of the orbit and the outer wall of 
the nasal fossa ; - ^ secojidy^rthA mala^ ox. z^^matic, gives origin to the portion 
which lies external to the infra-orbital canal, including the z\'gomatic process ; 
from a^hird, the is developed the palatal process posterior to Stenson’s 

canal Togetbef" witli tlie adjoining part of the nasal wall ; a . four tli^- the pre- 
tj^axillc^r^^ forms the front part of the alveolus which carries the incisor teeth and 
corresponds to the premaxilla of the lower vert(*brates ;* a fifths the nasal, gives 
rise to the frontal process and the portion above the canine tooth ; 
the infravomerine, lies between the palatine and premaxillary centres and 
beneath the vomer ; this centre, together with the corresponding centre of the 
opposite bone, separates the foramina of Stenson from each other. These various 

Fio. 316. — ^The maxilla at birth. 


‘5 

AXTKllIOR SURFACK 

centres appear about the eighth week, and by the tenth week the bone consists of 
two f)ortioiis, one the maxilla proper, and the other the premaxilla. The suture 
l)(‘tw(jen these two portions peu’sists on the palate till middle life, but is not to be 
s(‘en on tlie facial surface. This is believed l)y Callender to be due to the fact that 
the front wall of the sockets of the incisor teeth is not formed by the premaxillary 
bone, but by an outgrowth from th(», facial part of the maxilla jiropor. The 
antrum is devi^loped at an earlier period than any of the other accessory nasal 
sinusiis ; it ajipears as a shallow groove on the inner surface of the bone about 
the fourth month of fa*tal life, but does not reach its full wsize until after th(‘. second 
dentition. Tin*, sockets for tlm teeth are formed by the downward growth of two 
plates from the dental groove, and by the subsequent dev(*lopmont of partitions 
jutting across from tin*, one to the other. 

Articulations. — Tin*, maxilla articulates with nine bones : two of the cranium, 
tin* fpjntal and ethmoid, and seven of the face — viz. the nasal, malar, lachrymal, 
inferior turbinated, ]>alate, vomer, and its fellow of the opposite side. Sometimes 
it articulates with the orbital plate, and sometimes with the external f)t(*rygoid 
plate of the sphenoid. 

Changes rxiouucED in the Maxilla by Age 

At birth the transverse and jmtero-posterior diameters of the bone are each greater than 
the vertical. The frontal process is well marked and the body of the bone consists of little 
more than the alveolar process, while the teeth -sockets reach almost to the floor of the 
orbit. The antrum of Highmore presents the appearance of a slit-like, furrow on the 
outer wall of the nose. In the adult the vertical diamc^tor is the greater, owing to tlu^ 
development of the alveolar process and the increase in size of the antrum. In old ago 
the bone reverts in some measure to the infantile condition: its height is diminished, 
and after the loss of the teeth the alveolar process is absorbed, and the lower part of the 
bone contracted and diminished in thickness. 

The Lachrymal Hones 

The Lachiymal Bone (os lacrimale), tlio smallest and most fragile bone 
of the face, is situated at the front part of the inner wall of the orbit (fig. 310). 

* Some anatomists believe that tlie premaxillary bone is ossified by two centres (see 
page 285). 
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It presents for examination t y o su rfaces and four b orders. The external or 
orbital surface (fig. 317) is dividecTLy a vertical ridge, tEelocA ri/ma^ crest ( crista 
lag^^olis pQSterior)^ into two parts. The portion in front of this crest presents 
a longitudinal groove (sul cus lacriznalis), the inner margin of which unites with 
the frontal process of the maxilla, and the lachrymal fossa is thus completed. 
The upper part of this fossa lodges the laQhryniaLsac, the lower part, the 
nfiuaal.,duet. The portion behind the crest is smooth, and forms part of 
the inner wall of the orbit. The crest , with a part of the orbital surface 
immediately beliind it, gives origin to the Tensor tarsi muscle, and terminates 
' "" helow in a small, hook-like projection, tl^JiaanuIar 
Fio. 317.— licft lachrymal (hamulus lacrimalis), which articulates^with 

for ^ui .1 iacliryinal tubercle -of. the maxilla, and com^ 

(•-lightly enlarged.) pletes the upper orifice of the lachrymal canal. 

It sometimes exists as a separate piece, and is 
\ then called the l^sjr lachrytis^l bone. The internal 

M or 7 iasal tmr/hc iT'nfcsents a longitudinal furrow, 

I corresponding^o the crest on the outer sinTace. 

The .area. ialin:)nt . of this furrow Joxms part of 
^ the middle meatus of the nose; that, behind it 

^ \ \ articulates with the ethmoid bone, and com])lctc.s 

i j \ some of the anterior ethmoidal cells. Of ihf^ four 

the mterior is the longest, and articulates 
\ with the frontal process of the maxilla. The 

1 posterior, thin and uneven, articulates \\’ith the os 

planum of the etlimoid. The mpesior shortest 
and thickest, articulates with the internal angular 
process of the frontal. Tlie inferior is divided by the lower (jdge of the v(*rtical 
i rest into two parts : the posterior part articulates with the orbital jdate of 
tlie maxilla ; the anterior is prolonged downwards as the descending or tnrhhial 
process, wliich articulates with the lachrymal process of the inferior turbinated 
bone, a lid assists in forming the canal for the nasal duet. 

Ossification. — Thelaehrviiial is ossified from ajaugle centre, whieli a-pjx'ars Ji])()ut 
the eighth or ninth week in the membrane covering the cartilaginous nasal ca}>sule. 

Articulations. — The lachrymal articulates with lour bones: two of tluj cranium, 
the frontal and ethmoid, aiidtwo of tlieface, the maxilla and the inferior turbinated. 




process of the frontal. 


The M.alau oii Zygomatic Bones 

TJie Malar or Zygomatic Bone (os zygoinatieum) is a small, quadi angular 
bone, sititated at the upper and outer part of the face : it forms the ])iominerice 
of the cheek, part of the outer w^all and floor of the orbit, and j)arts of tlie 
temporal and zygomatic fos.s;e (fig. 318). It ijresents an external and an 
internal surface ; four processes, the fronto-s 2 >heii(>idal, orbital, maxillary, 
jind temporal or zy^goinatic ; and four borders. 

The external surface (facies maJaris) (fig. 319) is convex and 2 )erf()rated 
near its centre by a small aj^erture, the 'malar foramen (fonunen zygoniatico- 
fajtiiaJb), for the passage of the malar nerve and vessels. K is covered by the 
Orbicularis palpebrarum, and presents, below the: malar foramen, a slight 
elevation, thg. tubercle, which giv(‘.s origin to the Zygomaiici. 

The infernal surface (facies tenqioralis) (fig. 320), directed backwards and 
inwards, is concave, presenting internally a rough, triangular area, for articu- 
lation with the maxilla, and (ixternally a smootli, concave surface, tlie uj)j)cr 
jjarl of which forms the anterior boundary of the temporal fossa, the lower 
a part of the zygomatic fossa. On this surface, a litth? above its centre, is 
the aperture of a malar canal (foramen . zygomaticotemporale), for the 
transmission of the temporal branch of the teinporo-malar nerve. V I * _ 

The fronto-sphenoidal process is thick and serrated, and articulates 
with the extei'nal angular proetjss of the frontal bone. To its orbital margin 
is attached the exte rnal tarsal ligament. The orbital process is a thick, 
strong plate, proj^mg' 'BacEwams and inwards from the orbital margin. 
Its anterchinternal surface, smooth and concave, forms, by its junction with 
the orbital surface of the maxilla and with the greater wing of the sphenoid, 
part of the floor and outer wall of the orbit. On it are seen tlie orifices of two 
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oanais (foramina zygomaiicoorbitalia) ; one of these canals opens into the 
1 emporal fossa, the other on the anterior surface of the bone ; the former 
transmits the temporal branch, the latter the malar brancji of the temporo- 
malar nerve. Its postero-external surface, smooth and convex, forms parts of 


Fic. 318. — Right malar bone in situ 
Fronto-H'phetioidal ftmrrss ?]xt. angular p race na 



tlie zygojiiatic and temporal fossx. Us anterior margin , smootli and r(nindod, 
forjiis part of the circumfcM’orice of the orbit. Us superior margin, rouf^li, and 
diret.'ted liorizontally, arlicidates with the frontal bone beJiind tlie external 
angular process. Its posterior margin is serrated for articulation with the 
greater wing of tlie splienoid and the orbital surface of tlie maxilla. At 


FuJ. 310. — Left malar bone. 
Outer suifacc. 



Fi(J. 320. — Left malar bone. 
Inner surface. 

With frontal 



tJie angle of junction of the sphenoidal and maxillary portions, a short, rounded, 
margin is generally seen ; this forms the anterior, boundary 
of the spheno-niaxiUary fissure : occasionally, this non-articuJar margin does 
not exist, the fissure being completed by the junction of the maxilla and 
splienoid, or by the interposition of a small Wormian bone in the angular 
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interval between them. The maxillary process is a rough, triangular surface 
which articulates with the maxilla. The temporal process, long, narrow, and 
serrated, articulates with the zygomatic process of the temporal. 

Of the fovr borders^ the antero-su'perior or orbital is smooth, concave, and 
forms a considerable part of the circumference of the orbit. The antero'-inferior 
or maxillary border is rough, and bevelled at the expense of its inner table, to 
articulate with the maxilla ; near the orbital margin it gives origin to the 
Levator labii superioris propriiis. The 'postero-su'perior or temporal border, 
curved like an italic letter /, is continuous above with the commencement of 
the temporal ridge, and below with the upper border of the zygomatic arch 
the temporal fascia is attached to it. The postero-inferior or zygomatic border 
affords attachment by its rough edge to the Massetcr. 

Ossification. — The malar bone ossifies generally from three c entres — pne..fgr 
the zygomatic and two for the orbital portion; these appear about the eighth 
week and fuse about the fifth month of fcetal life. After birth, the l)one is 
sometimes divided by a horizontal suture into an upper larger, and a lower 
smaller division. In some quadrumana the malar bone consists of two parts, an 
orbital and a malar. 

Articulations. — The malar articulates M'ith four bones : the frontal, sphenoid, 
temporal, and maxilla. 

Tite Palate Bones 

The Palate Bone (os palatinum) is situated at the back part of the nasal 
fossa between the maxilla and the pterygoid process of the sphenoid (fig. 321). 
It contributes to the walls of three cavities : the floor and outer wall of the 
nose, the roof of the mouth, and tlic floor of the orbit ; it enters into the 
formation of iw'o fossa?, the splierio-niaxillary and pterygoid ; and one fissure, 
the spheno-maxillary. The palate bone somewhat resembles the letter Tj, and 
consists of a horizontal and a vertical plate and three outstanding processes 


hio. 321. — ^Palate bone in situ. 



— viz. the ])yramidal process or tuberosity, which is directed backwards 
and outwards from the junction of the xdutes, and the orbital and splierioidal 
processes, which surmount tJie vertical plate, and are separated by a deep notch, 
the spheno-palatine not(;b. 

The horizontal plate (pars horizontal) (figs. 322 and 323) is quadri- 
lateral, and has two surfaces and four borders. The superior surface, concave 
from side to side, forms the back X)art of the floor of the nose. The inferior 
surface, sUghtly concave and rougli, forms, wdth tlie corresponding surface 
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*s'Myv nor nmUi 

-pnlfUine furatnt iTr 


of the opposite bone, the posterior fourth of the hard })alate. At its 
posterior part may be seen a transverse ridge, more or less marked , for the 
attachment of part of the aponeurosis of the Tensor palati. yhe anterior border 
is senatcd, and articu- 
lates with the palatal Fig. 322. — ^Lefi palate hone. Internal view. (Enlarged.) 
})rocess of the maxilla. 7 u 

The posterior border is 
concave, freo, and serves 
j for the attachment of the 
^\soft palate. Its inner 

Ltremity is sharp and - 

pnted, and, when united sphci -ptatvim foramt l -TTPf&w | 
th the opposite bone, ,, 

forms a projecting pro- 
ccvss, the posterior nasal „ ^ 

spine (spina nasalis pos- < 

l«n*ior) for the attach- ^Maxillanj 

incnt of the Azygos i^ociss 

uvulae. The external r*-. 

?>orr/r'r is united with the ^ \ 

lowc^r part of the per- ''Iffjkl., 

pendicular plate, and is 
grooved by the lower end 
of the posterior palatine 

canal. The internal ^ 

border^ the thickest, is hohizontal platk 

serrated for articulation 


^y/A 








Maxillanj 

process 
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with its fellow of the opposite side ; its superior edge is raised into a ridge, 
which, united with the ridge of the opposite bone, forms a crest for articulat ion 
with the posterior part of tlie low'^er edge of the vomer. 

Tlie vertical plate (pars perpciidicularis) (figs. 322 and 323) is thin, of an 
oblong form, ajid presents t.^^o surfaces and four borders. 

The inlerrml surface (fii<;ics nasalis) exhibits at its loAver part a broad, 
shallou d('pression, wliich forms ])art of the inferior meatus of the nose. Imme- 
diately above this is a well-marked 
Eic;. 323.— Left palate bone. Posterior view. horizontal ridge, the inferior tur- 
(Enlargod.) binated crest (crista (‘onehalis), f(»r 

articulation with the inhuior tur- 



binated bone ; still liigher is a 
second broad, shallow dcjpression, 
wliich forms jiart of ilu^ middle 
ineatns, and is limited above by a 
horizontal ridge less i>rominent than 
tlie inhu’ior, the superior turbinated 
crest ((uista <‘1 liinoidalis), for artkai- 
lation with tlie raiddh^ turbinated 
process. Above the superior tur- 
binated crest is a narrow, horizontal 
groove, which forms part of the 
sujierior meatus. 

The external surface (faeies 
maxillaris) is rough and irregular 
througliout the greater part of its 
extent, for articulation with the 
inner surface of the maxilla ; its 
upper and back part is smooth 
where it enters into the formation 
of the spheno-maxDlary fossa ; it is 


also smooth in front, where it covers 
tJie posterior part of the orifice of the antrum. Towards the posterior part of 
this surface is a deep vortical groove, converted into the posterior palatine 
cximly by articulation with the maxilla; this canal transmits the posterior or 
descending palatine vessels, and the large palatine nerve. 
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The anterior border is thin, irregular, and presents, opposite the inferior 
turbinated crest, a pointed, projecting lamina, the maodllary process, which is 
directed forwards, /ind closes in the lower and back part of the opening of the 
antrum of Highmore. The posterior border (fig. 323) presents a deep groove, 
the edges of which are serrated for articulation with the internal pterygoid plate 
of the sphenoid. This border is continuous above with the sphenoidal 
process ; below it expands into the pyramidal process or tuberosity. The 
superior border supports the orbital process in front and the sphenoidal 
process behind. These processes are separated by the spheno-palatine notch 
(incisura sidienopalatina), which is converted into the spheno-palatine foramen 
by the under surface of th(^ body of the sphenoid. In the articulated skull 
this foramen leads from the spheno-niaxillary fossa into the posterior part of 
the superior meatus of the nose, and transmits the spheno-palatine vessels 
and the superior nasal and naso-palatine nerves, i’he inferior border is 
fused with the outer edge of the horizontal plate, and immediately in front 
of the tuberosity is gi*ooved by the lower end of the posterior palatine 
canal. 

The tuberosity or processus pyramidalis projects bacltwards and out- 
wards from the junclion of the horizontal and vertical plates, and is received into 
the angular interval between the lower cxiremities of the pterygoid plates. 
On its posterior surface is a median, grooved, triangular area, limited on 
eithei* side by a rough articular furrow. I’he furr-ows articulate with the 
pterygoid platens, while the grooved intermediate area com])lctes the lower 
])art of the jiterygoid fossa and gives origin to a few fibres of the Internal 
pterygoid. Tlu* anterior part of the outer surface is rough, for articulation 
with tJuj tuberosity of the maxilla ; its posterior ])art consists of a smooth 
triangular area whicli appears, in the artieulated skull, between tlu^ iiibei-osity 
of the maxilla and th(5 lowxr part of the external pterygoid plate, and eompleles 
the low^er part of the zygomatic fossa. The base of tlie tuberosity x^n'sents, 
elctse to its union with tlu^ horizontal plate, the apertures of the posterior and 
accessory palatine eauals (foramina j)alatina minora) for the transmission of 
the posterior and external jjalatiiie nerves. 

The orbital process (processus orbitalis) is jdaeed on a higher level than 
tJic sphenoidal, and is di riveted ujiwards and outwards from the front part of 
the vertical plate, to >vhich it is connected by a constricted nock. It presents 
five surfaeos, which emdose an air-cell. Of these surfaces, three arc articular 
and two non- articular. Tlie articular surfaces are : (1) the anterior or maxillary, 
directed forwards, outwards, and downwards, of an oblong form, and rougli 
for articulation Avith the maxilla; (2) the posterior or sphenoidal, dir(‘etcd 
backwards, upwards, and inwards ; it presents the opening of the air-c»‘ll, 
Avhich usually communicates willi the sphenoidal sinus; the margins of the 
opening are serrated for articulation with the vertical part of the spheiioidal 
turbinated bone ; (3) the internal or ethtnoidnh diroided inwards, upwards, and 
forw^ards, artiimlatcs witli tli(^ lateral mass of the ethmoid. In some eases, the 
cellular cavity above immlioncil opens on this surface of the bone; it then 
communicates w ith the |)osterior ctlunoidal cells. More rarely it oiKms on both 
surfaces, and tlien (;omrn uni cates with the posterior ethmoidal cells and the 
sjihenoidal sinus. The non- articular surfaces are : (1) the superior or orbital, 
directed ufiw'ards and outw ards, is triangular in shaj)e, and forms the back part 
of the floor of the orbit ; and (2) the exlernnl or zygomHic, of an oblong form, 
is directed outwards and downwards towards th(^ spheiio-maxillary fossa ; it is 
scfiarated from the orbital surface by a rounded border, w hich enters into the 
fi^rmation of the sphcno-maxillary fissure. 

The sphenoidal process (processus sphenoidal is) is a tJiin, com])ressod 
piaU‘, much smaller than the orbital, and directed ujjwards and inwards. It 
j)restmts three surfaces and tw^o borders. The superior surface, articulates 
w ith the root of the j^terygoid process and tlie under surface of the sphenoidal 
turbinated bone, its inner borfler reaching as far as the ala of the vomer ; it 
X)resents a groove wliich contributes to the formation of the ptorygo-palatine 
canal. The internal surface is concave, and forms part of the outer w all of 
the nasal fossa. The external surface is divided into an articular and a non- 
articular portion : the former is rough, for articulation with the inner surface 
of the internal pterygoid plat© of the sphenoid ; the latter is smooth, 
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and forms part of the spheno-maxillary fossa. The anterkrr border forms 
the posterior boundarj^ of the spheno-palatine notcht The 'posterior border, 
serrated at the expense of the outer table, articulates with the inner surface 
of the intenlal pieiygoid plate. * 

The orbital and sphenoidal processes are sepaiaied from one another by 
the spheno-palaiine •mich (incisura sphcnopalatina). Sometimes the t^vo 
})rocesBes are unitc^d above, and form between them a complete foramen 
(fig. 322), or the notch may be crossed by one or more spiciilos of bone, giving 
rise to two or more foramina. 

Ossification. — The palate bone is ossified in membrane from a sinjjle centre, 
which makes its appearance about the sixth or eighth week of fcetal life at the 
angle of junction of the two plates of the bone. From this point ossification 
spreads inwards to the horizontal plate, downwards into the tuberosity, and 
upwards into the vertical plate. Some authorities describe*, the bone as ossifying 
from four centres : one for the tuberosity and portion of the vertical plate behind 
the posterior palatine groove ; a second for the rest of the vertical and the 
horizontal plates ; a third foi* the orbital, and a fourth for the sphenoidal process. 
At the time of birth tin*, height of the vertical plate is about equal to the trans- 
verse width of the horizontal plate, whereas in the adult the former nunisures 
about twice as much as the latter. 

Articulations.— The palate articulates w«tli six bones : the sj)henoi(l, ethmoid, 
maxilla, inferior turbinated, vomer, and opposite palate. 

Ttte Inferiok Tcjrbinated Bones 

The Inferior Turbinated Bone (concha nasalis inferior) extends liorizontally 
along the outer wall of the nasal fossa (fig. 324) and consists of a lamina of 
spongy boric, curled upon itself like a scroll. It presents tjjiu-muiaces, two 
borders, and i>v'o extremities. 

The miermil surface (fig. 325) is convex, perforated by numerous apertures, 
and traversed by longitudinal grooves for the lodgment of vessels. Ther:c- 
iernal surface, is concave 
(fig. 326), and forms part 
of the inferior meatus. 

Its upper border is thin, 
irregular, and connected 
i(r various bones along 
the outer wall of the 
nose. It may be divided 
into three portions : of 
t hese, the anterior articu- 
lates with the iuf(;rior 
turbinated crest of the 
maxilla ; the posterior 
with the inferior tur- 
binated crest of the 
palate ; the middli^ j)or- 
tiori presents three well- 
n\arked processes, which 
vary much in their size 
and form. Of these, the 
anterior and smallest is 
situated at the junction 
of the anterior fourth 
with the posterior three- 
fourths of the bone : it is 
small and pointed, and is 
called the lachrymal proem (j^rocessus lacrimalis) ; it articulates, by its apex, 
with the descending or turbinal process of the lachrymal bone, and, by its 
margins, wuth the groove on the back of the frontal process of the maxilla, 
and thus assists in forming the canal for the nasal duct. Behind this process 
a broad, thin plate, the ethmoidal process (processus ethmoidalis) ascends to 
join the uncinate pnicess of the ethmoid ; from its low^er border a thin lamina 


EfhinohfaJ prorrsn 


324. — Inferior turbinated bone and laclnyinal 
bone in situ, 
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curves downwards and outwards, hooking over the lower edge of the orifice of 
the antrum, which it tfarrows below ; this lamina fixes the bone firmly to the 
outer wall of the nasal fossa and is called the maxillary process (processus 
maxillaris). The inferior border is free, thick, and cellular in structure, more 
especially in the middle of the bone. Both extremities are more or less narrow 
and pointed, the posterior being the more tapering. 


Fig. 325.— Right inferior turbinated bone. Fig. 326.— Right inferior turbinated bone. 
Internal surf ape. External surface. 



Ossification. — The inferior turbinated bone is ossified from a single c entra, 
which appears about the fifth month of foetal life in the outer wall "of the 
cartilaginous nasal capsule. 

Articulations. — Tlie inferior turbinated articulates with four bones : the (ethmoid, 
maxilla, lachrymal, and palate. 

Tjie Vomer 

The Vomer (vomer) is situated in the mesial [dane, and forms the hinder 
and lower part of the septum of the nose (fig. 327). It is thin, somewhat 
(luadrihiteral in shajKJ, and its anterior portion is frequently b(Uit to one or 


Ki(j. 327. — ^Vomcr in siiiu 



other side ; it has tw'o surfaces and four borders. The surfaces (fig. 328) ai*e 
marked by small furrows for blood-vessels, and each presents a groove, the naso- 
palatine, which runs obliquely downwards and forwards, and transmits the 
naso-palatine nerve and vessels. The superior border, the thickest, presents 
a deep furrow, bounded on either side by a horizontal projecting ala of bone ; 
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the furtow receives the rostrum of the sphenoid, while the margins of the 
alas articulate with the vaginal processes of the internal pterygoid plates of the 
spljenoid behind, and with the sphenoidal processes of the palate bones in 
front. The inferior border articulates with the crest formbd by the maxillae 
and palate bones. The anterior border is the longest and slopes downwards 
and forwards. Its upi)er half is fused with the perpendicular plate of the 
ethmoid ; its lower half is grooved for the inferior margin of the septal cartilage 
of the nose. The 'posterior border is free, concave, and separates tlie nasal fossae 
behind. It is tliick and bifid above, thin below. 

Ossification. — ^At an early period the septum of the nose consists of a plate 
of cartilage, the ethmo-vomerine cartilage. The postcro-superior part of this 
cartilage is ossified to form the perpendicular plate of the ethmoid ; its antero- 
inferior portion persists as 
tluj septal cartilage, whilst 
the vomer is ossified in the 
membrane covering its pos- 
tero-inferior part. Two ossific 
centres, one on either side of 
the middle line, appear about 
the eighth week of foetal life 
in this part of the membrane, 
and hence the vomer consists 
primarily of two lamellae. 

About the third month these 
unite below, and thus a deep 
groove is formed in which 
the cartilage is lodged. As 
growth proce(‘ds, the union 
of the larnellai extemds up- 
wards and forwards, and at 
the same time the interven- 
ing plate of cartilage undergoes absorption. By the age of puberty the lamellai 
are united to form a mesial plate, but evidence of the bilaminar origin of the bone 
is seen in the everted alai of its upper border and the gruovcj on its anterior margin. 

Articulations. — The vomer articulates with six bones : twc» of the cranium, 
the sphenoid and ethmoid ; and four of the face, the two maxillfn and the two 
f)alate bones ; it also articulates with the cartilage of the nasal septum. 

Applied AnaUrmy . — ^The Hiirfa.(!es of the vomer are covered by mucous membrane, 
which is intimately connected with the periosteum, little, if auy, submu(;ous connective 
lissLK; irilervciiiug. Hence polypi aio rarely found growing from this surface, 1 hough 
tliey frequently grew from the outer walls of the nasal fossa*, wliere the submucous tissue 
is abundant. 


Fio. 328. — ^The vomer. 



The Mandible or Inferioi: Maxilla 

(TJie Mandible (mandibula), the largest and strongest bone of the face,^ 
servos for the reception of tluj low'cr teeth. It consists of a (uirved, horizontal"*^ 
portion, the body, and two perpendicular portions, the mwjj} which join the 
back part of the body nearly at right angles. 

(The body (corpus raandibulaj) is curved somewhat like a hoi scshoe, and has 
two surfaces and two borders.) fThe external surface (fig. .329) is marked in 
tho median line by a faint ridge, indicating the symphysis or line of junction 
of the two pieces of which the bone is composed at an early period of life. 
Tliis ridge divides below and encloses a triangular eminence, tlie mental 
'protuberance (protuberantia mentaJiH)^ the base of which is depressed in the 
centre but raised on either side to form the mental tubercle (tubcrculum mentale). 
(On either side of the symphysisijust below the incisor teeth,^ a depression, 
the incisive fossa; which gives origin to the Levator menti)and a small portion 
of the Orbicularis oris. Below the second bicuspid tooth, on eitlier side, 
midway between the upper and lower borders of the body, is the (mented 
for amen, for the passa ge of th e mentaj vessels and n erveA (Running bacKwards 
^.^d upwards from ea'dTmental tubercle is a faint ridj^, the external oblique 
line (linea obliqua)) which is continuous with the anterior border of the , 
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ramus : it affords (attachment to thg^Deprossor labii inferioris and Depressor 
an^i oris : the Platysma is attache below it.J 

TThe internal surfaced (fig. 330) is concave from side to side, and presents, 
near the lower p&rt of the symphysis, a pair of laterally placed tubercles, 
termed the genial or mental spines (spinas mentales), which give origin to the 
Genio-hYo-g lo ssi « Immediately below these is a second pair of spines, or 
more frequenHy a median ridge or impression, for the origin of the genio- 
hyoid muscles . In some cases the mental spines are fused to form a single 
enimence, in others they are absent and their position is indicated merely by an 
irregularity of tlie surface. Above the mental spines a median foramen and 
furrow are sometimes seen ; they mark the line of union of the halves of the 
bone. (Below the mental spines, on either side of the middle line, is an 
oval depn^ssion for the attachment of the anterior belly of the Digastric. 
Extending upwards and backwards on either side from the lower part of 
the symphysis is the internal oblique line or mylo-hyoid ridge (linea mylo- 
hyoidea) which gives origin to the Mylo-liyoid) at its posterior end, near the 
alveolar margin, it gives origin to a small part of the Superior (;onstrictor 
muscle of the pharynx, and attachment to the pterygo-mandibular ligament. 
Above the anterior part of this ridge is a smooth triangular area against 

Fio. 329. — ^Mandible. Outer surface. Side view. 


Coronoul process Condjjle 



which the {jmblin gual ^land rests, and below the lunder part of tlie ridge 
IS an oval fossa for the snbmaxillary jgland. 

"(The superior or alveolar border, wider behind than in front, is iiollow'ed 
into cavities, for the reception of the teeth ; these cavities are sixteen innumberj) 
and vary in depth and size according to the teeth which they contain. 1 To 
its outer lip, on either side, the Buccinator )is attached as far forward as the 
first molar tooth. I The inferior border is rounded/ long(*r than the superior, 
and thicker in front than behind ; at the point Where it joins the low er border 
of the ramus a shallow groove, for the facial artery, may be present.^ 

The perpendicular portion, or ramus (ramus niandibulse) is quadrilateral 
in shape, and presents for examination two surfaces, four borders, and two 
processes. The external surface (fig. 329) is flat and marked by oblique ridges 
at its lower part ; it gives attachment throughout nearly the whole of its 
extent to the Masseter. The internal surf ace 330) presents about its centre 

the oblique aperture of the inferior dental canal (foramen mandibulare), 
for the passage of the inferior dental vessels and nerve. The margin of this 
opening is irregular ; it presents in front a prominent ridge, surmounted by 
a shaim spine, the lingula mandihuloe, w'hich gives attachment to the spheno- 
mandibular ligament ; at its lower and back part is a notch from which the 
myh-hyoid groove runs obliquely down^vards and forwards, and lodges the 



MANDIBLE 


257 


mylo-hyoid vessels and nerve. Behind this groove is a rough surface, for 
the insertion of the Internal i)terygoid. The inferior dental canal (canalis 
mandibuLe) runs obliquely downwards and forward# iu the substance of the 
ramus, and then horizontally forwards in tlio body, where it is placed under 
the alveoli, and communicates with them by small openings. On arriving at 
the incisor teeth, it turns back to communicate with the mental foramen, giving 
off two small canals, whicli run forward to be lost in tlic cancellous tissue 
beneath the incisor teeth. The canal in the posterior two-thirds of the bone is 
situated nearer the internal surface of the mandible ; and in the anterior third, 
nearer its external surface. Its walls are composed of (compact tissue at 
either extremity, and of cancellous in the centre. It contains the inferior 
dental vessels and nerve, from which branches ai-e distributed to the teeth 
through small apertures at the bases of the alveoli. lUie lower border of the 
ramus is thick, straight, and continuous with the inft*rior border of the body 
of tlie bone. At its junction with the posterior border is llie anxjle (angulus 
mandibular), which may be <uther inverted or everted, and is marked by 
rough, oblique ridges on each side, for the aUachment of the Masseter 
externally, and the Internal pterygoid internally ; tlie stylo-mandibular 


Ftq. 330. — Mandible. Inner rtiulaco. Side view. 

Articulnimn 
irith leui/nmif 



liffiuuont is attacliod to tlic (ingle between tluw Jiiusclos. The anterior border 
is thin above, tJiioker bolow, and continuous nitli the external obliiiue line 
The po-sUrior border is tliick. smootli, rounded, and covered by the parotid 
gland. The ufrper border is tliin. and presents two processes, seiairated bv o 
deep cojuiavity, the nigmoid iwh'h. Of these processes, the anterior is the 
coronoid, the posterior the condylar. 

The coronoid process (processus coronoideus) is a thin, triangular 
eminence, which varies in shape and size. Its aidcrior border is convex 
and is continuous below with the anterior border of the ramus ; it^ 
posterior border is concave and forms the anterior boundary of the sigmoid 
notch. Its external surface is smooth, and affords insertion to the Temporal 
and Masseter muscles. Its internal surface gives insertion to the Temporal 
muscle, and presents a ridge which begins ni'ai- the apex of the process 
and runs downwards and forwards to the inner side of the last molar tooth. 
Between this ridge and the anterior border is a grooved triangular area, the 
upper part of which gives attachment to the Tempcwal, the lower part to Bomo 
fibres of the Buccinator. 

The condylar process (processus condyloideus) is thicker than the 
coronoid, and consists of two portions : the condyle, and the constricted portion 
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which supports it, the neck. The condyle presents an articular surface which 
articulates with the glenoid cavity of the temporal bone ; it is convex from before 
backward^T, and from side to side, and extends farther on the posterior than on 
the anterior aspect.* Its long axis is directed inwards and slightly backwards, 
and if prolonged to the middle line will meet that of the opposite condyle 
near the anterior margin of the foramen magnum. At the outer extremity of 
the condjde is a small tubercle for the attachment of the external lateral liga- 
ment of the temporo-mandibular joint. The neck (collum mandibula?) is flattened 
from before backwards, and strengthened by ridges which descend from the 
fore part and sides of the condyle. Its posterior surface is convex ; its anterior 
presents a depression for the attachment of the External pterygoid muscle. 

Fra. 331. — Scheme showing ossification of the mandible, inner side (Low). The mem- 
brane bone is coloured red. The greater part of Meckel’s cartilage is coloured blue. 
The upturned, stippled portion near the symphysis represents the })art of Meckel’s 
cartilage which is surrounded and invatled by the membrane bone. The accessory 
nuclei of cartilage in the condyle, coronoid process, alveolar border and body are 
indicated by stippled areas. 



The sigmoid notch, separating the two processes, is a deep semilunar 
depression, and is crossed by the masseteric vessels and nerve. 

Ossification. — The mandible is ossified in the fibrous membrane covering th(i 
outer surfaces of Meckel’s (jartilagcs. These cartilages form tlie cartilaginous 
bar .of the mandibular arch (see p. 108), and are two in number, a right and a left. 
Their proximal or cranial ends are connected with the periotic capsules, and their 
distal extremities are joined to one another at the symphysis by mesodermal 
tissue. Tliev can be seen on the inner aspect of the mandible of a five-months 
foetus (fig. 331), where they run forwards immediately below the condyh's and then, 
bending downwards, lie in a groove near the lower bord(*r of the bone ; in front of 
the canine tooth th(iy incline upw^ards and inwards to tln^ symphysis. From the 
proximal end of each (cartilage the malleus and incus, two of the bones of the 

middle ear, are developed ; the next 
succeeding portion, as far as the 
lingula, is replaced by fibrous tissue, 
Avhich persists to form the spheno- 
maiidibular ligament. Between the 
lingula and the canine tooth the 
cartilage disappears, whilst the portion 
of it which lies below and behind the 
incisor teeth becomes ossified and 
incorporated with this part of the 
mandible. 

Ossification takes place in the mem- 
brane covering the outer surface of 
Meckel’s cartilage (fig. 332), and each 
half of the bone is formed from a single centre which appears, near tiie mental 
foramen, about the sixth week of fcetal life — i.e. earlier than in any other 
bone except the clavicle. By the tenth week the portion of Meckel’s cartilage 
which lies below' and beliind tlie incisor teeth is surrounded and invaded by 
the membrane- bone. Somewhat later, accessory nuclei of cartilage make their 
appearance — viz. a wedgc-shapiMl nucleus in the condyle, a small one in the 
coronoid prf)Cess, and smaller ones in tJie front part of both alveolar walls and 
along the front of the low'er border of the bone. These accessory nuclei possess no 
separate osaific centres, but ossification extends into them from the adjacent 
rncmbrane-boiie and they undergo absorption. The inner alveolar border, usually 
described as arising from a separate ossific centre {splenial centre), is formed in the 
human mandible by an ingrowth from the main mass of the bone. At birth the 


Fio. 332. — Scheme showing ossification of 
mandible from the outer side (l^w). Mem- 
brane bone coloured red. Accessory nuclei 
of cartilage stippled. 
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bone consists of two halves, united by a fibrous symphysis, in which ossification 
takes place during the first year. 

The above description of the ossification of the mandible is based on the researches 
of Low* and Fawcett, f and differs somewhat from that usually given. 

Articulations. — The mandible articulates with the two ttunporal bont\s. 


Changes produced in the Mandible by Age 

At birth (fig. 333). the bodj^ of the bone is a mere shell, containing the sockets of the 
two incisor, the canine, and the two temporary molar teeth, imperfectly partitioned off 
from one another. The dental canal is of large size, and runs near the lower border of 
thv'? b^ne ; the mental foramen opens beneath the socket of tlie first molar tooth. The angle 
is obtuse (ITS*^), and the condylar portion is nearly in line with the bcKly. 'Hie coronoid 
process is of comparatively large size, and projects above the level of the condyle. 

After birth (fig. 334), the two segments of the bone become joined at the symphysis, 
from below upwards, in the first year ; but a trace of separation may be visible in the 
beginning of the second year, near the alveolar margin. The body becomes elongated in 
its whole length, but more es])ocially behind the mental foramen, to provide space for the 
three additional teeth developed in this part. The depth of the body increases owing 
to increased growth of the alveolar part, to afford room for the fangs* of the teeth, and 
by thickening of the snbdental portion which enables the jaw to withstand the powerful 
action of the masticatory muscles ; but the alveolar portion is the deeper of the two. 
and, consequently, the chief part of the body lies above the oblique line. The dental 
canal, after the second dentition, is situated just above the level of the myli>-hyoid ridge ; 
and the mental foramen occupies the position usual to it in the adiilt. The angle 
becomes less obtusti, owing to the separation of the jaws by the tc(‘lh ; about the fourth 
year it is 140°. 

In the advH (fig. 335), the alveolar and basilar j)ortions of the body arc usually of 
equal dcptli. The mental foranuui opens midway betw(*on tlic upper and lower borders of 
the bone, and the dental canal runs nearly parallel w ith the mylo-hyoid line. The ramus 
is almost vertical in direction, the angle measuring from 110° to 120°. 

In old age (fig. 336), the bone becomes greatly reduced in size, tor w ith tlu: loss of the 
teeth the alveolar process is alisorbed, and the basilar part of the bone alone remains ; 
consequently, the chief part of the bone is bolow' the oblique line. The dental canal, 
with the mental foramen opening from it, is close to the alveolar border. The ramus is 
oblique in direction, the angk* measures about J40°, and the ne(*k of the condyhj is more 
or less bent backw ards. 


Hyoid Hone 

Tlic Hyoid Bone (os liyoidourr.) is ntiiiied from its resemblance to the 
Greek upsilon ; it is also called the os liiigum, b(*Cfiiis(j it suj) 2 )ort.s tlio tongue, 
and gives attacliment to several of its muschvs. It is a bony arch, sliapc'd like 
a horseshoe, and c^on.sists of five segments, a body, two greater cornua, and 
two lesser cornua. It is sus 2 )ended from the tips of the styloid processes of 
the temporal bones by the stylo-liyoid ligaments. 

The body (hasi-hyal) or rentral i)art of the bone is of a quadrilateral form. 
Its anterior surface (fig. 337) is convex and direoU^d forwards and upwards ; 
it jneseiits a median and a transverse ridge* wliitdi subdivide it into four areas, 
two on either side of the middle line*.. At theijoirit of intersection of these ridges 
is an elevation named the tubercle. The anterior surface gives attachment 
to the Genio-hyoid in the greater part of its extent ; above, to tJie Oenio-hyo- 
glossus ; below , f o the Mylo-hyoid, 8tylo-hyoid, and aponeurosis of tlic Digastric 
(supraJiyoid aponeurosis) ; and externally to a part of the Hyo-glossus. The 
posterior surface is smooth, concave, diriM-tod baokw^ards and downw^aids, and 
sejiarated from the epiglottis by the thyro-hyoid membrane and a quantity of 
loose areolar tissue ; a bursa intervenes between it and the thyro-hyoid mem- 
brane. The superior border is rounded, and gives attachment to the thyro- 
hyoid membrane and parts of the Genio-hyo-glossus and Chondro-glossus. 
The inferior border gives attachment, in front, to the Sterno-liyoid ; behind 
to the Omo-hyoid, and at its junction with the gi*eat cornu to part of the Thyro- 

* * Tlie Development of the Lower ,Iaw in Man,’ by Alexander Low, M.A., M.B. {Procerdingx 
of the Anatomical and Anihrtnndogtnnl Society of the rniccnify of A/o rdcrUf 

t ‘Ossification of the I^owcr Jaw in Man,’ by Professor Ffiwoett {^Journal of the American 
Medwal A^tociation, September 2, 1005). 
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hyoid. It also gives attachment to the Levator glandulaj tbyroidc*, when this 
muscle is pres(^nt. In early life the lateral surfaces are connected to the 
gi'oater cornua by synchondroses ; after middle life us\ially*by bony union. 

The greater cornua {thyro-hyala) project backwards from the lateral 
surfaces of the body; they are flattened from above downwards and diminish 
in si7.e from before back- 
wards ; each Icrmiriales in 
a tubercle for the attach- 
nuuit of the lateral ihyro- 
liyoid ‘ligament. The outer 
surface giv(‘S attacliment to 
tlic Hyo-glossus ; the upper 
border to the Middle corj- 
strictor of tlic pharynx, and 
the lower to part of the 
I'hyro-hyoid. 

The lesser cornua 
(cerato-hyals) are two small, 
conical (miimmces, attached 
by their bases to the angles 
of junction lictween the 
bo<ly and gn^ati^r cornua, 
and giving attachment by 
their apices to tiu' stylo- 
hyoid ligaments.* The 
smal](?r cornua are connected to the body of the bone by distinct diartlirodial 
joints, which usually persist throughout- life, but occasionally become aiikylosed. 

Ossification. — The ■liyeid-iH..QaHiSi »d from iru; ..centres : two for the body, and 
one for each cornn. Ossification commences in the body about the eighth month, 
ill the greater (ioniua towards the end of hctal life, and in flu* lesser cornua during 
the first or second y(‘ar idter birth. 

Siirfare Fortn . — 'riio hyoid bone can ho felt in the receding angle below the chin, and 
the linger can Ik' (iariii'd along the ^vhole length of the bone to tins greater cornn, which 
is situated on a level nitli the angle of the jaw. This process of bone is best perceived by 
making pressure on one cornu and so pusliiiig tlic bone over to tho opposite side, when 
llie cornu of that sidc^ will he distiiudiy fclv immediately bi'iicath tho skin. It is an 
important landmark in ligatnn*. of the lingual artery. 

/Iji'plitfl Anatomy. - liyoid bone is oeeasi(Mially fraetured. generally from direct 
violence, as in hanging, forcible gras]»ing of the tlmait in garottuig or throttling, or by a 
blow. Tho fraeluie generally occurs about tho junction of tluj greater cornu with the 
body of tlie bone, but soiueiimes takes place tlirough the latter. Since the muscles of 
tho tiuiguo have important connect ions with this hone, there is gri^at pain upon any 
attemjit being madi* to move the tongue, as in speaking or swallowing. 


Fig. 337. — Hyoid hone. Anterior surface 
(enlarged). 





EXTEllIOK OF THE SKULL 

The skull as a whole may be viewed from different ixiints, and the views so 
obtained are termed the iwrmm of the skull ; thus, it may be examined from 
above (norma verticalis), from below (norma basalis), from the side (norma 
lateralis), from behind (norma occipitalis), or from the front (norma frontalis). 

The Skull from Above (norma verticalis) 

When viewed from above tho outline presented varies greatly in different 
skulls ; in some it is more or less oval, in others more nearly circular. The 
surface is traversed by tJaiy&fiJMSuUires, viz. : (1) the_ci 22 i?m/l^ nearly transverse 
in direction, between the frontal and parietals; (2) the sa^yittal, mesially placed, 
and deeply seiTated in its anterior two-thirds, uniting tEe parietal bones ; 
and (3) the upper part of the larnMQ^i between the parietals and occipital. 
The point of junction of the sagittal and coronal sutures is named the hreyma^ 

* 'J’hese ligaments in many animals are distinct bones, and in man n.iay undeigo partial 
ossification. 
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that of the sagittal and lambdoid sutures, the IjmMsi I these points indi- 
cate respectively the positions of the aiiteiior and posterior fontanelles in 
the foetal skull. On either side of the sagittal suture are 
and p^£taL /caiamm — the latter, houover, is frequently absent on one or 
both sides. The skull is often somewliat flattened in the neighbourhood of 
the parietal foramina, and the term ohcliotL is applied to that point of the 
sagittal suture w hich is on a level with the foramina. In front is ih a ghhella^ 
and on its lateral aspects are the and above these the 

fronldl eminences. Immediately above the glabella may be seen the remains 
of the inter-jrQjij^^ ; in a small percentage of skulls this suture persists 

and extends along the mesial plane to the bregma. Passing backwards 
and upwards from the external angular processes of the frontal bone are 
the temporal lin es . which mark the upper limits of the temporal fossae. The 
z ygom a tic. Mches may or may not be seen projecting beyond the anterior 
portions of tlieso lines. 

Tue Skttll frojM J-Ielow (norma basalis) 

The inferior surface of the base of t he skull exclusive of the mandible (fig. 338) 
is b oputled in fr ont by the incisor teeth in the maxilla) ; behind , by the superior 
curved lines of fhe occipital ; and la.tey^ llv b}’ the ^dveolar _arch . the louder 
S' border (jf Uie nmlar, the z ygo ma, an J a^n imaginaiy line, extending Iro m tlTe 
^ zygoma to Uie mastoiS process and exfremity of the suptuTor curved Tine of 
the occipilal. It is formed by tlu* palatal processes of the maxilUe and palate 
*> bones, the-vpmer, the jderygoidp^-pccsscs, the undclfSuifacos qf the greatei:,.wiiigs, 
spiiious j)ro6fSses, and part of the body of th e spheno id, the under surfaces of 
(^iho squammis, m^toid, and j)eti:ous.jportious of tfie ' temporals, and the under 
/surface of thejQCfiipit£U-bone. The an terior p art or hard pa late is raised above 
the level of the rest of the surface (u ITcii* the skull is turned over for the purpose 
of examination), and is bounded in front and laterally by the alvt*olar arch 
containing the sixteen teeth of th(‘ maxilla'.* Immediat(*fy behind the incisor 
teeth is the Q,]sisiTioTJialatint fossa At the bottom of this fossa four apertures 
may usually be seen: two placed laterally, ii\i\fomjrmha oj Sienson, open above, 
into the floor of the nose, and transmit the anterior bramdros'oT the posterior 
palatine vessels, and two in the median line, the foramina of Scarpa, the 
anterior transmitting the left, and the posterior the right naso-palatine 
nerve. The vault of the har'd palate is concave, iincNen, irerforated by 
numerous foramina, marked by depressions for the palatine glands, andt i*aversed 
by a crucial suture formed by the junction of the four bones of which it is 
composed. In the young skull a suture may be seen passing outwards and 
forwards on either side from the anterior palatine fossa to the interval between 
the lateral incisor and canine toelli, and marking off the pi’emaxillary 
portion of the bone. At each jiosterior angle of the hard palate is the 
forqmm, for the transmission of the i^ostcrior palatine vessels 
large descending palatine nerve ; and running forwards and inwards from 
it a grop„y:e, for the same vessels and nerve. Behind the posterior palatine 
foramen is the ivhermity,JcfJii,St paloixi -hmc, perforated by one or more accessory 
j and marked by the commencement of a. rid^r^. which 
runs transversely inwards, and servers for the attachment of tlie tendinous 
expansion of the Tensor palati. TVojecting backwards from the centre 
of the ])osterior border of the hard jialate is the pi^^skrior 
attachment of the AwpfOT Beliirid and above tlie hard palate 

are'^the posterior apertures of the nares (dwmiw), measuring ' about an inch 
in their vertical and half an inch in t heir ‘Iraiis verse diameters. They are 
separa ted from one another by th(‘ vomer, and each is bounded above by 
tEenbody of tlie sjihenbid, lafilpw' by the horizontal plate of the pSate-bone, 
and IgificaJly by the internal pterygoid plate of the sphenoid. At the base 
of the vomer may bo seen the expanded ala) of this bone, receiving between 
them the rostrum of the sphenoid. Near the lateral margins of the alae of the 
vomer, at the root of the pterygoid processes, are the picrygo^ipalaJi^^ 

Th e plpryg oid process, w hich bounds the posterior nares on either side, presents^ 
near its base the pterygouLor Vidian c grtg l, for the Vidian nerve and arteiy. 
Each process consists pf two plates, separated behind by the pterygoid fossa, 
which lodges the Internal pterygoid and Tensor palati. '^nio intern^al plate is 
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long and narrow, presenting on the outer side of its base the for 

the origin of the Tmsor palati, and at its lower extremity thejomi^r proMW , 
around which the tendon of this muscle turns. TJiB,exteEnja.pterygoid plate is 

Fig. 338.— Base of skull. Inferior surface. 
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broad ; its outer surface f^ixttSLthc inner boui/dary of fo^r and 

af^jrds attacliment to the External pterygoid. ‘ 

Beliind the nas^l fossae in the middle line is the basilar iMUlion ol the 
occipital bone, presenting near its centre the ^)harynge.al tubercle for the attach- 
ment of the fibrous raphe of the pharynx, with depressions on either side for 
the insertions of the Recti capitis antici major and minor. At the base of 
tlie external j^terygoid plate is the forameu ovale, for the transmission of the 
third division of the fifth nerve, the small meningeal artery, and sometimes 
^he small superficial petrosal nerve ; behind this, foramen svinomm which 
transmits the middle meningeal artery and vcirafT cEou i fie*^romiKent spinous 
process of the sphenoid, which gives attachment to the spheno-mandibular 
ligament and the Tensor palati. External to the spinous process is tlie glenoid 
fossa, divided into two parts by the (ilaserian Jissure ; the anterior portion, 
coucav(‘, smooth, bounded in front by the cminentia articular is, serves 
for the articulation of the condyle of tlie loM'^er jaw’ ; the posterioj* portion, 
rough and bounded behind by the tympanic plate, is occupied by a part of 
the parotid gland. Emerging from between the lamirue of the vaginal ])rocess 
of the tympanic plate is Mm styloid process ; and at the base of this process is 
stylo-mastoid foramen, foi* Mie exit of the facial nerve, and entrance of the 
stylo-mastoid artery. External to tlie stylo-mastoid foramen, between the 
t^uiipaiiic plate and the mastoid ]irocess, is the auricular fissure , for the auricular 
branch of the pneumogastric. Upon the inner side of the mastoid process is 
the digastric fossa, and a little more internally, the occipital groove for the 
occipital artery. At the base of the internal i>terygoid plate is a large' and 
somewhat triangular ajierture, the foramen lacernm medium, bounded in front 
by the greater wing of the spli(*noid, behind by the ap('/X of th(' petrous portion 
of the temporal bone, and internally by the body of thc^ sphenoid and basilar 
portion of the ootupital bone ; it presemts in front the posti'rior orifice of the 
Vidian canal; behind, the aperture of the carotid canal. The basilar surfatjo 
of this ojiening is filled up in the recent stattj by a fibro-cartilaginons plate, 
ucj’oss the ujiper or ccixibral surface of wliich the internal carotid artery passes. 
External to tliis ajx'i'lure is a groove', the sulcus tnhee atiditivce, b(‘twoon the 
petrous l)art of the temporal and the greater Aving of the spheiuud. This suleiis 
is direct(^d out wards and backwards from tli<' root of the internal pU'rygoid 
plate and lodges the cartilaginous part of the Eustachian tube; 11 is continuous 
beliirul with tlie canal in Mu? temporal bone which foi nis tli(‘ bony part of the 
same tube. At the bottom of this sulcus is a nairow cleft, tlu‘ fissura petro- 
squamosa, which is occupied, in the rec<'iit condition, by a platen of cartilage, 
the boru's liounding the fissure being united by a synchondrosis. Behind this 
suture is the under surface' of the petrous portion of tin* temporal bnne, present- 
ing. near its apex-, the quadrilateral rough suifaifc, part of which affords attacli- 
iiK'rit to the L(;vator jialati inuscle ; to the outer sicle of this surface is the orifice 
of the c?arotid canal, and to its inner side, the depression leading to the 
aqufcdyctns cochhee, the former transmitting the internal carotid artery and 
the (jarotid plexus of the sympathetic, the latter serving for the passage' of a 
vein from the coclilea. Behind the earot id canal is a large aperture, the jugular 
Joramen, formed in front by the petrous portion of the temporal, and behind 
by the occupitai ; it is gemerally larger on the right than on the left side, and 
is partly subdivided into tliree (jomjiartments. The anterior compartment 
transmits tlie inferior petrosal sinus ; the middle, the glosso-pharyngeal, pneumo- 
gastric, and spinal accessory nerves ; the jiosUirior, the lateral sinus and some 
meningeal hranches from the occipital and ascending pharyngeal arteries. On 
the ridge of bone dividing the carotid canal from the jugular foramen is the 
small foramen for Jacobson’s nerve (tympanic branch of the glosso-pharyn- 
geal) ; and on th(', wall of the jugular foramen, near the root of the styloid 
process, is the small aperture for Arnold’s nerve (auricular branch of the 
pneumogastric). ExUmding forwards from the jugular foramen to the foramen 
lacerum medium is the fissura petro-occipitalis, wdiieh is occupied, in the recicnt 
state, by a plate of cartilage. Behind the basilar portion of the occipital bone 
is the foramen magnum, bounded laterally by the occipital condyles w^hich are 
rough internally for the attachment of the check or odontoid ligaments. External 
to each condyle is ihp jugular process, wliich gives attachment to the Rectus 
capitis lateralis muscle and the lateral occipito-atlantal ligament. The foramen 
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magnum transmits the medulla oblongata and its membranes, the spinal acces- 
sory nerves, the vertebral arteries, the anterior and posterior spinal arteries, 
and the oecipito-axial ligameiii^s. The mid-points on the anj/crior and posterior 
margins of the foramen magnum an^ respectively termed the hasion and the 
opisthurn. In front of each condyle is the anterior condyloid foramen, for the 
passage of the hypoglossal nerve and a meningeal artery. Behind each condyle 
is the*^ fossa co^uiyloidea, perforated on one or both sides by the posterior 
condyloid foramen, for tJie transmission of a vein from the lateral sinus. Behind 
the foramen magnum is tlie e^jclemnl occipital creM, terminating above at the 
external occipital protuberance, while on (uther side are the superior and inferior 
curved lines ; these, as well as the surfaces of hone between them, are rough 
for the attachment of the muscles which are enumerated on page 215. 

The Skull in Pkofile (norma lateralis) 

WIkui viewed from the side*, (fig. 3119) tlni skull is seen to consist of the cranium 
above and behind, and of the face below and in front. The cranium is some- 
what ovoid in shape, but its contour varies in dilTerent cases and deijcnds 
largely on the length and height of the .‘kali and on the degree of promincnc(^ 
of tli(* suT)erciliary ridg(‘s and frontal (unincinces. Eut(‘ring into its formation 


Fi( 3. 330. — Side view of the skull. 



are to bo seen the frontal, the parietal, the occipital, the temporal, and the 
greater wing of the sphenoid. These bones are joined to one another and to 
the* malar by the following sutures : the zygomatico-temporal between the 
zygomatic process of the temporal and the temporal process of the malar ; the 
fronto-malar uniting the malar with the external angular process of the frontal ; 
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the sutures surrounding the great wing of the sphenoid, viz. : the spheno-malar 
in front, the apheno-frorUal and spheno-parietal above, and the spheno-squamosal 
behind. The sphepo-parietal suture varies in length in different skulls, and is 
absent in those eases where 1 he frontal articulates with the squamous part of 
the temporal. The point corn^sponding with the posterior end of the spheno- 
parietal suture is named the pterion ; it is situatc^d about an inch and a quarter 
behind, and a little above the level of the external angular process of the frontal 
bone. 

Tlie squamous suture arc*lies backwards from the pterion and connects 
the squamous part of the temporal with th(' lower border of the parietal : 
this suture is continuous behind with the short, nearly horizontal parieto- 
mastoid suture, Avhioli unites the mastoid pro(.*ess of the tejujioral with the 
region of tJie poslcro-inferior angle of the parietal. Extending from above 
dou'iiwards and forwards across the cranium are the earonal and lamhdoid 
sutures ; the former connects the parietal with the frontal, t.he latt er, the parietal 
with the occipital. 'I'he lambdoid suture is continuous below with tlie occipito- 
mastoid suture b(‘.twcejii the occipital and the mastoid portion of the temporal. 
In or Jiear this suture is ihe mastoid foramen^ for the transmission of an 
emissary vein. The point of meeting of the parieto-mastoid, occi})ito-mastoid, 
and lambdoid sutures is known as the aslerion. Immediately above the orbital 
margin is the superciliary ridge^ and, at a higher level, the frojital eminence. 
Near the c<;ntre of the parietal bone is the parietal eminence. Posteriorly is 
the external occipital protuberance, from which th(i superior curved line may 
be followed fonvards to the mastoid j)roccss. Arching across tlie side of the 
cranium arc the temporal lines or ridges, which mark the up})(‘j’ limit of the 
temi)oral fossa. 

Tlic temporal fossa is bounded above and b(?hind by the temporal lines, 
which extend from the external angular jirocess of tJie frontal bon(^ upwards 
and backwards acrowss the frontal and parietal bones, and then curve down- 
wards and forwards to becon)o continuous with the supra-mastoid crest and the 
posterior root of the zygoma. I'lic point 'where the upper temporal line' cuts 
the coronal suture is named th(^ stephanion. Tlie temporal fossa is bounded 
in front by the frontal and malar bones, and opening on th(^ back of the latter 
is a forauK'.n which tj’ansniits tin*/ temporal branch of tin* Icmporo-rnalar 
nerve. Externally the fossa is limited by the zygomatic arch, formed by the 
malar and temporal boncis ; bol()W\ it is separated from tlie zygomatic fossa 
by tlie infra-lemporal crcsl on the great er wing of the sphenoid, and by a ridge, 
continuous with this crest, wdiich is carried backwards across the squamous 
part of tJic temporal to the*, anterior root of the zygoma. In front and below, 
the fossa (^ommunicates with the orbital cavity tlirougli tlic spheno-maxAllary 
fissure. Tlie floor of tlic fossa is deeply concave in front and convex bcdiiiid, 
and is formed by the malar, frontal, jiarielal, sphenoid, and temporal bones. 
It is traversed by vascular fun-ow's : one, usually well marked, runs upwards 
above and in front of the external auditory meatus, and lodges tin* middle 
temjioral artery. Two others, frequently indistinct, may bo observed on tlie 
anterior part of the floor, and arc for the aiiti^rior and posterior deep tcmiporal 
arteries. The temporal fossa contains the Temporal muscle and its vessels 
and Tu*rves, together witli thi^ temporal branch of the tcmporo-inalar nerve. 

The zygomatic arch is formed by the zygomatic process of the temporal and 
the temjioral jirocess of tin*, malar, the tw^o being united by an oblique suture ; 
the tendon of the Temporal muscle passes under the arch to gain insertion into 
the coroiioid process of tlie mandible. The zj^gomatic process of the temporal 
arises by two roots, an anterior, directed inwards in front of the glenoid 
cavity, where it expands to form the cminentia articularis, and a posterior, 
wdiich runs backwards above the external auditory meatus and is continuous 
with the supra-mastoid crest. The upper border of the arch gives attachment 
to the temporal fascia ; its lower border and inner surface give origin to the 
Masseter. 

Below the posterior root of the zvgoma is the elliptical orifice of the 
external auditory meatus, bounded in front, below, and behind by the tym- 
panic plate; to the outer margin of this plate the cartilaginous part of the 
external auditory meatus is attached. The small triangular area between 
the posterior root of the zygoma and the postero-superior part of the 
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orifice is ienned the sujira-meatal triangle^ on the anterior border of which 
a small spinous process, the su^a-mmtal^^^ne^ is sometimes seen. Between 
the tympanic plate and the eminentia articularis is the glenoid cavity, divided 
into two parts by the Glaserian fissure. The anterior and larger part of the 
cavity articulates with the condyle of the mandible and is limited behind 
by the post-glenoid i)rocess : the posterior part lodges a ^^ortion of the parotid 
gland. The styloid process extends downwards and forwards for a variable 
distance from the lower part of the tympeanie plate, and gives attachment 
to the Stylo-glossus, Stylo-hyoid, and Stylo-pharyngeus, and to the stylo- 
hyoid and stylo-mandibular iigaments. Projec.ting downwards behind the 
external auditory meatus is the mastoid process, to the outer surface of which 
the 8terno-mastoid, Splcnius capitis, and Tracheh)- mastoid are attachf'd. 

The zygomatic or infra-temporal fossa (fig. 340) is an irregularly shaped 
cavity, situated below and on the inner side of the zygoma. It is bounded, 


Kic. 840. — zygomatic fossa. 
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in front, by the zygomatic surface of the maxilla and the ridge v\ hich descends 
from its malar process ; bt‘hind, by the eminentia articularis of the temporal 
and the spine of the sphenoid ; above, by the gi’cater wing of the sphenoid below 
the infra-temporal crest, and by the under surface of the squamous temporal ; 
below, by the alveolar border of the maxilla ; internally, by the external 
I)terygoid plate. It contains the loner part of the Temporal muscle,' the 
External and Internal pterygoids, together with the internal maxillary 
vessels and inferior maxillary nerve and their branches. The foramen ovale 
and foramen spinosum open on its roof, and the posterior dental canals on its 
anterior wall. At its upper and innei’ part may be observed two fissures, 
which together form a T-shaped fissure, the horizontal limb being named 
the spheno-maxillary, and the vertical one the pterygo-maxillary fissure. 

Thespheno-maxillary fissure (fissuraorbitalis inferior), horizontal in direction, 
opens into the outer and back part of the orbit. It is bounded above by 
the lower border of the orbital surface of the greater wing of the sphenoid ; 
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below, by the external bof&er of the orbital surface of the maxilla and the 
orbital process of tln^ palate bone ; externally, by a small part of the malar 
bone. * : internally,, it joins at right angles with tlio pterygo-max illary fissure. 
Through tljo spheno-inaxillary fissure the orbit communicates with the 
temporaJ, zygoinati(', and sphejio-iuaxillarv fossic ; the fissure transmits the 
superior maxillary nerve and its temporo-malar branch, the infra-orbital 
vessels, tlio ascending branches from Meckel’s ganglion, and a vein which 
connects the ophthalmic vein with the pterygoid venous ])lcxus. 

The plerygo-maxillnry Ji.s,sv re is verti(;al, and d('SO(?iids at right angles from 
the inner extremity of the preceding ; it is a triangular interval, formed by the 
divergence of the maxilla from tin* pterygoid pro(^ess of the sphenoid. It 
conm*cts the splieno-maxillary fossa with tlie zygomatic fossa, and transmits 
the t<Tminal part of the internal maxillary artery. 

The spheno-maxillary fossa (fossa pt(uygo-palatina) is a small, tri- 
angular space situated at the angle of junction of the spheno-maxillary and 
pterygo-maxillary fissun^s, and j>iaeed beneath the apex of the orbit. It is 
Ijounded above by the under suifacc of the body of the sphenoid and by the 
orbital pro(^ess of the palate bone ; in front, by the zygomatic surface of the 
maxilla : Ix^hitid, by the base of th(‘ pterygoid process and lowi*r ])art of tlu*! 
anterior surface of the greater wing of tlie sphenoid ; internally, by tlu^ v(U’lical 
])late of the palate bone wit h its orbit <al and splienoidal pro(^ess(*s. 1^his fossa 
comniuiiicates with tlie orbit by the spheno-maxillary fissure, with the nasal 
cavity by the spluno-palatine foramen, and with tlu^ zygomatic fossa by 
the ptcwygo-maxillary fissure. Fiv(‘ foramina o])cn into it. Of tlics(‘, threi^ 
are on the i»ost(U’ior wall, vdz. : tlu^ foramen rot malum, the Vidian canal, 
and the pterygo- palatine canal, from without downwards and inwards. On the 
inner wnll is tin* np/n no- palaliuc foramen, and Ix'low is the sujicrior orifici* of 
the pofitcrior palatine canal. The fossa contains the superior maxillary nerv(‘ 
and Mc^ckel’s ganglion, and the termination of the int(‘rnal maxillary artery. 

TiiJi Skull from Behind (uoima occipitalis) 

WIhui viewed from behind the cranium prc^sc^nts a mon*, or less circular 
outiiiie. Ill the middle line is the ]>osterior part of the mgiilal snture core 
licet ing the ])aneta1 bom‘s; extending dowrnvards and out w aids from th(‘ 
hinder end of the sagittal suture is the deejily serrated hembdoid suture joining 
theparietals to the occipital and continuous below w itli the paricto- mastoid and 
oecipitu-mastoid sutures; it frequently contains one oi’ more W’oiinian bones. 
Near the middle of the sqnama occipitalis is tin? i?xttTiia! occipital protuber- 
ance or inion, and extending outwards from it on eilhia' sidf' is the superior 
curoed line (linen, iiucliai superior), and abova; this tiu' faintly marked Uvea 
suprema. Th(? fiart of the squama abov(*. the inion and JinecC supremoe is 
named the planum oecijiitale, and is covered by the Oc(apito-frontalis muscle : 
the part below is termed tJie jilanuiii miehah', and is divided by a mesial ridge 
which runs dowimards and forwards from the inion to th(‘ foramen magnum ; 
this ridge gives a ttachment t o tin* ligament urn majlne. The muscles attached 
to the planum nuchale are cniime.rati'd on pag(‘. 215. Bellow and in front 
are tlie mastoid pro(;esses, convex externally and grooved internally by the 
digastric fossa?. In or near tin? oceipito-rnastoid sutuie is the mastoid foramen 
for the passage of the mastoid emissary vein. 

Thu: Skull from the Front (noiina frontalis) 

When viewed from the front (tig. »H1) the skull exhibits a somewhat oval 
outline, limited above by tlic frontal bone, below by tlie body of the 
mandible, and laterally by the malar bones and the mandibular rami. The 
uiiper part, formed by the vertical jiJate of the frontal, is smooth and convex ; 

low’er paj’t, made up of the bones of the face, is irregular, and is excavated 
laterally by the orbital cavities, and presents in the middle line the anterior 
nasal aperture leading to the cavity of the nose, and below this the transverse 
slit between the upper and lower dental arcades. Above, the frontal eminences 

* Occasionally the superior maxillary bone and the sphenoid articulate with each other 
at the anterior extremity of this fissure ; the malar is then excluded from it. 
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stand out more or less prominently, and" beneath those are the suprrcdiary 
fidgety joined to one another in the middle by the glabella. On and above 
the glabella a trace of the inierfrontal suture soniotinies. pi^rsists ; beneatli 
it is the fronto-nasal suture, the mid-point of whu;h is termed tlie tiasion. 
Behind and below the fronto-nasal suture the internal angular process of 
the frontal articulates with the lac^lirymal and w itli tlie frontal process of the 
maxilla. Arching between the internal and external angular processes of 
the frontal is the upper part of the margin of the orbit, thin and prominent in 
its outer two-tliirds, rounded in its inner third, and presenting, at tlie junction 
of these two portions, the supra-orhital notch or foramen for the su])ra-orbitial 
nerv^e and vesstJs. TJuj external angular process articulates uith the malar, 
and from it the temporal lino (extends upwards and back^vards. Below the 


J'to. 341. — Anterior region of the skull. 



fronto-nasal suture is the bridge of the nose, convex from sid(‘ to side, concavo- 
convex from above dowmwards, and formed by th(^ two nasal bones supported 
in the middle line by the perptmdieular plate of the ethmoid, and laterally 
by the frontal ])roccsses of the rnaxilla' whicJi are ])rolongcd upwards bedu een 
the nasal and hudirynial bones and form tlie loA\cr and inner part of the 
circumference of each orbit. Below^ the nasal bones and between tlie maxilL'c 
is the anterior aperture of the nose. p^Tiform in si jape, with the narrow end 
directed upwards. Laterally this opening is bounded by sharp margins, to 
which the lateral cartilages of the nose are attached ; b(dow", the mai^gins are 
thicker and curve inwards and forw^ards to end in the anterior nasal spine. 
On looking into the nasal cavity, the bony septum wliich separates the nasal 
fossae presents, in front, a large triangular deficiency ; this, in th(» recent 
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state, is filled ap by the septal cartilage. On tlie lateral wall of each nasal fossa 
the anterior part of the inferior turbinated bone is visible. Below and external 
to the anterior n§»sal aperture arti the facial surfaces of the maxillae, each 
perforated, near the lower margin of the orbit, by the infra-orbital forarmn 
for the passage of the infra-orbital iierv^e and vessels. Below and internal 
to this foramen is this canine eminence separating the incisive from the canine 
fossa. Beneath these fossa3 are the alveolar processes of the maxillae containing 
the ui>per teeth, wliicli overlap tlie teeth of the mandible in front. The malar 
bone on either side forms the prominence of the clKHik, the lower and outer 
portion of the orbital cavity, and the anterior part of the zygomatic arch. It 
articulates internally with the maxilla, behind with the zygomatic process of 
the temporal, and above with the greater wing of the sphenoid and the external 
angular process of the frontal ; it is perforated by the /bmmm for the 

j^assage of the malar brand i of the temporo-malar nerve. On the body of the 
mandible is a median ridge, indicating the position of the symphysis ; this 
ridge divides below to enclose the mental protuberance, the lateral angles of 
which constitute the mental tubendes. Below the incisor teeth is the incisive 
fossa, and beneath the second bicuspid tooth the mental foram,en which 
transmits the mental nerve and vessels. Passing upwards from the mental 
tubercle is the external oblique Ime^ wliich is continuous behind with the anterior 
border of th('> ramus. 'Che posterior border of the ramus runs downwards and 
forwards from the condyle to the angle, Avhich is frequently more or less everted. 

Tlie orbits (fig. 341) are two (|uadrilateral pyramidal cavities, situated 
at the upper and anterior part of the face, their bases being dii*ected forwards 
and outwards, and tlieir apices backwards and inwards, so that their long axes, 
if continued backwards, would meet over the body of the s^dienoid bone. 
Each presents for examination a roof, a floor, an inne.r and an outer v^all, a 
base, and an aj)ex. 

The roq/‘ is (joncave, dire(;ted downwards, and slightly forwards, and formed 
in. front by the orbital j)late of the frontal : b(dimd by the lesser wing of tlie 
sphenoid. It prt^.scnts internally tin', dcin’t^ssion for the attachment of the 
cartilaginous pulley of the Superior oblique; externally, the lachrymal fossa 
for the laclirymal gland ; and [)Ost<5riorly, the suture between the frontal and 
the lesser wing of the splienoid. 

Tlie floor is dire<!t€xl upwards and outwards, and is of less extent than the 
roof ; it is formed chiefly by the orbital surface of the maxilla ; in front, and 
externally, to a small extent, by the orbital process of the malar, and behind 
and internally, by tlie orbital pro(^ess of the palate. At its inmu’ angle is the 
upper opening ot the naso-lacJirymal canal, immediately to the outer side of 
which is a depression for the origin of the Inferior oblique muscle of the eyeball. 
On its outer jiart is the suture between the maxilla and malar, and at its 
posterior part that between the maxilla and the orbital process of the palate.^ 
Running forw^ards near the middle of the floor is tlie infra-orbital groovCy 
terminating in front in tlie infra-orbital canal and transmitting the infra- 
orbital nerve and vessels. 

The inner wall is nearly vertical, and is formed from before backw^ards 
by the frontal process of the maxilla, the lachrymal, the os planum of the 
ethmoid, and a small part of the body of the sphenoid in front of the optic 
foramen. Sometimes the sphenoidal turbinated bone appears in this wall 
(see footnote, page23fi). It exhibits three vertical sutures —viz. : one between 
the frontal process of the maxilla and the lachrymal, another betw’een the 
lachrymal and ethmoid, and a third between the ethmoid and sphenoid. In 
front is seen tlie lachrymal groove ^ which lodges the lachrymal sac, and behind 
the groove is the lachrymal crest, from which the Tensor tarsi arises. At the 
junction of tlic inner w'all and the roof is the suture which joins the frontal bone 
to the frontal proct^ss of the maxilla, the lachrymal, and the ethmoid. The 
point of junction between the anterior border of the lachrymal and the 
frontal is named the dacryon. In the suture bc^tween the frontal and the os 
planum of the ethmoid are the anterior and posterior ethmoidal foramina, the 
former transmitting the nasal nerve and anterior ethmoidal vessels, the latter 
the posterior ethmoidal vessels. 

The outer wall, directed inwards and forwards, is formed by the orbital 
process of t he malar and the orbital surface of the greater wing of tlie sphenoid ; 
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these are united by a vertical suture which terminates below at the front end 
of the spheno-maxillary fissure. On the orbital process of the malar are the 
orifices of one or two canals which transmit the temporal ai^d malar branches 
of the teniporo-malar nerve. Between the roof and the outer wall, near the 
apex of the orbit, is the aphenoidal fissure. Through this fissure the third, the 
fourtli, the ophthalmic division of tlie fifth, and the sixth nerves enter tlie orbital 
cavityi also some filaments from the cavernous plexus of the sympathetic and 
the orbital branches of the middle meningeal artery. Passing backwards through 
the fissure are the ophthalmic vein and the recurrent branch from the lachrymal 
artery to the dura mater. The outer wall and the floor arc separated posteriorly 
by the spheno-maxillary fissure which transmits the superior maxillary nerve 
and its lemporo-malar brancih, the infra-orbital vessels, and the ascending 
branches from Meckel’s ganglion. 

The base of tlie orbit, quadrilateral in shape, is formed above by the supra- 
orbital arch of the frontal bone, in which is the supra-orbital notch or foramen 
for the passage of the supra-orbital vessels and nerve ; below by the malar 
and maxilla, united by the malo-maxillary suture ; externally by the malar and 
the external angular process of the frontal joined by the fronfo-malar suture ; 
interiifilly by th(i internal angular process of the frontal and the frontal process 
of the maxilla, i\\G fronto-7no:nllary suture intervening. 

The apex, situated at the back of the orbit, corresponds to the optic 
foraimui,* a shoi't, eircuilar canal, which transmits the oj)tic nerve and 
ophthalmic artery. 

It will thus be seen that there are nine Of)enmgs communicating with each 
orbit — viz. : the optic fora, men, sphenoidal fissun^ spheno-maxillary fissure, 
supra-orbital foramen, infra-orbital canal, anterior and posterior ethmoidal 
foramina, malar foramen, and the canal for the nasal duct. 


IXTEIUOH OF THE SKULL 

In order to study the interior of the skull tlie skull-cap should bo removed 
by a saw-cut carried round the cranium about the level of the frontal 
eminences and the upper limits of the squamous sutures, cutting the occipital 
bone about an inch above the external protuberance. 


Innkk Sukfaoe of thk Skoul-oap 

Tlie iiuKir surface of the skull-cap is concave and presents depressions 
for the convolutions of the cerebrum, together with numerous furrows for 
the lodgment of branches of tlie meningeal arteries. Along the middle line is 
a longitudinal groove, narrow in front, where it commences at the frontal 
-i rest, but broader behind ; it lodges the superior longitudinal sinus, and its 
margins afford attachment to the falx cerebri. On either side of it are several 
depressions for the Eacchionian bodies, and at its back part, the openings 
of the parietal foramimi u lien these are present. It is crossed, in front, by the 
coronal suture, a,nd behind by the lambcknd, whilst the sagittal lies in the mesial 
plane between the parietal bones. 

Uppkii Surface of the Base of the Skull 

The upper surface of thc^ base of the skull or floor of the cranial cavity 
(fig. 342) presents three fossjc, called the anterior, middle, and posterior cranial 
fossce. 

Anterior fossa. -TIk^ floor of the anterior fossa is formed by the orbital 
plates of the frontal, the cribriform plate of the ethmoid, and the lesser wings 
and front part of the body of the sphenoid ; it is limited behind by the 
posterior borders of the lesser wings of the sphenoid and by the anterior margin 

* Somt: jinatomisls doscril>e l-he apex of the orbit as correspondinpr with the irincsr end of 
the s])henoidal fissure. It seems bettor, how^over, to adopt tlie statement in I la; text, 
since the muscles of Mu; eyeball take origin around the optic foramen, ami diverge from it to 
the globe of the eye. 
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of the optic groove. It is traversed by three sutures, the /rmito-ethmoidal, 
spheno-dhmoid.al and sphem>- frontal. Its lateral portions roof in the orbital 
cavities and support the frontal lobes of the cerebrum ; they are convex 

Flo. 342.— Base of the skull. lT])])er surface. 
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and marked by depressions for the brain convolutions, and grooves for branches 
of the meningeal ai tcries. The Cf^ntral portion corresponds with tlie roof of 
the nose, and is markedly depress<‘d on either^ side of the crista galli. It 
presents, in and nc',ar the median lira', from before backwards, the commence- 
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ment of the frontal crest for the attachment of the falx cerebri ; the foranien 
ccecuniy between the frontal bone and the crista galli of the ethmoid, vyhich 
usually transmits a small vein from the nose to the superioi>longitu<iinal sinus ; 
behind the foramen caecum, the crista galli, the free margin of which affords 
attachment to tlic falx cerebri ; on either side of the crista galli, the olfactory 
groove formed by the cribriform x>lftte, which supports the olfactory bulb, and 
presents foramina for the transmission of the olfactory nerves to the nose, and 
in front a slit-like opening for the nasal branch of the ophthalmic division of the 
fifth nerve. On the outer side of each olfactory groove are tlie internal openings 
of th(3 anterior and 'posterior ethmoidal forarnina ; the anterior, situated about 
the middle of the outer margin of the olfactory groove, transmits the anterior 
ethmoidal vessels and the nasal nerve ; the nerve runs in a groove along tht^ 
outer edge of the cribriform plate to the slit-like optming above mentioned ; 
the posterior ethmoidal foramen opems at the bfu^k part of this margin under 
cover of the projecting lamina of the sphenoid, and transmits a menin- 
geal branch from the posterior ethmoidal arh^ry. FartluT back in tlie middle 
line is the ethn/pidal spine, boiindtid behind by a sliglit elevation separating 
two sliallow longitudinal grooves which sui>port the olfactory lobes. Behind 
this is the .anterior margin of the optic groove, running outwards on either 
side to the upper margin of tlie o})ti(; foramen. 

The middle fossa, dc(^[MU* than tht^ or(‘(M3ding, is narrow in the middle 
line, but beemru^s widi^r at the sid(3 of the skull. It is hounded in front by the 
posterior margins of the lesser wings of the sphenoid, the anterior cliiioid 
processes, and the ridgci forming the anterior margin of the optic groove : 
behind, by the superior borders of the petrous ])ortions of the ttunporals, ancl 
the dorsum selhe, externally by the squamous ])ortions of the temporals, .antero- 
inhirior angles of the parietals, and greater wings of the sphenoid. It is traversed 
by four sutuT*es, the squamous, spheno-'fHirietal, spheruhsquamosal, and spheru)- 
petrosal. 

The middle ])art of t he fossa presemts, in front, the optic groove and olivary 
eTmnc'thce : the oj)tic groov(5 tm'rainates on either side at the optic foramen, wliic.h 
transmits the opti(5 nerve and ophthalmic artery to the orbital cavity. B(^hirjd 
the oj)tic foraimm the anterior clinoid process is din'cted backwards and inwards 
and gives attachment to the tentorium ecrebelli. Behind th(^ olivary eminence 
is a deep depression, the sella turcica, which lodges tlie pituitary body and 
presents on its anterior wall, the middle clinoid processes. The sella turcica 
is bounded posteriorly by a quadrilateral ])late of boru^, the dorsum seUa\ tlui 
upp(*r angles of Avliic;h are surmounted by tJie posterior clinoid jrrocesses : tliese 
afford attachnumt to the tentorium (;end)clli, and below each is a notch for 
the sixth nerve. On either side of tlu' scOla turcica is the carotid groove, which 
is broad, sh.allow, and curved somctwiiat like the italic letter/'. It Ix'giiis behind 
at the f()ram<‘ri lacei'uni medium , and (uids on t he inner side of the anterior clinoid 
process, when; it is sometimes converted into a foramen (carotieo-cliiioid) by 
tlio union of the anlerior >\itli the middle clinoid process ; posteriorly, it is 
bounded on the outtn* side* by the lingula, 'Ibis groove lodges tlie cavernous 
sinus and the internal carotid artery, the latter Ixurig surrounded by a plexus 
of sympathetic nerves. 

The lateral parts of the middle fossa are of considerable depth, and supjjort 
the temporal lobes of the brain. Th(*v are marked by depressions for the 
brain convolutions and traversed by furroA\s for the anterior and posterior 
brandies of the middle meningeal artery. These furrows begin near 
the foramen s])inosum, .and the anterior runs forwards and upwards to the 
antero-inferior angle of the parietal, where it is sometimes converted into 
a bony can^d ; the posterior runs backwards and outwards across tlie squamous 
portion of the temporal and jiasses on to the parietal near the middle of its 
lower border. The following apeitures are also to be seen. In front is the 
sphenoidal fissure, bounded above by the lesser wing, below', by the greater 
wing, and internally, by the body of the sphenoid ; it is usually completed 
externally by the orbital plate of the frontal bone. It transmits to the orbital 
cavity the third, the fourth, the ophthalmic division of the fifth, and the sixth 
nerves, some filaments from the cavernous plexus of the sympathetic, and the 
orbital branch of the middje meningeal artery; and from the orbital cavity 
a recurrent brancjh from the lachrymal artery to the dura mater, and the 
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ophtlialmic vein. Behind the intrer-extremily of the sphenoidal fissure is the 
foramen rotundum, for the passage of the second division of ilie fifth nei*ve ; 
still more posteriwly is the foramen Vesalii, ^vhich varies in size in different 
individuals, and is often absent; \\hen pr(‘sent, it o])ens below at the outer 
sid(‘ of Iho scaphoid fossa, and transmits a small vein. Behind and external 
to the latter opening is the. foramen ovale, whieli transmits the third division 
of the fifth nerve, the small meningeal artery, and tlK'. small superficial j)etrosal 
nerve.* On the outer side of the foramen ovale is the foramen spivomm, for 
the passage of th(^ middle meningeal artery and veins, and a recurrent branch 
from the inhuior maxillary nerve. On the inner side of the foraiium ovale is 
till' foramen laeerum medivm ; in the recent state the lower j^art of this 
ap(*rture is filled uj) by a laycu' of fibro-eartilag(?. while its upper and inner 
parts transmit the internal carotid artery surrounded by a plexus of sympa- 
t hetie nerves. TJie Vidian nerve and a mening('al branch from the as(;onding 
f)haryngeal art(‘ry ]jicree tlic* layer of fibro-(‘artilag<\ On the aiit(‘rior surface of 
the petrous portion of the temporal bone are s(;en, from without irnvards, 
the emimmct^ caused by the projection of tlu' supej*ior semicircular canal ; in 
front and a little to the outer side of this a d(‘pression corresponding to the 
roof of the tym[)anic cavity ; th(‘ groove leading to the hiatus Fallopii, for 
the ti-ansmission of tlic great superficial petrosal iktvc and tJie pc'trosal blanch 
of th(i middle meningeal artery ; bem^ath it, the smaller gioove, for the passage^ 
of th(‘ small superficial ])ctrosal nerve : and, near tlu^ a|)ex of the bone, the 
dciiression for the Gasserian ganglion and the orifice of the (carotid canal. 

The posterior fossa is tlic larg(‘st and dcc'pest of the tJir(‘(*. It is fornu'd 
by the dorsum S(4hv and clivus of the splumoid, the occipital, the petrous and 
mastoid portions of th(^ temporals, and the ]K)ste‘ro-inferior angles of the 
parietal bon(\s ; it is cross(‘d by two sutures, tJiC' occipiio- mastoid and the parieto- 
mastoid, and Jodg(‘s th(* cer(‘bclJum, pons X'ai’olii, and mt‘diilla oblongata. 
It is s('f)arat(‘d fnmi t he middh* fos.sa in and near th(‘ median line by the dorsum 
sellie, and on ('ither side ))v tlu' superior bordtu’ of th(^ petrous poiiioii of the 
temj)oral lione. Tliis border giv<\s attachment to th(‘ tentorium cmc'bclli, is 
grooved for the sup(*rior petrosal sinus, and jin'siuits at its inner ('xtr(‘mity 
a notch uj)on wdiich th(' fifth n(‘rv(‘ r(‘sts. Tin* fossa is limited IxOiind by th(‘ 
gi' 0 (»vcs for the lateral sinus(‘s. In its cxmtri* is the foramen maf/num, on 
either side of which is a- rough tu[)erclc for tlu^ attachnauit of the lat(‘i‘al 
(xlont-oid or check ligaments ; a litth'. abov(' this tuix rch' is th(‘ anterior 
condyloid foramen, winch tiiinsmits th(‘ hypoglossal nerve and a mcning(‘al 
branch from the ascending pharyngeal arti'iy. In front of tla^ foramen 
magnum th<' basilar proc(*ss of tin* occipital and the ])ost(‘rior part of tin* bf)dy 
of the splienoid form a grooved surfa(*e which siijiports the medulla oblongata 
and pons Varolii : in tlu^ youTig skull these* bones arc joiiU‘d by a synclion- 
drosis. This grooved surface* is se‘])arate*d em eit he*r siele* fremi t he pe*trous pe)rt iem 
e)f the tcmj)e)ral by the* petro-occipital fissure, which is eie-cupiexl in the* re‘ce*pt 
state*- by a ])late of e*artilage. This fissure is e*ontinuous bchinel w ith the* jugular 
fenamen, and its margins are* groove*el for the* iufe*rior petrosal sinus. The 
jmjular foramen is situaUnl betwe*cn the? iate*ral ])()rtiem ejf the oce*ipital and 
the* pe*trems part- e^f the* temporal. The* antejior j)e)rtie)n e)f this forame*n trans- 
mits the* infeTior petreisal sinus ; the pe)sterie)r, the lateral sinus and se)mc 
me*ninge*al branche*s from tin* oce*ij)ital anel asce*nding pharvng6*al arte*i*ies ; 
anel the* middle*-, the glosse)-])harvnge*al, pne*umogastiic, and spinal acce*ssory 
nerve^s. Above the jugular foramen is the internal auditory meatus, for the 
facial and auditory nerves and auditory artery ; Ixdiind find external to this 
is the* slit-like ope ning leading inte) the aepueductus vestibuli, which le)dges the 
ductus e*ndolym])haticus : while be*iween these, and ne*fir the suporieu* bord(*r 
of the pelious j)e)rtie)n, is a sn)all triangular de‘pression, the re*mains e)f the* 
fe)ssa subarcuata, whie*h loelges a proe'ess of the dura mater and ex*e*-{isionally 
transmits a small vein. Behind the foranK*n imignum are the inferior occipital 
fosstr, wdiiedi suppe)rt the he*misphe*res of the e?c*reb(*llum, se^parateel from erne 
another by the internal occipital crest, whicJi S(a've*s for the attachment of 
the falx eerebeili, and lodges the occipital sinus. The pe)sterie)r fossae are 
surmounted by the* deep transverse* grooves for the lateral sinuses. Each of 


* See*, footnote, page 2:H. 
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these ehunnels, in its passage to the jugrttaV foramen, grooves the occipital, 
the postero-inferior angle of the parietal, the mastoid portion of the 
temporal, and the jugular process of tin? ocjcipital, and ternfinates at the back 
part of the jugular foramen. Where this sinus grooves the mastoid portion 
of the temporal, the orifice of tin? mastoid foramen may b(i seen : and, 
just pn?vious to its termination, the 'posterior comhjloid foramen op(»ns into 
it ; neither foramen is constant. 

The Nasal Foss.e 

The nasal fossae are two irnigular cavities, situated one on eitlier side? 
of the middle line of the face, extending from the base of the cranium to the 
roof of the moiitli, and separated from each otlier by a tliiri vertical septum. 
Tliey open on tin? face through the pcar-shapcul anterior nasal aperture, and 
communi(jate belli nd with the nasal part of the pharynx by the posterior nares 
or choanm. They are much nai-rower abovt^ than bellow, and in the? middh? 
than at tlieir anterior ot* posterior openings : their depth, which is considerable, 
is gr(?atest in tla‘ middle. Tliey eomrnimieate with tfie frontal, ethmoidal, 
sphtmoidal, and maxillary sinuses. Each fossa is bounded by a Toof, a floor, 
an inner and nn outer wall. 


Fio. — ^Tniiei* wall of left nasal fossa. 



The roof (figs. and :{44) is horizontal in its central part, l)ut slopes 
downwards in front and behind ; it is formed in front by the nasal bones and 
nasal spine of the? frontal; in tin? middh?, by the (uibriform jdate of the 
<?thmoid; and behind, by the body of tJie sphenoid, t he sphenoidal turbinated 
bones, the ala of the vomer and the sphenoidal process of the palate-bone. The 
cribriform plate of the ethmoid jnesents the foramina for the olfactory nerves ; 
on the posterior part of the roof is the? opening into the sphenoidal sinus. 

'file floor is flattened from bcfoi-(? backwards and concave from side to side. 
It is formed by the palatal pj‘oiu\sses of th(? maxiUa and palate; near its 
anterior extremity is the opening of the incisor foramen. 

The inner wall, or septum nasi (fig. 3411), is frequently deflected to one or 
other side. It is formed, in front, by the crest of tlie nasal bones and nasal 
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spine of, tteft frontal ; in the middle, by tlio perpendicular plat(i of the ethmoid ; 
beli&d,, by the vomer and rostrum of the splumoid ; below, by the crest of 
the%;^ii^l0ji ])alate bones. It presents, in front, a large, triangular notch, 
wlii^^(Sei^ the septal cartilage of the nose ; and behind, the free edge of 
the vomeVC Its surface^ is marked by numei’ous furrows for vessels and nerves 
and by the groove for the naso-palatine nerve, and is traversed by sutures 
connecting the bones of which it is formed. 

The outer wall (fig. 1144) is formed, in front, by the frontal process of the 
maxilla and by the lachrymal bone: in the middle, by the ethmoid, maxilla 
and inferior turbinated bones ; behind, by the vertical plate of the palate-bone, 
and th(^ internal pterygoid plate of the splnmoid. This surface presents three 
irregular longitudinal passages, termed the superior, middle, and inferior 
meatuses of the nose. The supernyr meatus, the smallest of the three, occupies 
the middle third of the outer ^^all. It lies between the superior and middle 
turbinated proct^sses of the ethmoid ; th(; sjiheno-palafmc foramen opens into 


Fm. .‘{44. — Roof, floor, and outer wall of left nasal fossa. 
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it behind, and the posterior ethmoidal cells in fiont. The sphenoidal sinus 
ojums into a recess, the spheno-ethmoidal receas, wliich is placed above and 
behind the superior turbinated proe(^ss. The middle meatus is situated between 
the mi(Idl(‘ tiirbiii{it(‘d jn'oeess and the inferior turbinated bone, and extends 
from th(* anterior to tlie posterior end of tlie hitter. It presents in front the 
orifice of the mfundibuJum, by wliich the middh* meatus eommunicat.es with 
the frontal sinus and anterior ethmoidal cells. The infundibulum leads 
downwards into a eul•^'<‘d groove, tlie hiatus semilunaris, in the posterior part 
of which is s(hmi tin* orifice of the antrum of Highmore. In a considerable 
percentage of skulls the antral orifice is duplicated, the second ofiening being 
usually situated behind the hiatus. Above the hiatus semilunaris is a smooth 
convex surface — the bulla ethmoidalis — on ^^'hich the middle ethmoidal (;ells open. 
The inferior meatus, tliC' largest of the throe, is the spaee bcilween tluj inferior 
turbinated bone and the fioor of the nasal fossa. It extends almost the entire 
lengtJi of the outer wall of the nose, is broader in front than behind, and presents 
anteriorly the lower orifice of the canal for the nasal duct. 
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The antprior wisal aperture is a heart-shaped or pyriform opening, whose 
long axis is vertical, and narrow extremity upwards. This opening in the recent 
state is mucJi cjontracted by the cartilages of the nose. Itds bounded above 
by the inferior borders of the nasal bones ; laterally by the thin, sharp margins 
which separate the facial from the nasal surfaces of the maxillse ; and below 
by the same borders, where they slope inwards to join each otlier at the 
anterior nasal spine. 

The posterior nares or choancE are each bounded above by the under surface 
of the body of th<^ sphenoid and ala of the vomer ; below, by the posterior 
border of the horizontal plate of the palate-bone ; externally, by the inner 
surface of the internal pterygoid plate ; they are separated from each other 
by the posterior border of tlie vomer. 

Differences in the Skull due to Age 

At birth the skull as a whole is large in proportion to the other j)arts of the 
skeleton, but its facial portion is small, and equals only about one-eiglith of the 
bulk of the craniuTu as comparcid with one-half in the adult. The frontal and 
paricital eminences are prominent, and the greatest width of the skull is at the 
level of the latter ; on tlni other hand, the gJabeMas, superciliary ridges; iind mastoid 
processes arc not d(;velopcd. Ossificatioir of ttt6 skull-bones is jiot completed, and 
many of them — e.g. the occipital, temporals, sphenoid, frontal, and mandible — 
consist of more than one pi(ice. Unossified membranous intervals, termed fontanelles, 
arc seen at the angles of the parietal bones ; these fontam^es are six in number : 
two, an anterior and a posterior, are situated in the iniacBe line, and two, an 
antero-lateral and a ])ost(‘ro-lateral, are placed on ei1?fttT‘^ffc. ^ 

The antmor or bregmatic fonianellc (fig. 345) is the largest, and is situated at the 
junction of the sagittal, coronal, and intcrfrontul sututfcs ; it is lozenge-shaped, and 
measurers about an inch and a half in its antero-posterior and an inch in its trans- 

Fio. 345.— Skull at birtli, showing the Kkj. 340. — The lateral fontanelJes. 

anterior and posterior fontanel les. 




verse diameter. The posterior fontaneUe is triangular in form and is situated at the 
junction ot the sagittal and lambdoid sutures. The lateral fovtaneMes (fig. 346) 
are small, irregular in shape, and correspond respectively with the antero-inferior 
and postero-inferior angles of the parietal bones. An additional fontanelle is some- 
times seen in the sagittal suture at the region of the obelioii. The fontanelles are 
usually closed by the growth and extension of the bones which surround them, 
but sometimes they are the sites of separate ossific c(uiires which develop into 
Wormian bones. TIk^ posterior and lateral fontanelles arc obliterated within a 
month or two after birth, but the anterior is not completely closed until the first 
half of the second year ; sometimes it remains open beyond the second year, a 
condition which is usually due to malnutrition in rickets. A knowledge of the 
shape and position of the fontanelles is of service to the accoucheur iu enabling 
him to determine which part of the foetal head is presenting during parturition. 

The small size of the face at birth is mainly accounted for by the rudimentary 
condition of the jav.s, the noii-eruption of the teeth, and the small size of the 
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laaxillary air-sinuses and nasal cavities. At birth the nasal cavities lie almost 
entirely between the orbits, and the lower border of the anterior nasal aperture is 
only a little below.the level of the orbital floor. With the eruption of the milk- 
teeth there is an enlargement of the face and jaws, and these changes are still 
more marked after the second dtmtition. 

The skull grows rapidly from birth to the seventh year, by which time the 
foramen rnagjium and petrous parts of the temporals have reached thcii* full size 
and the orbital cavities are only a little smaller than those of the adult. Growth 
is slow from the seventh year until the approach of puberty, when a second period 
of activity takes place ; this consists of an increase in all directions, but it is 
especially marked in the frontal and facial regions, where it is associated with the 
development of the air-sinuses. 

Oblit(*,ration of the sutures of the vault of the skull takes place as age advances. 
^J'his process may commence between the ages of thirty and forty, and is first seen 
on the inner surface, and some ten years later on the outer surface of the skull, 
'fhe dates given are, howi^ver, only approximate, as it is impossible to state with 
anything like accuracy the time' at which the sutures arc closed. Obliteration 
usually occurs first in the posterior pai-t of the sagittal suture, next in the coronal, 
and then in the lambdoid. 

In old age the skull geneialJy becomes thinner and lighter, but in a small 
proportion of cases it increases in thickness and weight, owing to a hypertro})hy of 
the inner table. The most striking feature of the old skull is the diminution in the 
size of the jaws consequent on the loss of the teeth and the absorption of the alveolar 
processes. This is associated with a marked reduction in the vertical measnremeni 
of the face and with an alteration in the angles of the mandible. 

Sexual Diitekexc’es tx TirE Skull 

Until the age ol puberty tluuv is little, difference between tin* skull of the female 
an.d that of the male. The skull of an adult female is as a rule ]iglit(‘r aud 
smaller, and its cranial capacity about 10 per ccjil. less, than that of tJie male. 
Its walls are thinner and its muscular ridges less strongly mark(‘d ; the glabella, 
superciliary ridges, and mastoid prefeesscis are less prominent, and tlie c()rr(‘sj)onding 
air-sin uses are small or rudimeniary. The upj)er margin of the orbit is shar]), the 
forehead vertical, the frontal and parietal eminences promini'nt, ajid the vault 
somewhat flattened. The. contour of the face is more rounded, tlie facial bones 
are smoother, and the jaws and tlieir contained teeth smaller. From what 
has been said it will be seen that more of the infantile characteristics are retained 
ill the skull of the adult female than in that of the adult male. A well-maikeil male 
or female skull can easily be recognised as such, but in some cases tln^ res]>eetive 
characteristics are so indistinct that the determination of the sex may be difficult 
or impossible. 

Ckaxtologv 

Skulls vary in size and shape, and the term craniology is applied to tin* study 
of these variations. The size of a skull constitutes a good index of the develop- 
ment of the brain which it contained, and is most conveniently arrived at by 
ascertaining the capaciff/ of the cranial cavity. This is accompIisJied by filling 
the cavity with shot and measuring the contents in a graduated vessel. Skulls 
may be classified according to their cajiacities as follows : 

“l. M Icrocephalic, with a capacity of less than 1350 cubic centimetres — 
e.g. those of native Australians and Andaman Islanders. 

2. Mcsocephalic, with a capacity of from 1350 c.cm. to 1450 c.cm. — c.g. those 
of African negroes and Chinese. 

3. Mcgaccphalic, with a capacity of over 1450 c.cm. — e.g. those of Europeans, 
Japiinesc, and Eskimos. 

Ill comparing the shape of one skull with that of another it is necessary to 
adopt some definite position in which the skull should be placed during the 
process of examination. It should be so placed that a line carried through the 
lower margin of the orbit and up})er margin of tlie external auditory meatus is in 
the horizontal plane. The normu3 of one skull can then be compared with those 
of another, and the differences in contour and surface-form noted. Further, it is 
necessary that the various linear measurements used to dtJterininc the shape of the 
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skull should be jnade between definite and easily localised points on its surface. 
The principal points have already been mentioned in the descriptions of the 
individual skull-bones, but are here tabulated for conveniemee pf reference. They 
may be divided into two groups : ( 1) those in the mesial plane, and (2) those on 
either side of it. 

The points in the mesial plane are the : 

Marital 'point. The most prominent point of the chin. 

Alccolar point or prostJnon. Th(‘ central point of the anterior margin of the 
upper alveolar arch. 

Sab-nasal point,. The middhi of the lower border of tlie anterior nasal aperture, 
at the base of the nasal spine. 

Nation. The central point of the fronto-nasal suture. 

(iJafjclla. Tli(^ point in the middh* line at the level of the superciliary ridges. 

Ophnjon. The point in the middle line at the lev(‘l where the temporal lines 
most nea,rly approach eacli other. 

Brvijnia. The meeting point of the coronalfand sagittal sutures. 

Obciion. A point in the sagittal suture on a level with the parietal foramina. 

Lambda. The point of junction of the sagittal and lambdciid sutures. 

(Jrcipital point. The point in th(‘ mi<ldle line of the occipital bone farthest 
from tin* glabella. 

Inion. Tin* external occipital protuben nee. 

Opisthion. Tin* mid-point of tin* posterior margin «)f the foramen magnum. 

Basion. The mid-point of the anterior margin of the foramen magnum. 

'the ])oii)ts on either side of the mesial plane are the : 

(ionion. The outer margin of the angle ol the mandilde. 

Daciffon. The point of union of the antero-superior angh* of the lachrymal 
with the frontal bone and the trontal process of the maxilla. 

Strphanion. The jioini where the temporal line intersects the coronal suture. 

Pterion. The point where the great(*r wing of tin* s|)henoid joins the antero- 
inferior angle of tin* parietJil. 

Auricular point. Tin* ceiitn* of the orifice of tJie external auditory meatus. 

Astcrion. Tin* ])oint ol meeting of the laiulidoid, masto-occipital, and masto 
jiarietal sutures. 

The horizontal circumference of the cranium is measured in a ])lane passing 
through the glabella (Turner) or the o])hryon (Klower) in front, and the occipital 
])oint behind ; it av(*rages about twenty inches (fiO cm.) in the female and twenty- 
one inches (52*5 cm.) in the male. 

Tin* oeeipito/rontid or lorajdudinal are is measured from the nasion over the 
middle line ol the vertex to the opisthion ; while the basi-nasal Icrajth is the 
distance between the basion and the nasion. d'hese two measurements, plus 
the antero-posterior diameter of the foramen magnum, rei)resent the vertical 
eirevnArrene* of the cranium. 

Tin* lentjlh is nn'asured from the gla,b(*lla to the occipital point, while the 
breadth or greatest tiansv(*rse diameter is usuallv found near the external auditory 


meatus. The iiroportion of breadth to length 1^^^) j.j termed thr 

cephalic index or index of breadth. 

The hci(jht is usually measured from the basion to tln^ br(*gma, and the pro 

portion ol height to length 0^^ constitutes the vertical or height index. 

length 

In studying the fac(^ the principal points to be noticed are the proportion of its 
length and breadth, the? shape of the orbits and of the anterior nasal aperture, and 


the degree of proj(;ction of the jaws. 

The length of the face may be measured from the ophryon or nasion to tin* chin, 
or, if the maiulible be wanting, to the alveolar point ; wdiile its width is represented 
by the distance betw'(x‘n the zygomatic arches. By comparing the length with 
the width of the face, skulls may be divided into two groups : dolichofacial or 
leptoprosope (long-faced) and brachyfacial or chamoprosopc (short-faced). 

The orbital index signifi(*,s the proportion which the orbital height bears to the 
orbital width, thus : 


orbital height x 1(X) 
orbital width 
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The nasal index expresses the proportion wliicli the width of the anterior nasal 
aperture bears to the height of the nose, the latter being measured from the nasion 
to the lower margin, of the nasal aperture, thus : 

nasal width x 1(X) 
nasal height 

The degree of projection of the jaws is determined by tln^ gnathic or alveolar 
indeXy wlii(*li re2)resents the proportion between the basi-alvcoiar and basi-nasal 
lengths, thus : 

basi-alveolar length x J (K) 
basi-nasal length 


The following table, modified from that given by Duckworth,* illustrates how 
these different indices may bo utilised in the classification of skulls : 


In I nix 


Cl ASST KIC ATION 


Nomknclatuuk 


Examples 


1. Cephalic 


2. Orbital 


3. Nasal . 


4. Cnathic 


Below 75 . . . ’ Dolichocephalic 

Between 75 and 80 i Mesaticephalic 
Above 80 . . . Brachycephalic 


Below' 84 . . . Mioroseme 


B(‘t\veen 84 and 89 Mesoserne . 
Above 89 . . Megaseme. 

Below 48 . . . Leplorliine 

Betw-een 48 and 53 Mesorhiiie. 

Above 53 . . . Platyrhiue 


Kaffirs and Native 
Australians 

Europeans and 

Chinese 

Mongolians and 

Andamans 

Tasmanians and 
Native Austra- 
lians 

Europeans 

Chinese and 

Polynesians 


Europeans 
Japanese and 
(ffiinese 

Negroes and Native 
Australians 


Below' 98 . . . 

Between 98 and 103 

Above 103 . 


Oi’thognathous . 
Mesognathous 

Prognathous . 


Europeans 
Chinese and 

.1 apanese 

Native Australians 


Surface Form. — The various bony promineri(;es or landmarks which are easily felt 
and recognised in the head and face, and which afford tlie mt'ans of mapping out the 
important structures coini)rised in this region, are as follows : 


1. Supra-orbital arch 

*2. Internal angular ])roccss. 

3. External angular process. 

4. Zygomatic arch. 

5. Mastoid process. 

(j. External occipital protuberance. 

7. Sij])erior ourvt*d line of occipital bone. 


8. Parietal eminence. 

9. I’emporal ridges. 

10. Frontal eminence. 

1 1 . Superciliary ridge. 

12. Nasal bone. 

13. Lower margin of orbit. 

14. Mandible. 


1. Tlio snprn-orhihil turh can b» felt throughout its entire extent, covered by the 
eyebrow. It forms thi* uppt'r boundary of the circumference of the orbit and separates 
the face from the huehcad. It terminates internally at the root of the nose, in the internal 
angular proccHS which articulates with the lachr^'^mal bone and frontal process of the 
maxilla, and externally in the external angular prucesu which articulates with the malar 
bone. At the junction of the inner and middli‘ thirds of the arch, a slight interruption 
ill the outline may sometimes be felt ; this is the supra-orhital notch. When the notch 


* AfnrpJio/of/i/ and A nthropolupn. by \V. li. II. Duckworth, M.A., Cambridge University Press. 
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is converted into a foramen, the interruption does not exist. A line carried from this 
notch or foramen dov^mwards over the face, to the second bicuspid tooth of the mandible, 
passes over the infra-orbital and the mental foramina, and thus, constitutes a guide 
to the points of exit of the throe largest cutaneous branches of the fifth cranial nerve. 
In the less civilised races, as liio forehead recodes backwards, the supra-orbital arch 
becomes more prominent and approaches more to the condition seen in the monkey tribe, in 
which the supra-orbital arches are very largely developed and acquire additional promi- 
nence from the oblique direction of the frontal bone. 2. The internal angular process 
can scarcely bo felt. Its position is indicated by the angle formed by the supra-orbital 
arch with the frontal process of the maxilla and the lachrymal bone at the inner side of 
the orbit. Between the internal angular processes is a broad surface, which assists in 
forming the root of the nose, and immediately above this an expanded, smooth, somewhat 
triangular area, the glabella, situated between and connecting the superciliary ridges. 
3. The external angular process is much more strongly marked than the internal, and can 
be plainly felt. It is formed by the junction of the supra-orbital and temporal ridges, 
and, articulating with the malar bone, it serves to a very considerable extent to support 
the bones of the fa(!e. In carnivorous animals the external angular process does not 
articulate with the malar, and therefore this later^ support to the bones of the face is not 
present. 4. The zygomatic arch can be felt throughout its entire length, and is formed by 
the malar bone and the zygomatic process of tlie temporal bone. Its anterior part is 
broad, and (jonstitutes the prominence of th check ; its posterior part is narrow, and 
lermirjalcs just in front and a little above the tragus of tlio external ear. Its upper border 
may btj Iractjd backwards, as the jMisterior root, above tlu^ tragus and the external auditory 
meatus to join the posterior part of the lowtu* temporal ridge, forming the supramastoid 
crest. A spot in this line, immediately in front of thi^ upper border of the tragus and 
between it and the condyle of the mandible, is known as the pre-auricular point, lliis is an 
important landmark, since the temporal vessels and the auriculo-temporal nerve cross 
it, and tw i> inches vertically above it is the lower end of the fissure of Rolando. The lower 
border of the zygomatic arch is more plainly to ho felt than the upper, m conscqiioncis of the 
dense tem[)oral fascia being attached to the latter, which somewhat obscures its outline. 
5. Behind the car the mastoid portion o f the temporal bone can be plainly felt, terminating 
below' in a nip[)ltj-shapcd i>roccss. Its anterior border lies immediately >)(»hind the 
concha, ana its apex is about on a level with the lobule of the car. It is rudimentary in 
infancv» but gradually develops in childhood. 0. The external occipital protuberance 
{in ion] can be felt at the level where the skin of the neck joins that of the head. At this 
point th(! skull is thick for the purposes of safety, while radiating from it are numerous 
curN'(*d arches or buttresses of bone w'hich give to this portion of the skull further secairity. 
7. Running outwards on either side from the external occipital protuberance is an arched 
ridgc' (»f bone, the superior curved line, which gives attachment to some of the musi*les 
which keep the head meet on the vertrdiral column. Below this line the surface of 
boru' is obscurcHl by the overlying muscles, except in the middle, w^here the external 
occipital (;ri;st can generally be felt at the bottom of the nuchal furrow'. Above' it, the 
vault of the cranium is thinly covered with soft structures, so that the form of this part 
of the head is almost tixactly that of the upisu* portion of the occipital, the parietal, and 
the frontal bones theinsclvcs ; in bald persons, even the lines of junction of the bones 
(especially that of the (xcipital and parietals at the lainbdoid suture) may be defined 
as slight dcqrrcssions, causc'd by the thickening of the borders of tlu^ bones. 8. Near the 
line ol the greatest transverse diameter of the head ari? the 'parietal eminences, om; on 
eitlicr side of the middle line ; they denote the points where ossification of the parietal 
bones b(*gan. The jjariidal eminence is particularly exjioscd to injury from blows or falls 
on the head, but fraidurc is to a certain extent prevented by the shape of the bone, 
which forms a dome, so that, the force of the blow' is dilluscd over the bone in every 
direction. 9. At the side of the head is the temporal ridge. Commencing at the external 
angular process, it may be felt as a curved ridge, passing upwards on the frontal bone, 
and then curving backwards, separating the forehead from the temporal fossa. It may 
then lie traced, in a curved direction, over the imrietaJ bone, where, though less marked, 
it can generally be re(?ogniscd. Finally, the ridge curves downwards and forwards, and 
terminates in the posterior root of the zygoma. 10. Tlie frontal eminences vary in 
prominence in different individuals, and arc frequently unsymmetric^al. Their prominence 
depends more upon the general shape of the bone than upon the size of the eminences 
themselves. As the skull is more highly developed in consequence of increased intolloctual 
capacity, so the frontal hone l)e(;oines more upright, ilhd the frontal eminences stand out 
in boldei* relief. Thus they may bo considered as affording, to a certain extent, an 
indication of the development of the fronlal lobes of the brain, and of the mental powers 
of the individual. 11. Belowr the frontal eminences are the superciliary ridges, which 
denote the position of the frontal sinuses, and vary in different individuals, being, as a 
rule, small in the female, absent in children, and sometimes unusually prominent in the 
male, when the frontal sinuses are largely developed. The degree of prominema' of the 
superciliary ridges is not, however, necessarily dependent on the size of the frontal sinuses, 
for largo sinuses may be present in coses where there is but little clevaticm of the ridges, 
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aiid|^' the other hand, strongly marked ridges may be associated with small air-sinuses. 

^ commence on either side of the glabella, and hero present a rounded form, which 
^aduaUy; fades away^at their outer ends. 12. Ilie misal hones form the prominence of 
the nose. They vary much in size and shape, and to them is duo the varieties in the 
contour of this organ and much of the character of the face. 1 3. The lower margin of the 
orbit, formed by the maxilla and malar bone, can be felt throughout its entire length. It 
is continuous internally with the frontal process of the maxilla, and at their point of 
junction is a little tubercle, which serves as a guide to the position of the lachrymal sac, 
which is situated abovt? and behind it. 14. The outline of the mandible can be felt 
throughout its entire huigtli. Just in front of the tragus of the external ear, and below 
the zygomatic arch, the condyle can be made out. When the mouth is oj)ened, this 
fu'omincnce of bone advances out of the glenoid fossa on to the eminentia artieiilaris, and 
recedes when the mouth is closed. From the (jondyle llu* j)(>stcrior border of the ramus f‘an 
be followed down to the angle, and from (he angle to the symphysis menti the lower 
rounded border of the body of the bone is plainly to be felt. At the point of junction of 
the two halves of the bone is a well-marked triangular eminence, the mental process, which 
forms the prominence of the chin. 

Applied Anatomy . — Occasionally a protrusion of the brain or its membran(*s may 
take place through one of the sutures, owing to non-closure. When the protrusion con- 
sists of membranes only, and is filled with ccrebro-spinal fluid, it is (railed a meningocele ; 
w'hcn it consists of brain as w'(*ll as membranes, it is t(*rmed an ence phalocele. These 
malformations arcr usually found in flu* middle line, and most frecjiumtly at the back of 
the head, the protrusion taking place' between the centres of ossification of the tabular 
[)orti()n of the occipital bone (see page 217). Tlwry gimerally occur through the upptu* 
part of the vertiiral fissurir, which is the last to ossify, but not uncommonly through the 
lower part, when the foramen magnum ftiay be incomplett*. More rarely these protrusions 
are met with in other situations, as in (he sagittal, lambdoid, and other sutures, or through 
abnormal gaps and deficiemries at tlu* sid(»s or base of the skull. 

The chief function of the skull is to prot('ct the brain from any form of violence to which 
it may be 8ubj(*ctt*d. Wt* find, therefore', that those portions of the skull which an* most 
ex})osed to external vioh'fKje art' thi(;k('r than those which are shielded from injury by 
overlying musch's. 'I'hus, tin* skill I -ca]) is thick and dc'iise, w hereas the scpiamous porlion 
of the temporal bone, being protected by the temporal muscle, and the inferior occipital 
fosrfa*, being shieldi'd by the muscles at the back of tin* neck, are thin and fragile. Fracture 
of the skull is furtlu'r pn'ventc^d by its elasticity, its rounded shape, and its construction 
of a numb(*r of siicondary ('lastic an^hes, each niadi* up of a single bone. The manner in 
w’hich vibrations arc transmitted through the bones of the skull is also of iinjiortanci* as 
regards its proti'ctive mechanism, at all events as far as the base is concernt'd. In the 
vault, the bon(‘s being of a fairly ccpial thickness and density, vibrations are transmitted 
in a uniform manner in all directions, but in the base, ow’ing to the varying thickness 
and density of thi' bones, this is not so ; and theri'fore in this situation then' are 
special buttresses which serve to carry the vibrations in ci'rlain definite directions. At 
thi* front of the skull, on eitlnu' sid(% is the ridge which si'parates thi' anterior from the 
middle fossa of the base ; and behind, the ridge or buttri'ss which si'parates the middle 
from the ])Osterior fossa ; and if any violence is a})])lied to the vault, the vibrations would 
bt' carried along these buttresses to the s('lla turcica, where they meet. '^Fliis jiart has 
b(*,('n termed th(' ‘ centre ot resistance,’ and h(u*e there is a special protective mechanism 
to guard th(‘ brain. The subarachnoid s])ac(^ is dilated, and the increased quantity of 
(rcrcbro-sj)inal fluid acts as a water-cushion to shii^ld the; brain from injury. In liki^ 
manner, when violence is ajiplied to the base of tht' skull, as in falls upon the feet, the 
vibrations are cari-ied backw^ards through the occipital crest, and forw^ards through the 
basilar process and body of the sphenoid to the vault of the skull. 

Fractures of the skull are b(5St considered as affecting either the vault or the base. 
Fractun's of the vault may, and geruirally do, involve the Avhole thickness of the bone ; 
but sometimes the inner table only may be fraidiired, and portions of it driven inwards. 
As a rule, in fractures of the skull, tlu* inner table is more splintered and comminuted 
than th(‘. outer, and this is due to several causers. Tt is thinner and more brittle ; the 
force of the violence as it jaisses inwards b(*com('s broken uj). and is more diffused by 
the time it rea.ches the inner table ; thi* bom? being in the form of an arch bends as a whole 
and spreads out, and thus ju’csses the particles togi'ther on the convex surface ot the 
arch, i.e. the outer table, and foret's th(*m asunder on the conca\’(* surface or inner 
table ; and, lastly, there is nothing firm iindiu’ the inner table to support it and oppose 
the force. Fra( turcs of the vault may be simple fissures, or may be starred and commi- 
nuted, and thii fragments may be dejm'ssed or eh'vated. Cases of fracture with elevation 
of the fractured jrortion arc uncommon, and can only be produced by direct wound. In 
comminuted frruiture, a yrortion of the skull is broken into several pieces, the lines of 
fracture radiating from a centre where the chief impact of the blow was felt ; if the 
fracture is also depri'ssed, a fissure circumscribes the radiating lines, enclosing a portion 
of the skull. If this area is circular it is termed a ‘ pond ’ fracture, and would in all 
probability have been caused by a round instrument, as a life preserver or hammer ; if 
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elJiptical in shape it is termed a ‘gutter’ fracture, and would owe its shape the 
instrument wliich liad produced it, as n poker. Fracture of the outer table alone^’fcdilbt 
oeeum in the region of the frontal sinuses where the two tables are completely wga^rMed. 

Fractures of the basc^ of the skull may be produced by indihet or direi^t^ivlmce, 
I. In cases of the former class the violence is applied to the vt'rtcx or some part of the 
cranial convexity, as when a yierson falls from a heioht on to his head and a fracture 
of the base results. Ihe mechanism of this form of fracture was formerly explained by 
the doctrine of cvntre-cov p, i.e. that the forc^e was transmitted from one side of the skull 
to the other ; but this idea is now comjiletely exploded, and there are at the pr(‘sent day 
two theories as to mode of causation of these fractures, {a) According to Aran’s theory 
of irradiation all fraidurcs of the base are produced by a fissure, which starts from the 
point of injury and radiates to the base. Ihcrc can be little doubt that many oases of 
fracture of the base, especially of the middle fossa*, arc caused in this way, but it is 
insufficient to explain all, since instances have been met with of fracture (»f the base of 
tile skull in which there has been no fracture of tin* vault, (b) To explain those cases, 
another tluMirv, known as the compreanion. ov hnrfttituj theory, has been suggested. If a 
hollow, elastic sphere is compressed Irom above dfOMiwards, it will bulge laterallv. and, if 
the c.omprossion is sulficient, it will eventually burst in the situation wh(*re it bulges. 
Now, the skull is an elastic sphewi, and when eomiircssion is applied to it, its diain(!t(T 
will be reduced along the line of greatest pressure* and will therefore be increased in other 
directions, and may iiiereasc to such an oxter t that bursting occurs. In a hollow elastic 
spheri* oi uniform thickness, the bulging and siibse({ui*iit hursting take place at the 
equatorial lino midway between the two points of compression ; but tlu* skull is not of 
uniform thiekness, and therefore the bulging and subsccpieni ijurstiiig lake place at the 
w eakest i)art. 

TI. Direct violence ap])lif‘d lo the base of the skull may eaiisi* fracture in several dilTereiit 
ways : by the impact of the v('rt(*bral column against the condyles of the occij)ital bone, 
in falls on tlie buttocks or f(*et ; by the condyle of the lower jaw being driven against 
the glenoid fossa, in blows or falls on the chin ; by the thrusting of a pointed instrument 
through Ihe orbit or iiost* : by gunshot wounds through the mouth ; and by a fall 
or a stab on the back of the head. 

In tlu* majority of cas(*s of fracture of the base, tlu* fracture is compound. In the 
anterior fossa, if the fissiin* (*xtend across tlu* cribriform plate, the nasal mucous 
inenibrane is usually torn and tlu* fracture rendered comjiound into tin* nose. In* the 
middle fossa, tlu* fracture* usually opens up tlu* tym])jinic (*a\ity, and if the membrana 
tvmpani be torn, the fracture is compound, ria tlie external auditory meatus. Continued 
bleeding from tlu* nose or ear is one of the most constant svinptorns in these eases. 

I’lit^ most coninion plac(‘ for fra(*ture of the base to occur is through the middle fossa, 
and here tlu* fissure* usually takes a fairly definite course. Sttirling from tlu* point struck, 
w'hich is gi^nerally somewiieri* in the iU‘igbbourlu)od of the parietal eminen(*e, it runs down- 
w'ards through the parietal and the sfiuamous portion of the. tcmiioral and a(*ross the 
jieti'ous |K>rtion of tliis bone, Jicsquentiy traversing and implicating the internal auditory 
meatus, to the middle lacerated foramen. From this it may j)aKs acro.ss th(* body of 
tlu* sph(*noid. through the pituitary fossa, to tlu foramen lacerum medium of the 
otlu*r .side, and may indeed travel round the whole cranium, so as to completely separate 
the anterior from the posterior part. The course of the fracture should be borne in mind, 
!is it explains the symptfuiis lo winch fractun* in this legion may give rise : thus, if tlie 
(issun* |)ass across the internal auditory meatus, injury t(^ the facial and auditory nerves 
may result, with (jonsequent facial paralysis and dcafne.ss ; or the tubular })rolongation 
of tlu* ara(!hnoid around lliest* nerves in the meatus may ho torn and thus jiermit of the 
eseupc of the eerebro-spiiial fluid should there he a communication between the internal 
ear and the tympanum together willi lupture of the mi*mbrana tymjiani, as is frequently 
the ease : again, if tlu* fissure })ass across the pituitary fossa and the raueo-jicriostciim 
covering the under surface of the body of the s])henoid is torn, blood will find its way 
into the ]>harynx and be swellowod, and after a tiiiu? vomiting of blood w'ill result. 
Fra(*tiires of the anterior fossa, involving the bones forming the roof of the orbit and 
nasal fossa, are generally tluj result of blows on the fnri*head ; but fracture of the cribriform 
plate of the ethmoid may bo a (*omplicatioTi of frat*.ture of the nasal bone. When the 
fracture implicates the. roof of tlu* orbit, the blood finds its way into this cavity, and, 
travelling forw'ards, ajipears as a su beonjunctival e<H*}iymosis. Tf flic roof of the nasal fossa 
be fractured, the bloocl escapes from the nose. In rare cases tht*re may be also escape of 
cerebro-spinal fluid from the nose, should the*, dura mater and arachnoid have been torn. 

In fractures of the posterior fossa, extravasation of blood may apjiear at the nape of 
the neck, beneath the muscles attached lo the superior curved line of the occipital 
bomj. 

Diseasen of the Skull. — An inflammatory condition affecting the bones and the peri- 
cranium together is generally caused by septic infection either of a scalp wound, exposing 
and bruising the bone, or of a compound fracturi*, and is termed 8cj)tic osteomyelitis. 
Occasionally it may occur independently of injury, and then follows the same ijoiirso, nnd 
is due to the same causes, as acute infective osteomyelitis in the long bones. 
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The moHt common chroDic diBoase of the skull ia due to syphilis. In acquired syphilis 
the diRease usually occurs as nodes, which arise most commonly in the pericranium, but 
may also arise in the diploe, or more rarely on the inner surface of the skull. The formation 
of gummata under the periosteum generally lends to caries, which may be either limited 
if the gumma is localised, or widespread if the gumma is diflusc. The caries is often 
complicated by necrosis, for a condition of sclerosis is frequently set up in the surrounding 
bone, and the vessels in the Haversian canals become compressed and the vitality of the 
bone is interfered with ; hence we often find a central necrosing area surrounded by a 
zone of caries. Large carious sequestra may bo thrown off after prolonged suppuration, 
leaving considerable areas of the dura mater exposed. A common result of syphilitic 
disease of the skull is the production of large hard masses of bones on its surface, which 
give it a tubcrculated a])pearanc<? ; in other cases, the skull j)rescnts a curious worm-eaten 
appearance ; this is due to the fact that the osteogonetic powers of the pericranium arc 
small and the formation of bone on the surface slight. Tn hereditary syphilis, in addition 
to the formation of gummata. which are usually of the subperiosteal variety, atrophic 
or hypertro])hic changes may take place. Tn the atrophic cases the bone becomes abnor- 
mally thin, or even j)crforated, generally where tlicre is juessuro, as from the pillow or 
nurse’s arm. Hence they are usually met with in the parietal bones or vertical plate of 
the occiput. I’his condition is known jis craniotabes, and may also occur as a consequence 
of rickets ; it gives rise to a peculiar sensation known os that of ‘egg-shell crackling* 
when the affected bones, reduced to a membranous or parchment- like consistency, arc 
palpated. In the hypertrophic cases, a deposit of porous bone takes place around the 
anterior fontanelle in the parietal and frontal bones ; these de])osits arc separated by the 
coronal and sagittal sutures, and give to the skull an appearance? like a ‘ hot cross bur.’ 
They are knowm us Parrot's nodes, and such a skull has received the name of the ‘ hot 
cro.ss bun ’ skull. 

The most common tumours (»f the skull are the f)stcomata and the sarcomata. The 
osteoma is generally tin? ivory exostosis, though cases of spongy exostosis do occur. 
Sarcomata of the skull may arise either from the pericranium or the diploe, but it is 
usually imj)ossible to distinguish elinically Ixitw'ocn the two. (Carcinoma, if it occurs in 
the skull, is alw'ays seeondury to can<*er m some other part of tlie body. 

Mypertrophie changes occur in tJie sKull in ostitis deformans, acromegaly, Icoritiasis 
ossea, and in rickets, in these latter cases the skull becomes enlarged from the formation 
of periosteal outgrowths of soft pumice-like osteoid tissue on the outer side of the skull. 
These deposits are very ri(*h in blood-vessels, and ortsur between the ridges of the. cranial 
bones and their centre's of ossification, and are symmetrically arranged — often about the 
anterior fontanelle. Thi? anterior fontanelle itself, instead of closing bctw'oen the IStli 
and ‘24lh months, as it normally does, remains patent in rickets until tlu^ third or even 
the sixth year. The general shape of the skull alters. The forehead is high and square, 
with ])romincnt frontal eminences, and the head tends to be (‘ubieal or box-shaped, whcrcjas 
in hydro(;ephalus it is rather globular ; the enlargement of the head in rickets appears 
to bo greate.r than it really is ))eeausc? the development of the facial bones is retarded. 
Tlu? base of the nose may appear sunken, from retarded d(?volo|)mont of the basis cranii. 
In marked oases of ricket^s tliesc changes in the shape of the skull are permanent. In 
cong<*niLal hydrocephalus, or eiilargeineoit of the head due to the pr(?sen(;c of oxtjcss of fluid 
in the ventricles of tlie brain, the cranium beeom(?H globular, and its bones arc thin and 
atro]»hic. Often they are widely se})arated, the intervening '“ontanellos being much 
enlarged and partially tilled in by numerous Wormian brm(*s ; tlie atrophy of tlie cranium 
and brain may bo so extreme that the light of a candle, may be? plainly visible through 
the whole Ihiekness of the enlarge^ head. 

The head may be abnormally small (microeephalus) witli pri'inature ossilieation of 
its sutures, a condition usually associated with idiocy. Linear craniotomy, or the 
excision of a strip of bom; on either side of the nu'dian line, luis lx?on proposed as an 
o])erati(»n likely to improve the jiatient’s i^ntal development by allowing room for 
the growth and expansion of the brain. Uiifoitunately in these cases the brain always 
shows imperfect or jnematureJy arrested development, so that tlie operation is foredoomed 
to failure ; in addition, premature f>ssification of the sutures is not invariably * -esent in 
microeephalus. 

The mastoid antrum, situated in the mastoid portion of the temporal bone, is some- 
times the siMt of supjmration as a result of infection extending backwards from the 
tympanic cavity. In such oases, surgeon has to open the antrum in order to give exit 
to the pus. This he docs by inlroaucing his gouge in the supramcatal triangle (see page 
224). A line is drawn horizontally through the upper border of the bony external 
auditory meatus, and a se(?oiid v* tically through the posterior wall of the meatus, and 
the gouge is applied in the angle where these two lines intersect eacli other ; if the 
instrument be introduced at a higher level it will open the cavity of the skull. It is to 
bo carried in the direction of the external auditor}»^ canal — inwardls, forwards, and a little 
upwards — for the distance of from I to I J cm., when the antrum will be reached. In some 
cases of middle-car trouble, scqilic thrombosis of the lateral sinus takes place, and it 
becomes necessary to tri'phine and explore the sinus. 



DISEASES OF THE SKULL 

In connection with the bones of the face a common malformation is cUJ't palate. The 
cleft usually starts posteriorly, and in its most elementary form may consist simply of a 
bifid uvula ; or the cleft may extend through the soft palate ; or the posterior port or the 
whole of the hard palate may bo involved, the cleft extending as far forwards as the anterior 
palatine canal. In the severest forms, the cleft extends through the alveolus and passes 
between the premaxillary bone and the rest of the upper jaw ; that is to Say, between 
the lateral iiKusor and canine teeth. In somo^stai ces, the cleft has been noticed to pass 
outwards between the central and lateral incisor teeth ; and this has induced some 
anatomists to believe that the premaxillary bone is develojied from two centres (fig. 347) 
and not from one, os was stated in the description of the bone. Tlie mesial, segment, 
bearing a central incisor, is called an ettdognathion ; tlie lateral segment, Ixsaring tlie lateral 
incisor, is called a mesogmJthion ; and the rest of the maxilla is termed the ezogncUhion. The 
cleft may affect one or both sides ; if the latter, the central part is frequently displaced 
forwards and remains united to the septum of the nose, the defii-iency in the alveolus being 
complicated with a cleft in the lip (hare-lip). On examining a cleft palate in which 
the alveolus is not implicated, the cleft will generally appear to be in the mesial line, but 
oc(;asionally is unilateral and in some cases biliiteral. I’o understand this it must be borne 
in mind that three processes arc concerned in the format, ion of the palate — the tw'o jialatal 
j)ro(;esses of the maxillse. which grow in horizontally and unite in the middle line ; and 
the ethmo-vomerinc proci^ss, which grows downwards from the base of the skull and 
fronto-iiasal process to unite with the palatal process in the mesial line. In those cases 
w'hcre the palatal yiroccsses fail to unite with each other and with the mesial process, the 
cleft of the palate is median ; whiMV one jialatal process unites v ith the mesial sejitum, the 
otJier failing to do so, the cleft in the palat>< is unilateral. The right proi^ess is the one 
w^hich usually joins, and the cleft is therefore on the left side. In some cases where the 
[lalatal processes fail to mert in the middle, the (*thmo-vomerine prix^ess grows dowm- 
wards into the cleft and thus produces a bilateral cleft. Occasionally there may be a hole 
in th(', middle line of tlu^ hard palntc, the anterior part of the hard and the s(»fl palate 
being perfeiJt, but this is rare, because, as a rule, tho union of the various processes 
progresses from before backwards, and tbere- 
UiTv. the posterior part of tJic palate is more 
freipiontly defective than the antmior. 

I'ho bones of the fai^e are sorruit'mes fractured 
as Uic i-esuh of direct vioicnije. 'I’hc two most 
commonly broken arc the nasal hone and the 
lnandihl(^ and of these, the latter is by far the 
most frcipiently fractured of all the bones of the 
face. Fra(!ture of the nasal bone is for the most 
part transverse, and takes place* about half an 
inch from the free margin. The broken jMirtion 
may hi* displaced liackvN'ards or moiv generally 
to one side by tlu* fon'c which produced the 
lesion, as there arc no muscles herij which can cause displacement. The malar bone 
is jirohably never broken alone —that is to say, without traeiu.e of some of the 
other bones of the face. The zjigomaHc arch is occasionally fractutvd, and when this 
occurs from direct Anolciice, as is usually the case, the fragments may be displaced 
inwards. Fraistures the maxilla may vary much in degree, from the chipping olf 
ot a portion of the alveolar arch, to an extensive comminution of the whole bone 
from severe vioJeiieo. as the kick of a horse. The most common situation for a 
fracture of the mandible is in the neighbourhood of canine tooth, as at this spot the 
bone is wisakeried by the deep socket for the fang of this tooth ; it is next most 
frequently fractured at thi* angle ; then at the symphysis ; and finally the nock of the 
condyle or the coronoid process may be broken, (iccasiorially a double fraelure may occur, 
one in either half of the hone. Tho fractures are usually comiiound, from laceration of 
the mucous membrane covering the gun.,^. The displacement is mainly the result of the 
same violence as produi^ed the injury, but may hi* further increased by the action of tlie 
muscles passing from the neighbourhood of the symphysis to the hyoid bone. 

The maxilla and the mandible are frequently the seat of lU'crosis ; but the disease 
more often affects tlic lower than the upper jaw. It may bt* tlie result of ficriostitis from 
tooth irritation, injury, or the action of some HjHicific jxnson. as syphilis, or from salivation 
by mercury ; it sometimes occurs in children after »t^eks of the exanthematous fevers, 
and a special form occurs from tho action of the fumci»^f phosphorus in persons engaged in 
the manufacture of matches. In the vast majority of cases, however, it is of dental origin. 

Tumours originate in the jaw-bones not infrequer^y, and may be cither innocent or 
malignant. In the maxilla cysts may occur in the antrum ; or in either jaw' in connection 
with the tooth ; those connected with the roots of fully developed teelh are known as 
dental cysts ; those connected with uneruptod teeth, dentigerous cysts. Malignant 
tumours show a marked degree of malignancy when occurring in the maxilla. 

The maxilla sometimes requires removal for tumours or other conditions. In order 
to remove it, the patient should bo placed in tho recumbent position, in a good light, witli 


Fio. 347.— 'Phe preinaxiJIa and its 
sutures (after Albrecht) 

ICiuhignatliKHi 
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the head and shouldorB just raised. The central incisor tooth on the affected side is then 
extracted. One incision is i)egun just below the inner canthus of the eye and passra 
along the side of the nose, round tlie ala, and flown the middle line of the upper lip 
into tb(i mouth. A 'second incision is made from the commencement of the first, 
along the lower border of the orbit as far us the prominence of the malar bone. The 
flap thus fonued is reflected outwards, so as to expose tlie bone. The periosteum attached 
along the lower margin of the orbit is now to be incised, and with the handle of the scalpel 
the pjuiostcum covering the floor of the orbit is to be raised from the bone ; for in all 
cases it is essential that this fibrous layer should not bo removed. The mouth is now widely 
opened with a gag, and the mucous membrane covering the hard palate incised down 
to the bone in the middle line, and the soft palate separated from the hard. The surgeon 
now proceeds to divide the connections of the bone with the other bones of the face, having 
first separated the ala of th(‘ nose from its bony attacdimcnt. They arc (1) the junction 
w’ith the malar bone, the line of section being carried into the spheno-maxillary fissure ; 
(2) the frontal process of the maxilla ; a small portion of its upper extremity, connectefi 
with the nasal bone in front, the lachrymal bone behind, and the frontal bone above, 
being left ; (3) the connection with opposite? maxilla and with the palate bone in the 
roof of the mouth. The bone is now firmly grasped with lion-forceps ; and by means 
of a roekiim inoveiueiit upwards and downwards, the remaining attachments of the 
orbital plate with the? ethmoid, and of the ba(jk of the bone with the j)alatc, are broken 
throiigli. Ofeasirmally, in removing the upf)er jaw, it will bo found that the orbital ])late 
can be sav(Ml, and this should always be done if possible. A horizontal saw-ent is fo bo 
made just below tlie infra-orbital foramen, and the bone eiit through ui this situation. 


THE EXTREMITTKS 

The cxtreiiiiti(‘S, or lii!il)s, are long, jointed apixuidagt'S of the body, eacli 
of which is eoiiiu'cted to th(‘ trunk l)v oiu' <‘nd, and is free iii tlje rest of its 
extent. Th(\v ar<‘ fovr in nunib(‘r • an nppvr or (honicic pair, eonneet(‘(l with 
the tho7’a?r and .subs(*rvi(*rit inainly to prelKuision ; and a lower pair, connected 
with the VMU'tebial column, int(*iided for su])])ort and loeomotjon. Both pairs 
oi limbs are eonstriieted after one common type, but certain differimees are 
observed between tlie u])per and louer pairs, de])(‘ndeiit on the ])t‘enliar oftiees 
tliey have to p(‘rform. 

'I’he bones by which the u]»p(‘r and lower limbs are attaelied to tiie trunk 
are named rc'spi'cl ivdy tin* shoulder and pelvic oirdhs. The- •nhoulder tjirdle 
(eiiigulum exfremitatis supei'ioris) is formed liy tlu' scapula* and clavicles, 
and is imi)(U’f(‘( t in fi’ont and behind. Jn fiont, liowevc*)*, it is completed ])y 
the upper ('ud of the* sternum, with which tlu* inner extremities of tiu* clavicles 
articulate. Behind, it is wid<‘ly iinpi-rfeet, llu* scapula* fx-irig eonn(‘(?ted to 
the. trunk by muscles only. 'The pelvic tjirdle (eingulum extremitatis infei’ioris) 
is form<*d by the innomiiiab^ boiu-s, whieli arti(;ulate witJi (*acli other in front, 
at the sympliysis pubis. It is impeifect behind, hut the gaj) is filled in by 
the upper part of tbe saeruni. Tlie pelvic girdle* therefore presents, with the 
sjieruin, a com]3l(*le ring:, massive and com])aratively rigid, in marked contrast 
to the litrhtncss and niobilitv of th<^ slumlder girdle. 


BONES OE THE UI>1>EB EXTRKMFrY 
The Ceamcle 

The Clavicle (clavieuila), or collar-hone (figs. :U8 and 349), forms tJu* 
anterior poi tion of th(^ shoulder girdh*. It is a long bone, curved sonicwvhat 
like the italic h‘tter /', and plae(*d iM*arly horizontally at tlie upper and anterior 
part of th<^ thorax, immediately above the first rib. It articailates by its inner 
extremity with tin* upiier end of tbe .sternum, and by its outer with tlie 
axfroniion pi‘ 0 (M*ss of lh<* .sciapula,* It pre.sents a doulile curvature, tlu^ 
convexity being direcl(*d forw'ards at the sternal end, and tlie eoiieavity at 
scapula r en<l. Its out(*r third is flattened from above downw ards, wiiilst its 

♦ The clioicle acts especially as a t'ulcniin to enable the muscles to give lat-eral motion to 
the arm. It is accordingly absent in tliosc animals whose fore-limbs are used only for 
progression, but is present for the most part in animals wliose anterior extremities are 
clawed iind used for prehension, though in some of them — as, for instance, in a large numVjer 
of the carnivora -it is mer<*ly.a rudimentary bone suspended among the muscles, and not 
articulating with either the scapula or sternum. 
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inner portion, consisting of the inner two-thirds, of a rounded or prismatic 
form. 

TJie outer third presents two surfaces, an upi)er and, a lower; and two 
borders, an anterior and a posterior. The is flat, rough, and 

marked by impressions for the attachments ot tlie Deltoid iii front, and the 
Trapezius* behind ; IldftTo n of the boTi e 

The sutj ' uqc , is flat. ATTt?r”p5'§{t’Wftr bdTdfsi'', a lillie 

oxtemal to the point vtdiere flie prismatic joins with the flattened portion, is 
a rough eminence, the c^oid this, in tJie natural position of the bone, 



surmounts the coiacoid j)roccss of tlie scajmla, ?md ntt|Y-hnu-!nt tf) the 

conoid ligamcni. From this tuberc le » or trapezoid 

ridfjr, ])asscs foi u ards and ()uu\ arSf^ iui^ affords ^tachm^Mit 1<> the JLji;^‘Z()r3. 
irga'meiit. Tlu' anterior border is concave, thin, and rough, antTgives aitlScE.- 
lueiiit id live Deltoid ; it frcqucuitly presents, M.t intior pn,|^, a tubercle , J^e 
di'ltoid lahrrclv. The pgslcrior border is convex, rough, thicker t luirnhc interior, 
aiif! i jives atliiclujuMit to Ihc Trapezius. 

tTu* innS^ two-'lhW^^ const itute the juismatic ])()rtion of the bone, whM‘h 
is curved so as to he convex in front, concave behind, and is marked by three 
borders, ser)arating thrt‘(‘ surfaces. The anterior border is (continuous witii 
t lui^a uteri or margin ofjhe Hat ])ort ion . JTiTmi t(‘r ' fVu’t uffr TW ' !4TWW 


Fro. ;34t). -LcK eluvieJe*. Inferior surface, 

( 'aj)> littfr 
hi/ii 'iciil 



(jorresponds to the interval between the attachment of the l^ctoralis major 


inner par t forms . tlic lower boundary of ^ dipt!};, 
space t(^r tlic attacii merit ot tnecuavicular portion of tlie P ^toralis, nwo r^i^ ’ 

the 


oh y and separates the 
Dtfud 


s pa^ ioT thcTattach ment ot n 

i um aji proacHies tlie ])o'sierlor V)(}r^?*Til"f;i'ie boTfe?^ 

(i ontiniious' wi th the posterio r margin of the flat jioi^ 

anteriof^from the posterior surface. Smooth and roll^i.ded externally, it 
bcM'omes rough towards the inntv*r third for the attachment of the Sterno- 
mastoid, and terminates at the uppeu- angle of the sternal extremify.' *Th(^ 

separates the posterior from the inferior 
surface, a nd exteii^ fe cmi tM^coro^ 
it; fo rms tlie nos^rior boui^a^rv o F tfie g fOjp ve lor 

giv esattachment^^a ia'ver'^oy*t y^f‘r fiiS!l' OtQSiilSi^pid.. 
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The anterior irnr/n£R is included between the superior and anterior borders. Its 
outer part looks upwards, and is continuous with the superior surface of the 
flattened portion \ it kamnot^convex, and nearly anheu|^a,np.niy. being 

ctwered on ly by ^^j^he ..|l'miy sma."'" fta ^iBr6y‘Wl1/flfff'''lB"cWH[ecr 

: ajower, elliptical in form, and directed 
forwards, for att^ment omg,Kp^^ "bTOfe .uPPer, for the 

attachment bi tlie l ^rno-cIeido>ma 


is’stedoth, and Idb^S oaclrRISfSs^Jow^ root oi ^tlie neck. limited, 

above, by the superior border ; below, by the subclavian border inte^paJly, 
by tlie^argin of the sternal extremity ; and externally, by the cohbidTubfjrclo. 

Tj. £ ’Xl-i— — 1. 3^ - Ji I-.!- iJ... 1 i. 



Sometimes there are two fommina on tTie pbsterior'surfacc, oFonei 
and another on the inferior surface. The inferior or subclavian surface is 
bounded, in front, by the anterior border ; behind, by the subclavian border. 
It is narrow internally, but gradually increases in width externally, and is con- 
tinuous with the under surfaee of the flat portion. On its inner part is a broad 
rough surface, the rhomboid impression (tuberositas costalis), rather more than 
an inch in lengtli, for the attachment of the p.nafn-elavienlftr or rho^]^ouH 
Jjgameiit. I'he rest of this surface is occupied byT*groove7l8t6d^ 
exkerhaily, narrow and more uneven internally, \vhich gives attachment to the 
Subclayius the c^^sto-cor^eoid membjpaoie., which splits to enclose tJie muscle, 
iJTalfBSciiea t inai^ih^’oTTliire groove. Not infrequently this groov<‘. is 
subdivided longitudinally by a line which gives attachment to the intermuscular 
septum of the Subclavius. 

. The inner or sternal extremity (extremitas stcmalis) of tlie claviide is 
triangular in form, directed inwards, and a little downwards and forwards ; it 
presents an articular facet, concave from before backwards, convex from above 
downwards, which articulates with the manubrium sterni through the inter- 
vention of an int<n'articular fibro-cartilage. The lower part of the facet is 
carried out wards on the inferior surface of the bone as a small semi-oval area 
which jvrticulates with the cartilage of the first rib. The c ircumf of 
the articular surface is rough, for the attachment of numerous ligaments; the 
upper angl(5 gives attachmenfto the interarticular fibro-cartilage. 

The outer oi* acromial extremity (extremitas acromialis), directed outwards 
and forwards, presents a small, flattened, oval facet (facies articularis acromialis) 
which looks obliquely downwards, for articulation with the acromion process of 
the scapula. The circumference of the articular facet is rough, especially above, 
for the attachment of the acromip-clayicular ligaments. 

In tlie female, the clavicle is gencirally shorter, thinner, less curveni, 
and smoother than in the male. In those* persons who perform considerable 
manual labour it becomes thicker and more curved, and its ridges for 
muscular attachment are prominently marked. 

Structure. — The clavic-le consists of cancellous tissue, invested in a compact 
layer, which is much thicker in the middle than at the extremities of the hone. 

Ossification. -The clavicle begins to ossify before any other bone in the body; 
it is ossilied Ironi twt) centres- -viz. a primary centre for the shaft and outer end, 
which appears during the fifth or sixth week of fetal life, and a secondaiy centre 
for th'*. sternal end, whicli makes its appearance about the eighteenth or twentieth 
year, and unites with the rest of the bone about the twenty-tifth vvaxv. 


Surface F>u'ni. 'riu- « laviole can be felt tliroughout its entire length. At the inner 
end, the enlarged sternal extremity, where the bune ])n)jects above the upper margin of 
the sternum, can tie felt, forming with the sternum and the rovimtod tendon of tin* Sterno- 
mastoid a v-shaped notch, tlie •prejuternal notch. Passing outwards, the shaft of (Ik* [)) 
can he defined immediately under the skin, with its convexity forwards in 1],^, ^ 

thirds; the surface is partially obscured above and below by the attachments (*f tli • 'si ^ 
mastoid and Pecjtoralis major. In the outer third it is concave forwaids, and tC 
extemaily Mi ^ somewhat en^rged extremity which articulates with the mTomir * ''^unites 
of the scajiEda. ' The direction of the clavicle is almost, if not quite, liorizont il 




CLAVICLE ^ 

arm is lying quietly by the side, though in well-developed subjects it may inoline'.4^)j^Mlc 
upwards at its outer end. Its direction, however, varies with the varying movemanliS^ 
the shoulder- joint. The clavicle inclines backwards, so that its outer or acromial extremity 
is on a plane posterior to its sternal end. This causes the shoulder t(f be thrown backwards 
away from the thorax. 

Applied AnaJt^y.—The clavicle is very frequently fractured. This is due to the 
fact that it i& miich exposed to violence, and is the only bony connection between the 
upper limb and the trunk, acting as a buttress to keep the point of the shoulder 
away from the thorax. It is, moreover, slender, and is very supeiiicia]. It may be 
broken by direct or indirect violence. The most common cause is, however, indirect 
violence, as the result of force applied to the hand or shoulder, and the bone then gives 
way at the junction of its outer with its inner two-thirds, that is to say, at the junction 
of the two curves, for this is its weakest part. The fracture is generally oblique, and the 
displacement of the outer fragment is downwards, forwards, and inwardis. The deformity 
is mainly due to the weight of the arm acting upon the fragment when the buttress -like 
action of the bone is gone, assisted by the muscles which pass from the thorax to the upper 
extremity. The inner fragment, as a rule, is little displafsed. Beneath the bone the main 
vessels of the upi)er limb and the great ncrvo-cords of the brachial plexus lie on the first 
rib and are liable to be wounded in fracjture, espeiually in fracture from direct violence, 
when the force of the blow drives the broken ends inwards. Fortunately the Subclavius 
intervenes between these stnictures and the clavicle, and often protects them from injury. 

Th«3 clavicle is occasionally the seat of sarcomatous tumoiir.s, rendering the operation of 
excision of the entire bone necessary. This is an operation of considerable difficulty and 
danger. It is best performed by exposing the bone freely, disarticulating at the acromial 
end, and turning it inwards. The removal of the outer part is comparatively easy, 
hut resection of the inner part is fraught with difficulty, the main danger being the risk 
of wounding the great veins which are in relation with its under surface. 

Great deformity of the clavicle may bo mot with in rickets, the natural curvatures, of 
the bone being exaggerated until it takes on an S-shape. 


The 8cj^pui.\ 

The Scapula or shoulder blade forms the posterior jDart of the shoukjer 
girdle. It is a flat, triangular bone, and j)rosents for examination two surfaces, 
three borders, and throe angles. * ^ 

Tlio ventral mrfacc (facies costalhs) (fig- 350) presents a broad concavity, 
Ihe fosm suhscapularia. Th(‘ inner two- thirds of the fossa lare marked by 
several oblique ridges, which are directed outwards and upwards ; the outtn* 
third is smooth. The oblique ridges give attaehment to the tendinous inter- 
sections, and the surfa(!es between them to the fleshy fibres, of the Subscapularis. 
Thqt.outer third of the fossa is covered, the fibres of this muscle. The sjib-^^ 
scapular fossa is separated from the internal border by smooth triangular areas; ~ 
at the superi^ and inferior angles, and in the interval between these by "a 
narrow ridge often deficient. These triangular areas and the intervening 

ridge afi^rd at to the Serratus magiHis. The subseapular fossa presents 

‘I transverse depMPlon at its upper part, where the bone appears to be bent on 
itself along a lirfat right angles to and jiassing through the centre of the 
glenoid cayity, forming a considerable angle, called the si^srak^mlar angle. ; this 
^ves'greator strength to the body of the bone by its arched form, w hile t jie 
sumniil of the arch serves to sup})ort the spine and acromion process’. 

The dorsal sarfaca (facies dorsalis) (fig. 351) is arched from above down- 
wards, and is alternately concave and convex from side to side. It is subdivided 
unequally into two parts by the spine ; the portion above the spine is called 
the supraspinous fossa, and that below it the infraspinous fossa. 

The supraspinous fossa (fossa supraspinata) , the smaller of th(3 two, is 
concave, smooth, and broader at the vertebral than at the humeral extremity. 
■It.,%fIords attachment by its innor two-thirda to the Supraspinatus. 

The infraspinous fossa (fossa infraspiriata) is much larger than the pre- 
ceding ; towards its vertebral margin a shallow concavity is seen at its upper 
part ; its centre presents a prominent convexity, while near the axillary 
border is a deep groove which runs from the upper toivards the lower part. 

two-thuds of the fossa affords attachment to the Infraspinatus ; 
th<‘- outer third is covered by this muscle. 

h The dorsal surface is marked near the axillary border by an elevated 
Edge, which tuns from the ' lower part of the glenoid cavity, downwards and'' 
[mckwards to the vertebial border, about an inch above the inferior angle. 
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ri^e.6erves for tl!ilk.attaclimentx>f <K ^oneurosjsy which separates 
tl^^Iz^raspmatus from the two Teres muscles. The suiface of bone between 
the ridge and tlie^ axillary border is narrow in the upper two- thirds of its 
extent, and is crossed near its centre by a groove for the passage of the 
dorg^is spapulae yesgelg.; it affords attachment to the Teres minor. Its hDwer 
THird'pfeseiits a broader, somewhat triangular surface, which gives origin to 
the Teres major, and oyer whicl^ the Latissimus dorsi, glides ; frequently the 

Fio. 350. — Left scapula. Anterior surface. 

' Coraco-avrtmiiul 

ligament 



latter muscle takes origin by a few fibres from this part. The^ broad and. 
narrow’ portions of bone above alluded to are separated by an yoblique lin^ 
wliicb runs from the axillary border, downwards and backwards, Vo meCt'^o 
elevated ridge : to it is attached the aponeurosis w'hich separates the Teres 
nruscles from each other. 

The. spine, (spina scapulae) is a prominent plate of bone, which crosses 
obliquely the inner four-fSths of the dorsal surface of the scapula at its upper 
part, and separates the supra- from the infra-spinous fossa. It begins at the 
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vert obi al bolder by a smooth, triangular area ov^ 'Q!hkh the tendon of 
mscxtion of the lower pait of the Trapezius glides, and, gradually becoming 
more elevated as it passes out\\ardS, ends in the acromion process, which over- 
hangs the shoulder-joint. The spine is triangular, and flattened from above 
dovnwaids, its apex being directed inwards, its base outwards It presents 
tvo sutfae('s and throe borders. Its mperior <n^rtac( is concave, it assists in 

l^G. 351 — Lett scapula. Posteiioi suilacc. 

( otaro huwnal 

hfjnwnif f oKiio atiounnl hfjatnfjif 



foiming the supraspmous fossa, and aftords attachment to part of the 
Supiaspmatus. Its inferior surface Torms part of the mfraspinous fossa, gives 
oTigin to a poition of the Infraspinatus, and piesents near its centie the orifice 
a ^nutrient canal. Of the tlnce bordeis, the anterior is attached to the^ 
dorsuflf" of tlie bone ; the posterior^ or crest of the spine ^ is broad, and presents 
tv o lips and an intervening rough interval. The Trapezius is attaohoa to the 

V 2 
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superior lip, and^^pugli lubcrcle is generally seen on that portion of the spine 
which receives the tendon of insertion of tlie lower jiart of this inusole. The 
Deltoid is attached to the whole length of tlie inferior lip. The interval between 
the lips is subcutaneous and partly covered by the Icmdinous fibres of those 
muscles. The external border, or base, the shortest of the three, is slightly 
concave ; its (Klge, thick and round, is continuous above with the undersurface 
of tJie acromion process, below with the neck of the scapula. It forms the 
inner boundary of a notch, tlie great scapular fwteh, wliich serves to conned 
the supra- and infra-spinous fossa*. 

The acromion process (acromion) forms the summit of the shoulder, and is 
a large, somewliat triangular or oblong process, flattened from behind forwards, 
directed at first a little outwards, and then curving forwards and ^upwards, 
so as to overhang the glenoid cavity. Its upper surface, directed upwards, 
backwards, and outwards, is convex, rough, and gives attachment to some fibres 
of the Deltoid, and in the rest of its is subcutaneous. Its under surface 

is smooth and concave. : outer border is thick and irregular, and presents 

three or four tub(*rcles for the" tendinous origins of the 

inner border, shorter tlian the outer, is concave, gives attachment to a "^fSortion 
ol the T^ i ^p e zius , and presents about its centns a small, oval surfaeci (facies 
arlimilarSiacr^ for articulating, w^tilk ,the- aoi’omial end of the clavicle. 
Its apex, which correspbudsTcTtlie point of meeting of Ihese two borders in 
front, is thin, and has attached to it the pol:aao-a^e^9liuig^^ 

Of the three borders ol the acapula, superior (margo Superior) is tlie 
sliortcst and thinnest ; it is coneij^e, and extiuids from the superior anglci to 
the liase of the coracoid ])rocess. At its outer part is a deep, semicircular 
notch, tlie sufirascapular notch (incisura scajjula*), formed partly by the base 
of the coracoid process. Tliis notch is converted into a foramen by the 
transverse ligament, and serves fortius passage of the suprasc.ajiular nerve ; 
, :aom(‘timcs tlie ligament is ossified. The adjacent margin of the superior border 
affords .4ttachu]LeUit tp the Omo-hyqid. The external ov axillary border (margo 
axillaris) is the thietkest of the t]u*(‘C. ' It begins above at the lower margin of 


the glenoid cavity, and inclines obliquely downwards and backwards to the 
inferior angle. Immediately below the glenoid cavity is a rough impression, 
intrc^le noi d i ubercle (tuberositas infraglenoidalis) aboyt^^n inch in length, 
affords attaclimoiit to the long liead of the Triceps iT jn front of this is a 


loiigil udinal gi'oove, Avhich exteh^‘as"Tai*’7rs 


its border, and 






*ous alSdve to 

Snfou'cr ])arl, of the tiiangular surface at the base of the sjiine, and below 
to the lower part of the border. 

Of tlie three angles, ]i]\o superior medialis), formed by the junction 
of tlie sutierior and internal borders, is thin, smooth, rounded, inclined some- 
what out\vards, and g^'cs attachment to a few fibres of the Levator anguli 
scapula*. The inferu^r^ngle^ungnlus inferior), thick and rough, is formed by 
the union of tlie vert(‘bral and axillary borders, its outer surface affording 
attachiiKuit to the Teres major and frequently to a few fibres of the Latissimus 
dorsi. The exterjuil angle (angulus laWalis) is the thickest part of the bone, 
and forms wliat is (*alled the head of the scapula. The head presents a shallow, 
j) 3 n’iform, articular surface, the glenoid cavity (cavitas glenoidalis), directed 
outw^ards and forwards. It is broader below than above and its vertical diameter 
is the longest. At its ajiex is a slight elevation, the Isumaalenoid tajhercls. 
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(tuberojsitaK supraglcnoidalis), 

attaclied V' Tho surface is coverdfl^wiHPBBIxUEi^ in the rccenx stax© ; and. its 
niJEtgffis, slightly raised, give attachmont to a fibro-eartilaginous structure, the 
glenoid ligaineifd, whicli deepens the cavity. The neck ot the scapula (colluni 
scaptiTIfeX’trtlie sligh depressed surface which surrounds the head; it is more 
distinct beliind where it forms part of the great scapular nolch^ than in front, 
and below -than above. 

The coracoid process (processus coraeoideus) is a thick curved process 
fittacluul by a broad base to the upper part of tho nock of the scapula ; ^t is 
directed at first upwards and inwards ; then, becoming smaller, it changesHSs" 
direction, and passes forwards and outwards. -The ascending portion, flattened 
fjioiii before backwards, presents in front a smooth concave surface, over 
Avhicli the S ubpc^i, niil ari s |Tlie horizontal portion is flattened from above 

do w nu ards u s u ppcf is eon vox and Irregular, and gives attachment 

Fig. 1552. — Flan of ossification of the scapula. From seven centres. 



<o th e Pectoraljs iniiior \ 'its under surface is smooth ; its inner border is rough, 
and givTs'macIi^^ thV ; i ts outer border is also roagh 

nnra^n-|)(;ynmin.l lirrn.m;^, 

ten3on 




of uie coracoi 
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Ossification (fig. 352).— The scapula is ossified from seven or more centres: 
one for the body, two for the coracoid process, two for the acromion, one for the 
vertebral border, afid one for the inferior angle. 

Ossification of the body begins about the second month of foetal life, by the 
formation of an irregular quadrilateral plate of bone, immediately behind the 
glenoid cavity. This plate extends so as to form the chief part of the bone, the 
spine growing up from its posterior surface about the third month. At birth, a 
large j)art of the scapula is osseous, but the glenoid cavity, the coracoid and 
acromion processes, th(‘. posterior border, and inferior angle are cartilaginous. 
From the fifteenth to the eighteenth month after birth, ossification takes place 
in the middle of the coracoid process, which as a rule becomes joined w ith the rest 
of the bone about the fifteenth year. Between the fourteenth and twentieth 
years, ossification of the rcmiaining parts takes place in quick succession, and 
usually in the following order ; first, in the root of the coracoid process, in the 
form of a broad scale ; secondly, near the base of the acromion process ; thirdly, 
in the inferior anghi and contiguous part of the posterior border ; fourthly, near 
the extremity of the acromion : fifthly, in the posterior border. The base' of 
file acromion })rocess is formed by an outward extension of the spine; the tw^o 
separate nuclei of the proc.(‘ss unite, and then join with the extension from the 
spine. The ujiper third of the glenoid cavity is ossified from a separate centre 
(siibcoracoid), which ma kes its appearance betw^een the tenth and elevejith years 
and joins between sixti^cn and eighteen. Further, an epiphysial plate appears 
for t he low or part ol the glenoid cavity, while the tip of the coracoid process 
frequently presents a se])arat(^ nucleus. These various epiphyses are joined to 
the bone by tin*, twenty-fifth year. Failure of bony union betwH'.en Ihe acromion 
proc(*.ss and spine soim'tiiiK's occurs, the junction being efleoted by fibrous tissue, 
or by an imperfect articulation ; in some cases oJ sup})osed fracturtj of the 
acromion Avith ligamentous union, it is jmibable that the detached segment was 
never united to the rest of the bone. 

• Articulations. — The scapula articulates with the hunjeriis and clavicle. 

Surface Form . — The only parts of the scapula which are truly subcutaneous arc the 
spine and acromion process, fait, in addition to those, the coracoid process, the vertebral 
border and inferior angle, and, to a h‘ss (‘xl(*nt, the axillary l)oiclcr, maj' be defined. Tin* 
acromion process and spine arc easily felt throughout lhi‘ir entire length, forming, with 
the clavicle, the arch of the shoulder. The acromion iwm bo ascertained to be connected 
to the clavicle at tin* acrornio-clavicular joint by rmining the finger along it, the j)Osition 
of the joint being often indicated by an irregularity or l)oriy outgrowth from the (;laviclc 
close to the joint. The acromion can be felt forming the point of the shoulder, and from 
this can be traced backwards t(» the hjmiic. The ])lace of junetion is denoted by a 
prominence, which is sometimes called the acromial angle. The sj)iiio can be felt as a 
distinct ridge, marked on tlic surface as an oblii|ue dc])icssion, Avbieli IxMiomcs l(\ss and 
less distinct and .ends a little external to the spinous in-ocesses of the vertebrae. Its 
termination is indieat<‘.d by a slight dimple in the skin, on a level with the interval 
between the third and fourth thoraeie sj^ines. Jicluvv this point the vertebral kirder of 
the scapula may be traced, running downwards and outwards to the inferior angle of 
the hone, which can l)c recognised, although covered by the Latissimus dorsi. From 
this angle the axillary border can usually be traced through its thick muscular covering, 
forming, A^nth the muscles, the })ostcrior fold of llie axilla. The' coracoid process may 
be felt about an inch below' the junction of the middle and outer third of the clavicle. It 
is covered by the anterior border of the Deltoid, and lies a little to the outer side 
of a slight depression, eorrcs])oiiding to the interval betw^eeu the Pectoralis major 
and Deltoid. When the arm is hanging by the side, the upiier angle of the scapula 
corresponds to the upjicr border of the second rib or tlie interval between the first and 
st‘(;ond thoracic sjiines, the inferior angle to the upper border of the eighth rib or the 
interval bolwtuMi the seventh and eighth thoracic spines. 

Applied An<U(miy . — ^Fractures of the body of the scapula are rare, owing to the mobility 
of the* bone, the thick layer of muscles by which it is encased, and the elasticity of the 
ribs on which it rests. Vrncturo of the iiec^k is also uncommon Tho most frequent 
course of the fraciture is from the suprascapular notch to the infraglenoid tubercle, and 
it derives its principal inlert'st from its simulation of a subglenoid dislocation of the 
hnmenLs. Tho diagnosis can be made by noting tho alteration in the position of the 
coracoid process. The acromion process is more frequently broken than any other part 
of the bone, and fibrous union is very liable to occur in this situation. 

The presence of ‘ A^Iuged scapula) * (scapula) alat'jc) described in thin persons of feeble 
muscular development in whom tho lower angles' of the blade-bones project unduly, is 
duo partly to abnormal romidness of the thoracic wall (‘ barrel -shaped chest,’ imge 213), 
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and partly to weakness and flaccidity of the Latissimus dorsi and Serratiis maghus. 
The shoulders ate hold low in these subjects, and the clavicles slope downwards and 
forwards, carrying with them the scapula?, which fit ill to the posterior wall of the chest 
and so tend to project from it. 

Tumours of various kinds grow from flic scapula. Of the innocent form probably 
the osteomata arc the most common. When an osteoma grows from the venter of tlie 
scapula, as it sometimes does, it is of the compact variety, sucJi as usually grows from 
membrane-formed bon(*s, as the bones of the skull. Saicomatous tumours sometimes 
grow from the scapula, and may necessitate removal of the bone, with or without 
amputation of the upper limb. The bone may be excised by a T-shaped incision, and the 
flaps being reflected, the removal is commenced from the posterior or vertebral border, so 
that the subscapular vessels which lie along the axillary border are amongst the last 
structurcN divided, and can be at once secured. 


The HuME'tLT.s 

Humerus (figM. 353 and 354) is the longest and largest bone of the 
upper extrdmTf/y ; it presents for exar)ii tuition a shaft and t\vo extremities. 

Tlie upper extremity consists of a largcj rounded head joined to the 
shaft by a constricted portion called the neck, and t\)o eminences, the fjreater 
iwid r liihvrositieH. * ( ' . 

The head (caput humtni), lu^arly he nispherieal in forin,* is directed 
upwards, inwards, and a litthj })aekwards, and artieulattvs with tlie ghmoid 
cavity of the sea})ula. Tiir circumference of its aitie.nlar surface is slight l\ 
const riet(‘d. and is termed the anaiornical neck, in eontrailistinetion to the 
constriction which exists below the tuberosities. 33ie latter is e-alled the 
surgical neck (eollum eliirurgieum), since it is frequently th(‘ s(‘at of fraelurt^. 
Fracture of the anatomical neck does sometinu^s, though rarely, occur. 

The anatomical neck (eollum anatomicum) is obliquely directed, foifning an 
obtus(‘ angle with th(* shaft. It is most distinctly marked in th(‘ louer lialf of 
its circumference ; in the upjXM* half it is n^presented by a narrow' groove 
separating the head from the t uberosities. Its circumfercmct^ affords at t achment 
to th(‘ capsular ligament, and is perforated by numerous vascular foramimr. v 

The greater tuberosity (tubereulum majus) is situated on the outer side 
of the head and lesser tuberosity. Its upper surfa(*e is rouiidcid and marked 
by three flat impressions, separa{ed by two slight ridges : the high(\st impres- 
sion give.s inserHon to tlie Supraspinal us ; the middle* to tht‘ Infraspinatus ; 
tlie lown.st one, and tbc shaft of the bone below it,^^to the Ten*s minor. Tlu^ 
outer surface of the greater tuberosity is convex, rough. eouliuuous wdth 
the outer surface of the shaft. , V * 

The lesser tuberosity (tubereulum minus), all bough smaller, is more 
jhominenl than the greab'r : it is situated in front, and is directed inwards 
and forwards. Above and in front it presents an impression for tJie iiisei'iion 
-)f the t^*ridon of the Subseajnilaris. 

The tuberosities aic separated from each otJier by a deep groove, ihsJticipital 
(sulcus iiitertubereularis) which lodges, Uie long tendon of tju' Bie^js, 
tl'iWli^llll'tes rrinlFtTeTr'ql^^^ artery to the shoul3iw;Jonrt. 

IfTT(*gms“abdve1x^t\veen two Tuberosities, runs obliquely dowhw-arcls and a 
little inw’ards, and ends near the junction of the upiier with the middle third 
of the bone. In the recent state its upper part is covered with a thin layer of 
eartiUige, lined by a prolongation of the synovial membrane of the shoulder- 
|oiht' 1te’T6w'<u* portion gives ins.fir.t^,pJU,U> the leudou of the Latisidiinui^ dpr^- 
Ts deep and narrow- aboVe, and becomes shallow and a little broader as it descends. 
Its li]is are called, respeetivfiv, the anterior and posterior bicipital ridges (eristse 
tuberculi majoris et minoris), and form the upper parts of the aiiterioi* and 
internal borders of the fihaft of the bone. 

The shaft (corpus humeri) is almost cylindrical in the uppei* half of its 
extent, prismatic and flattened below', and presents three borders ai>d three 
surfaces for examination. 

* Though the head is nearly hemispherical in form, its margin, as llumphrv has shown, is 
by no means a true circle. Its greatest diameter is, from tlie top of the bicipital grooA e in 
a direction downwards, inwards, and backwards. Hence it follows that the greatest elevation 
of the arm can be obtained by rolling the articular surface in this diiection — that is to say, 
obliquely upwards, outwards, and forwards. 
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Fig. 353. — Left humerus. Anterior view. 

Cn pa nlarl U/a men t 


Snrf/intJ 


Common origin 
T'lejror corjd ratfinlis 
Pnhnnria Inngna 
Flexor suhhmis cUgitorunt 
Flexor carpi iilnaris 



BracJiio-raili flits u 
f Sujnvafor longns 


rj.vtrnsor carpi rathalis 
longior 


Capsular l/gamrnl 


Common origin of 
Extensor carpi rad, breo. 
,, communis digit or uni ^ 
„ mifthm digiti - t 
„ carpi ulnaria * 

Supinator brevis 



HtJMEBfDS 


The anterior border (margo an- 
terior) runs from the front of the 
greater tuberosity above to the 
ooronoid fossa below, separating the 
internal from the external surface. 
It s upper part is very prominent 
Mild lough, and forms the outer lip 
of t he bicipital groove ; it is some- 
times called the an tmor bicipital or 
pectoral rid(je, and serves for the 
pf t.Tio tc^ndnn pf 
Pectoralis major. About its cent re it 
f 6^s the ahtmor bdimda^^ Th(‘ 

rou gh'^^ert ojd Im'prcferdD ; below, 
iFTs "Snob tK' and rounded, a (ford- 
ing attachment to th<i Braeliialis 
anticus. 

" The cxtcrmtl border (margo 
lateralis) runs from the hack part 
of (lu‘ greater tuberosity to the 
bxt (Tiial epicondyl<‘, and se]>Mrate.s 
th<' exltu’iial from tht^ jKisterior 
surla(*<‘. Its Lipp(‘r half Js roinul(‘d 
tUid indisrrhctly marked, 
tor tite attachnicut of the low er 
jiTTrl ()Ffl Tbres 
iiMnW, and lVgl6rT!Tf5T!tTlTT]r^ 
■-fifrnTeS>!xt(?rnal head of th<^ Triceijs 
muscle; its centre is traveis(‘d by 
a broad, but shallow (*blique de- 
pression, iJie inusc'iilo-s pi ral groove 
(suJeus radialis). Its loW(u* part 
forms a ])romiiient, rough margin, 
a little curved from behind for- 
\\ ar( Is . 1 1 1 ( * external fiupTac<^ndjilar 
ridfjfit vvhieli presents an aiiterioi* 
li5|?Tof the origin of the Bracliio- 
rjiciialis abov(‘, ahcT T ^x teiiscLV. caxpi 
r,aiiialis Joiigior belfm , a posterior 
Up lor, lire Triensps, and an inter- 
media t(* sj)aec! for the attachment 
of the (‘xternal intermuseular 
^eptiim. 

The internal border (margo 
merlialis) extends from the lesser 
tuberosity to the internal epicoii- 
dyle. Its upper third consists of 
a prominent ridge, the posterior 
b icipital wb pb _give s insertion 

its centre is a sli^t 'mi- 
pressidh insertion of the 

Cora0?-ba;»^hpTi^*^ just below 
this IS the entrance of the nutrient 
canal, directed downwards ; some- 
times there is a second nutrient 
canal situated at tlie commence- 
ment of the musculo-spirol groove. 
The inferior third of this border 
is raised into a slight ridge, the 
internal eupracomdylar ridge ^ which 
becomes very prominent below ; it 
presents an anteiior lip for the 


Fia. 364. — Left hiinierufl. 
Posterior view. 
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?«?. of MpliOlMacus Pronator teres, a Pastei^l^ 
iJJ^Aal^lieaH of tne Triceps, ana an interiiiertiate space for the attacnment of 
the intefMrtnternVusciilar septum. 

The external surface (facies anterior lateralis) is directed outwards above*, 
where it is smootii, rounded, and covered by the Deltoid ; forwards and outwards 
below, where it is slightly concave from above downwards, and gives origin to 
part of the Brachialis anticus muscle. About the middle of this surface is a 
rough, triangular elevation (tuberositas deltoidea) for the insertion of the 
Deltoid ; below this is the musculo- spiral groove^ directed obliquely from behind, 
forwards, and dow'nwards, and transmitting the musculo-spiral nerve and 
superior profunda artery. 

The internal surface (facies anterior medialis), less extensive than the external, 
is directed inwards above, forwards and inwards below ; its upper part is narrow, 
and forms the floor of the bicipital groove which gives insertion to the tendon 
of the Latissirnus dorsi ; its middles part is slightly rougli for the attachment of 
some of the fibres of the tendon of ins€*rtion of the Coraeo-bi’aehialis ; its 
lower 23art is smooth, concave from above downwards, and gives origin to 
the Bracliialis anticus.* 

The posterior surface (faci<‘.s ])osterior; aiqx^ars somewhat twisted, so that 
its upper part is directed a little imvards, its lower part backwards and a 
little outwards. Nearly tlie w hole of this surface is covered by tlie external 
and internal heads of the Trice])s, the former arising from its upper and outer 
part, the latter from its inner and back part, the Uvo lieads being se])arated 
by the musculospiral groove. 

Th(i lower extremity is flattened from before backwards, and curved 
slightly forw'ards ; it terminates bclow' in a broad, articular surface, which is 
divided into tw^o parts by a slight ridge. Projecting on €*ither side* ait* the 
external and internal epicoiidyles. The articular surface extends a little* lower 
than the (*])icondyl(^s, and is curved slightly forwards; its greatest breadth is 
in .the traiisxerst* diameter, and it is obliquely direct<*d, so that its inner 
extremity occupies a lowei* level than tlie outer. The outer portion of the 
articular surface presents a smooth, round(*d eminence, named the capitellum.. 
or radial fuad of the humerus (capitulum humeri) ; it articulates wdth the cup- 
sliapt*d d(* 2 )ic‘ssion on tin* head of the radius, and is limited to the front and 
lower part of the bone. On the inner side of this eminence is a shallow' groove, 
in which is received the inn(*r margin of the head of the radius. Above tin* 
front part of the capitellum is a slight depression, the fossa r j^dig lis, which 
receives tlu^ anterior ^bprcb;i:,.i^ the head, nf t he radius, when t he fo rearjtt'is 
flRixod. The Inner portion of the articular surface, the trocldea hwnicfu presents 
a deep dejiressioii betw etm two w^ell-marked borders. The troeJilea is convex 
from before "backwards, eoneave from side to side, and occupies the anterior, 
lower, and posterior parts of the extremity. The external border, less pro- 
minent tlian the internal, separates it from the groove which articulates with 
the margin of the head of the radius. The internal border is thicker, of 
greater length, and consequently more prominent, than the external. The 
j^rqqyyd. portion of the articular surface fits accurately within the greatbl*' 
sigmoid cavity of the ulna ; it is broader and deeper on the posterior than on 
the anterior aspect of the bone, and is inclined obliquely from behind forw^ards, 
and from wdtliout inwards. Above the front part of tue trochlear surface is a 
small depression, the fossa coronoidea, which receives the coronoid process of 
the ulna during flexicril'of the forearm, i ^ove the back part of the trochlea 
is a deep ti iaiigular depression, olecra.ni)^ in w-liich 

* A MiL'ill. lio«>k-shiipt‘d ])r()(*(‘.s.s <if bono, tho aupmeondyUvr varyiiifi’ from to j{ ol' 

an ineli ir» not infrorjuontly found projoctinj? fnjin the inner surface of the shaft of 

the liuint'ius two inclui.s abovr the internal (jpicondyle. It is curved downwards, forwards, and 
inwards, and its ]K)iiited exi reniity is connected to the internal border, just above the inner 
epicondyle, by a li'rarnent oi tibrous ban<l, which gives origin to a portion of the Pronator 
teres; thnmgb the aicli (ioinpleted by thi.s fibrous band the median nerve and brachial 
arteiy pass, when these striicturos deviate from their usual course. Sometimes the nerve idone 
i.s fcransniitted through it, or tlie nerve may be accomiuiiiied by the ulnar artery, in cases of 
high division of tho brachial. A w<'ll-marked groove is usually found Vxjhind tlie process, in 
whicli the nen e and artery are lodged. This arcli is the homologue of the supracondyloid foramen 
in many animals, and probably serves in them to protect the nerve and artery from compressit)n 
during the contraction of the muscles in this region. 
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summit of the olecranon process is receiv^od in extension of the forearm. 
Tj^ fo§aaB,.iu ? a,.aft a arat<i d frora j o n e another by a tlm i 
[jne. which ia Hfim^tunea perforaj^ ^ 




their 
e anterior 


margins afford afta'c limont fo 
aM-post OflOiriii5p5tIlf5flTs^*orTT)'eT»i »» j 
tlI^"ToB^^ lUlUdTl'n fSc^l'eccWTtate, by 
the synovial membrane of this articula- 
tion. The p.picon4yilf^ (opicondylus 

lateralis) is a small, tubercular eminence, 
less prominent than the internal, curved a 
litth^ forwards, and giy at t^icj lmjen^ to 

! Ic, oiifie elKj^t ' 

lomt^ and to a t(^ui^-o©mttifl^ 
oi3gLn"'cy ' sfSthe of the E;xtcnsor and Siiph 
m ^yr m uscles. The internal '^picvmlyJe 
(epicondylus medial is), larger, more promi- 
nent, and therefore more liable to frucl ui‘(‘ 
than the (‘xtornal, is directed a little ba(*k- 
wards ; it gives attachment to the intenMil 
lattrai* ligam<‘nt of the elbow-joint, to the 
Pronator teres, and to a tendon common 
to the origin of some of the Fh'xoj* muscles 
of the fonsarm. frhe ulnar nervc|ruiii in. 
a groove (sulcus n. 

e [ ucdhS\Tcs“^ 

are‘ ^In'ectl;^ ‘ cdiltiniio tfs above with th(‘ 
external and internal sujjraeoiidylar ridges. 


Fig. 355.— Tjoiigitudinal section 
of head of left humerus. 
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Fu,. 350. — IMari ol ossiliealionol llicliumcriis. 


s i)f /trad and 
taltn list/ irs blend 
Jiflh tjttt), (Did nnii^ 

irt//t shaft at ta'cn/i- 
(dh jjrar 


Unites with shaft | i5; 
at eighteenth year] 2 



_ 

auni “’rt 


epiphysis, which fuses 
end of the humerus is 


with the 
ossified 


shaft 


Structure. — The cxtiemilics con- 
sist ol cancellous tissue, coveued 
\sjtii i\ thin, conij)act Inyci’ (tig. 355) ; 
the shaft is coni]>(>se(l ol a cylin- 
der ol conipact tissue, thicker at 
the centre than towards the extremi- 
ties, and contains a large iiHalullarv 
canal which along its whole 

length. 

Ossification (fig. 356). - The 
Imnnuus is ossili(‘d from right centres, 
one for (‘ach of tli(i following parts : 
the shalt, the head, tli(‘ greater tuher- 
osily, the lesser tuberosity, the radial 
head, the trochlear porlhui of the 
articular siirlace, and one lor (*a(:li 
epicoiidylc. The centn* for the shaft 
apj)ears near the middle of the bone 
in the eighth week of JVetal life, and 
soon extends towards the extremities. 
At birth the humerus is ossified in 
nearly its whole length, only the 
extremities renuiining cartilaginous. 
During the first year, sometimes hetore 
birth, ossification commences in the 
head of the bone, and during the 
third year the centre for the greater 
tuberosity, and during the fiftli that 
for tile lesser tuberosity, make their 
appearance. By the sixth year the 
centres lor the head and tuberosities 
have increased in size and become 
joined, so as to form a single large 
about the twentieth year. The low^r 


as 


follows. At the end of the second year 
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ossification begins in the capitellum, and extends inwards, to form the chief|^ 
part of the articular end of the bone, the centre for the inner part of the 
trochlea not appearing until about the age of twelve. Ossification commences in 
the internal epicondyle about the fifth year, and in the external about the 
thirteenth or fourteenth year. About the sixteenth or seventeenth year, the 
outer epicondyle and botli portions of the articulating surface, having already 
joined, unite with the shaft, and at the eighteenth year the inner epicondyle 
becomes joined to it. 

Articulations. — The humerus arti(*ulates with the s(*M])ula, and with the \ilna. 
and radius. 

Surface Form . — ^flic humerus is almost entiroly clotliod by the miiselos wJiich surround 
it, and the only i)arts of the bone which are strictly suhciitaiieous are small portions of 
the internal and external epieoiidyles. In addition to these, the tuberosities and a f)art of 
the head of tlie bom^ can bo felt under the skin and muscles by which they are covered. 

Of these tlic greiitcr tnbcTosi ty forms the'hiost prominent bony point of the siioulder. 
extending beyond the acromion process and eov'cred by the Oidtoid. It influences 
mtiforiaUy the surface form of the shoulder. Jt is best felt while the arm is lying loosely 
by the side ; if tJie arm be raised, it recedes from under tlio linger. TJic hisser tubeM’osity, 
fJirceted foiwards and inwards, can be h-lt on (he inner sidc» of the grc'atcr tuberosity, just 
below the aeromio-clavicular joint, liet ween th(^ two tuberosities lies the bicipital groove. 
This can be defined by nuiking firm pressure with the finger, just internal to tlie greater 
tuberosity; on rouiting (be humerus, the groove will bo felt to jiass under the finger. 
With the arm abducted from the side the lower ])ait of the head of the bone can be felt- 
by pressing deef)ly in the axilla. On either side of the elbow-joint, iind just above it, are 
the internal and external (ipicondyle*s. Of these (bo intenud is the more prominent, but 
the internal siipracond3dai ridge, [lassing upwards from it, is mueb les.s marked than tJic 
exteinal, and, as a rule, is not to l)(‘ felt. Occasionally, however, the book-sliai)ed process 
mentioned above is found on this border. '^ITie position of the external epieondylc is (o 
be seen most t)lainly during seinitlcxioii of the fortiarm, and is indicated by a ( I e. (mission 
Ixdvveen the atta<‘limenis of th<' adjacent muselc!-. From it a strong bony ridge can l)e 
felt running up the outer bord(‘r of the shaft of the bone. This is tho e\le,rnal supra- 
condylar ridge ; it is concave forwards, and corresponds with tlu^ curved dir(*etion of the 
low’cr extn'iTiity of tJie humerus. 

Ap^tlied .Anatomy . — Tlicre are several points of surgifsal interest conne('l« (l with the 
ossification of tho humenis. TJkj upper end, though the first to ossify, is the last to join 
the shaft, and the length of the* bone is mainly due to growth from the upper ('pipliysial 
line. Hence, in eases of amputation of the nrrri in young subject?, the humerus continues 
to grow considerably, and the end of tho bone which immediately after the operation 
was covered willi a thi(;k cushion of soft tissue begins to project, thinning the soft 
parts and rendering tho stump conical. 'J'liis may necessitate the removal of a couple 
of inches or so of the bone, and even af^*^'!’ this operation a recurrence of ilu} conical 
sturax) I)lacc. The region of the nxrper ex)ii>b 3 ’^siR, mon^over, is the common 

site for the grow th of tumours, both iiinoctmt and malignant. 

'I’bcro are sfiveral points of surgical iiil crest in coruie(;tion with fraetur(^s of the 
humerus. The bone may bo broken by din»et or indirect violences, like the other long 
bones, but, in addition to this, it is probably more frequently fractured by muscular 
action than any other bone of this cla«s. It is usually the shaft, just below the insertion 
of the Deltoid, which is thus broken, and the accident lias been kno^vn to happen from 
throwing a stone. Fractures of the upjier end may take filaee either through the 
anatomical or surgical neck, or a sexiaration of tho grea,ter tuberosity may occur. 
Fracture f)f the anatomical neck is a very rare accident ; in fact, it is doubted by 
some w^helbev it over occurs. Fracture of the surgical neck of the bone is not uncommon, 
and imiiaction may occur ; on the otlier hand, the upper end of the lower fragment may 
bo disjilaced into tho axilla and may damage the vessels or nerves. The fracture sopie- 
what closely simulates dislocation of the shoulder -joint, but can be distinguished by the 
fact that the head of tho bone remains in its normal position and the great tuberosity 
still forms the most prominent point of the shoulder. Separation of tho upper epiphysis 
sometimes occurs in the j^oung subject, and islnai’ked by a characteristic deformity, con- 
sisting in the presence of an abrupt projection at the front of the joint some short distance 
bt'low the coracoid process, caused by the upjicr end of the lower fragment. In fractures 
of the shaft of the humerus the lesion may take place at any point, but appears to Ixs 
'^morc common in tho lower than the upper part of tho bone. The points of interest in 
eoiinection wfith these fractures are : ( 1 ) that the musculo-spiral nerve may bo injured 
as it lies in the groove on tho bone, or may become involved in the callus which is 
subsequently thrown out ; and (2) the frequency of non-union, which is believed to he 
more common in the humerus than in any other bone. An important distinction to make 
in fractures of tho lower end is iKjtwxen those that involve the elbow-joint and those 
which do not ; the former are always serious, as they may lead to imjialrment of the 
utility of the limb. They include the T-shaped fracture and oblique fractures which 
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.involve the articular surface. Those which do not involve the joint are the transverse 
fracture above the epicondyles, and the so-called epitrochlear fracture, where the tip 
of flic internal epioondyle is hvok^ off, generally from direct violence. 

Ttie Ulna 

The Ulna (figs. 358 and 359) is a long bone, prismatic in form, placed at the 
inner side of the forearm, parallel with the radius. Its up per. extremity , of groat 
thickness and strengtlL ■ 

tlu^ bone diminishes in size trom above dowriuaras, its lower oxlremTEy 
being very small, and exeluded from the wrist-joint by the interposition of an 
interarticular fibro-cartilage. It is divisible into a shaft and two extremities. 

The upper extremity (fig. 357), the strongest part of the bone, presents 
two curved processes, the olecr anon p rocess and the coronoid process ; and 
tw6 concave, articular cavities, 

The olecranon process (olecriuroBjTs fimri^d: 
situated at the upper and back part of the ulna. It is bent forw ards at the 
summit so as to present a prominent lip v\1iic‘h is received into the olecranon 


fossa in extension of the forearm. ] 
this is the narrowest ua rt 
iipiier dna ot TTu ? 

HU nary is of 

q|ua3maTeral form, behind 

for tlie insei- 
t ion "oTtlld/ Trice ps ji i usclc i and in 
fiWlTnicarnfW^^ fr^a*13iglTr 

t ra ns v < *rse gro( ) ve ^ hir the j it tael j - 
puMit of part of tlie postewur^Uga- 
meidjjf the elbow - joi nt. Its au- 
iTnor surfaco is smooth, <‘()ncave, 
covered witli cartilage in tlie i*ee(‘nl 
state, and forms the ujipcr and ha(*k 
part of 11 h‘ greater sigmoid cavity, 
its lalrral borders continua- 

tions of the groove on tlie margin 
of' tlie superior suifacc : they s(u v(‘ 
for the attaelimcmt of ligamonts — 

* VIZ. the back jiart of tli(^ 
mnateral liganuMit internullv, and the 


Ixt^c is coiitrac'tpd wliBrc. it ioiiiB the 

Fio. .357. —Upper extremity of left ulna. 
Outer aspect. 

Olcrrumtn process 






lateral ligaiiKMit internully, and the 
T)os terior lig: in i ( m t ex t eT iiall y . h^T om 
t he inner liorder a part of the J^'lexor 
earpi ulnaris arises ; Avliile to tlie 

ouUsr boi'der tlie Anconeus is ^ ^ 

attached. 

The coronoid process (processus eoronoidcus) is a triangular eminence 
firojecting horizontally forwwds from the upiier and front part of the ulna. 
Its base is continuous with the shaft, and of considi'rable strength ; so much so 
that fracture of it is an accident of rare occurrenctc. Its apex is pointed, 
slightly curved upwards, and in Hexion of the loi-earni is received into the 
coronoid depression of the humerus. Its upper surface is smooth, concave, and 
forms the lower part of the greater sigmoid cavity. Its autero-inferior siir/are 
is concave, and marked internally by a rough impression for the insertion of 


(tuberositas* 


prominent, free margin, serves for the attachment of part of tlieinWnaJ , 

ligament. At the front part of tliis surface is a small rounded eminence for 
the of the Flexor sublimis digitorum ; behind the eminence 
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is a deoressioii for part of the .ocijj'in of the Plexor profundus digitorum ; 
dfise§«MjiWW,ir9»-the eminwce ia u ridge 

EcoiifttPX I^'requently, the Flexor longus pollicis arises from the loWit 

part of the coronold process a rouaded bundle of muscular fibres. 

Tiie greater sigmoid cavity (incisura semilunaris) is a semilunar depres- 
sion of largo size, formed by the olecranon and ooronoid processes, and serving 
for articulation with the trochlear surface of the humerus. About the middle 
of either lateral border of this cavity is a notch, which contracts it somewhat, 
and indicates tJie junction of the two processes of which it is formed. The 
cavity is concave from above downwards, and divided into an inner and an 
outer portion by a smooth ridge running from the summit of the olecranon 
to the tip of the eoroiioid process. The inner portion is the larger, and is 
slightly concave transversely ; the outer is convex above, slightly concave 
below. 

The lesser sigmoid cavity (incisura radialis) is a narrow, oblong, arti- 
cular depression on the outer side of the coronoid process, which receives the 
lat(n‘al articular surface of i/hc head of the radius. It is concave from before 
backwards, and its prominent extremities serve for the attachment of the 
o rbicula r ligamcjjit. i ‘ 

’^ TKe"^a!t (corpus ulnas), ^ its upper part, is prismatic in form, and curved 
from behind forwards and from without inwards, so as to be convex behind 
and externally; its central part is quite straight its lower part is rounded, 
smooth; and bent a little outwards. It tapers gradually from above down- 
wards, and lias thret* borders and throci surfaces. 

The anivrifir border (margo volaris) begins above at the prominenit iimor 
angle of the* coronoid process, and -ends belo w in front of the styloid process. 
Its upper part, well defin<‘d, and its middle portion, smooth and rounded, give 
origin to the Flexor profundus digitorum ; its lower fourth, marked off from 
the rest of the border by the commencement of an^ blique rMge on tlie anterior 
surface, serves pri^^ of the 5il‘onator qua^Kfu^ border separates 

the aiit/orior from the internal surface. 


The posterior border (margo dorsalis) begins above at the apex of the Iri- 
angular subcutaneous surface at the back part of the olecranon, and ends bcOow 
at the back of the styloid piocess ; it is well marked in the upper tlm'c-fourtlis, 
and gives attachment to an aiJoneijg;osis which affords a common origin to the 
Flexor carpi ulnariSj the Extensor carpi uluaris, and the Flexor profundus 
digitorum ; its lower fourth is smooth and rounded. This bordcT separates the 
iMerrial from the posterior surface. 

The exUrrud or interosseous border (crista interossea) begins above by the 
union of two lines, which eonverge from tlic extremities of tJie lesser sigmoid 


cavity and enclose between them a triangular space for the origin of part of the 
Supinator brgyis ; it ends bedow at tlic lujad of the idna. Its two middle 
fourths are very prominent, its lower fourth is smooth and rounded. This 
border gives attachment to the interosseous nu^mbraiic, and separates the 
anterior from the posterior surface. 

Tl|.e mderior Amrfacc (facies volaris), much brpader above than below, is 
(toiieavcTii its upper thiWfourths, and gives origin to the Flexor profundus 
digitorum ; its lower fourth, also concave, is coveted by the Pronator quad ratus. 
The lower fourth is separated from the remaining portwfiBliJi^thi^^ by' a 
prominent ridge, direct(‘(l obliquely, downwards and inwards; Ctlie 


oMigue or pronator ridge) marks tbe.^tent of origin of the Pronator quadrat us. 
M thc'^J^eflou of the upper'^with the m3me tbtrd^ df 
canal, directed obliquely upwards and inwards. 

T>to (facies dorsalis), directed backwards and outwards, is 

broad and concave above ; convex and somewhat narrower in the middle* 


of its course ; narrow, smooth, and rounded below. above, an 



i fsftlf {Supinator brevisT^BemwlIi^^ is 

sulRIiWded by a ion|^lfd&aI ridge, sometimes called the oier f&ndimdar line, 
into two jjarts: smooth, ^ d covered the ExthUtor 

carpi tdnaris ; the e xternal portion, wider androup^'gS!^ fromTBIW^'" 



Fio. 3fi0. — Plan of ossification of the 
ulna. Prom Lhreo centres. 
Olrrnoxm 


Ijtjicurs (it jp 

truth !/r(ir 


. JoiiiH s/l(i/i cii 

^ su'trrnth t/rdr 


. surface (facias nioSJaliSy ^ 

and cojivoxT>cl(><v. It gives origin by its npj)er threQ-fonrtha, ta,v fclM5 >Fl©3EOi* 
prn fnnrina : its Jowei* foiirth is subcutanooiis. 

'’o^lower^^^ ot the ulna is of Tiinall size, and presents two eminences ; 

the outer and larger i's a round(id, articular eminence, termed the head of the 
ulna ; the inner, naiTower and more projecting, is a non-articular eminence, 
the styloid process.' The hmd (capitulum ulna?) presents an articular surface, 
part of which, of an ovaFor semilunar form, is directed downwards, and articu- 
lates with the upper surface of tlie interartieular fibro-cartilago which separates 
it from the wrist-joint ; th(*, remaining ])ortion, diTveted outwards, is narrow, 
convex, and roccuvod into the sigmoid 
cavity of the radius. The 
(processus styloidcus) projecSTIRom the 
inner and back part of the bone; it 
des(u*nds a little lower than the h('ad, 
and ends in a. rounded summit, which 
affords attachment to the internal 
lateral ligament of the wrist- joint. The" 
liead is separated’ from flur sfyldld pro- 
(‘ess, internally, by a deprc^ssion for the, 
attachment of the ap<‘-x of the trian- 
gular interartkuilar fihro carf.ilage, and 
behind, by a shallow groove for tJie 
passage* of the tendon of the Extensor 
carpi ulnaris.l / 

Strdftttlfe.- bTlie structure of the ulmi Ls 
similar 1o that of the other long hones. 

Ossification.- TIkj ulna, is ossified from 
three e(intr(‘-s : one ('acli for tlie shaft, the 
inferi<n- extremity, and th(^ top of the 
olecranon (fig. 3(50). Ossification begins near 
the niiddh^ of th(‘, shaft about the eighth 
wt*(*k of hetal life, and soon extends thro null 
the greater part of the bujie. At birth the 
<nids are cartilaginous. About the fourth 
year, i centre ap 2 >ears in the middle of the 
head, and soon extends info the styloid 
process. About the tenth year, a centre 
appears in the olecranon near its extremity, 
the chief part of this process being formed 
by an upward extension of the shaft. I’he 
the sixteenth, 'the lower about the twentieth 


i 

r/yik 


.[[jpeartt (it 
fourth ijriir 


\.Jo/tis nhaff at 


iirnitirth tjrnr 
liijanor iwtrrniitij 


ii 2 )per epi 2 )hysis joins th(i shaft about 
vear. 


Articulations. — The ulna articulates with the humerus and radius. 


Surface Form. - The most, prominent ]Kirt of the ulna, tin*, olecranon [aocess, can 
always bo ideri tilled at the back of the elbow-joint. When the forearm Hexed, the 
u[)per quadrilateral surface can be felt, dinuHod backwards ; during extension it recedes 
into the olecranon fossa, and the contracting tibrtss of th<‘ 'IViccps its being 

p<u*ceived. On the back of the olecranon is the smuotli. triangular, subcutaneous surface, 
continuous with the posterior border of the shaft. During extension, the upper border 
of the olecranon is slightly above the level of tlui internal epicoiidylo, and the i>roces.s 
itself is nearer to this epicoiidylo than to the external one. Running down the hack of 
the forearm, from the apex of tln^ triangular surface, is the tirominent posb^rior border of 
the ulna, which c!ari be lelt throughout its entire length. As it passes down the foreaniL 
it pursues a sinuous course and inclines to its inner sidoT so that it is situated in the 
middle of the back of the limb above, and on the inner side of the wrist below. Jt is 
rounded off in its low'er third, and may be traced Inilow to the small .subcutaneous surface 
of the styloid process. Internal to this border the lower fourth of the inner surface caa 
be felt. The styloid process forms a prominent tubercle, continuous above with the 
posterior subcutaneous border, and terminating below in a blunt apex, w'hich lies on a level 
w'ith tho wrist-joint. The styloid process is b^t perceived when the hand is in a position 
midway between supination and pronation. If the forearm be pronated while the linger 
is placed on the process, the latter will Jbe felt to recede, and another prominence will 
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appear just behind and above it. This is the head of the ulna, which articulates with the 
lower end of the radius and the triangular inte'rarticular fibro-cartilage, and now ijrojects 
between the tendon of ^the Extensor carpi ulnaris and that of the Extensor minimi digiti. 

\/ The Rahius 


The Radius (figs. 358 and 350) is situated on the outer side of the ulna, 
which exceeds it in length and siz;(i. Its upper end is small, and forms only a 
small part of tlie elbow-joint ; but its lower end is large, and forms the chief 
^art of the wrist- joint. It- is a long bone, prismatic in f or jn , slightly curved 
longitudinally, and, like otheu* long bones, has a shaft and two extremities, 
r The upper extremity ])res(^nts a lu^ad, neck, and tuberosity. Thg, }imd 
^camtulum radii) is of a (;ylindrieal form, depressed on its upper surface into 
a 'snalllovv cup (fovea capit^h radii) wliicih articulates with the ea])itellum of 
th(* humerus. Arbbnd the circumference of tlie head is a smooth, articular 
surface^((ur(;ui nf event ia. artieularis), broad iiittunallv wlu u'c it a.rtienla.t.f>« 
the sigtntgitboyvitj ^^gf tlif^ ulna, nai^fow jri the re^' bf its eircumferenee. 
'wltere it r(^al css ultTiTnA^ 1 i^ar]iicnt7 TTie lifead is siqiported on a 

round, smocifTT anci coustiicjted portion called the' neck (eollum radii), on the 
back of whicii is a slight ridge for the insertion cd /)art of the 8uj)inator brevis. 
Benciath the*. iw‘ek, at the innen* and front aspect of the bone, is a rough 
eminence, the bi(Ji^(ilJMhcrodUy (tuberositas r a dii) ; its surface is dividend by 
a vertical line into a ijosterior, rough portion, for the insertion of the tendon 
(jC the Biceps, and an anterior, smooth portion, on w'hich a bursa is int(M*[)()S(*d 
between the tcnulon artd tlic' bone. 

TJio shaft (corpus radii) is prismoid in form, narrower above than below, 
and slightly curved, so as to bc' convex out w a ids. It piesents thive borders 
and tlircH^ surfaces. 

volaris) extends from the lower part of tiu* 
tubeTos?f5i^“abU?ii*^"Xo *the antcM’ior part of the base of llic^ styloid process bellow, 
and separates thc^ anterior from the ext carnal surface. Its upper third is v^eny 
prominent, and from its oblicpjc^ direc'tion, downwards and outwards, has 



* ^ digitori 

oftBi^’ ante rior border is indistinct and roundcjcl. Its lowcn* fourth is sharp, 
prominent, a fiords insewUpp t^)if> ^mnnfnr r| u;i(lratu,s , and gives attaelimcmt 
to the postericH annu lar liga nientorth^^ in a small tuhereh-, 

into vvlMnil inscirlccT^T^nendoh of tl ic? Brachio- rad ialis. 

TJie posferioTWfiftlr (margo dorsalisl begins c1[bove at tlie back of the neck, 
and ends below at the posterior jiart of thci base of the styloid process ; it 
s(^paj*at(‘s the ])ost(M'ior from tin' ^-xlcrnal surface'. It is indistinct above 
and below, but wtJl marktid in the middle third of tlie bone. 


The intervffJ cir interosseous border (crista iiitcnossea) bc^gins above, at the 
back part of the tiibc'rosity, wiiere it is rounded and indistinct ; it becomes 
sharp and • ]jrominent as it descends, and at its lower part divides into two 
ridges, wliieli are continued to the anterior and ijosterior margins of the sigmoid 
t cavity. To the postgrioj* of the two ridges the lower part of the interosseous 
niernbrane is attaelied, while the triangular surface between the ridges gives 
insertion to part of the Pronator ciuadratus. This border separates the anterior 
from the posterior surface, and throughout the greater part of its extent gives 
attachment to the interosseous membrane. 

The anterior surface (facies volaris) is concave in its upper three-fourths, 
and gives origin to tlic Plexor longus.i^p^Ucis ; it is broad and flat in its lower 
fourth, and alVords insertion to the Pronator quadrat us . A pipniinent ridge 

Brona tor auad rat us Delow, ^nd between this and the 
is a orthe 

Iiga meilt^Qf , the \n At the junction' of the upper and middle^iirds 

ortJiis surface IS foramen, wliich is directed obliquely upw^ards. 

The ^sterior surface (facic^s dorsalis) is round, convex, and smooth in tlic 
upper third of its extent, and covered by the Supinator brevis . Its middle third 
is broad, slightly concave, and gives origin to the 

pcdficis above, and the Extensor brevis pollicis below, lis IWej^HaTTBSfoaa, 
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convex and covered by the tendona^of the muscles which subsequently run 
in the grooves on the lower end of the bone. 

The external surface (facies lateralis) is round and convex throughout its 
entire extent. T ta upner j'hird yiYjfl About 

its centre is seoii a rougli ncige, jor the insertion of the Pronator teres. Its 
lower part is narrow, and covered by the tendons of tlm ossis 

nielacarpi pollhas and Extensor brevis pollicis. IrW*' ' ^ 

The h)W€r extremity is large, of quadrilateral form, aliTl provided with 
two articular surfaces — one on the inhiiior surfafu^, for articulat ion with the 
carpus, and another at the inner side, for articulation with tin? ulna. The 
carpal ariicnlar surfaev is triangular, (ioncave, smooth, and divided by a slight 
ant(‘ro-post('rior ridge into two parts. Of tluise, the (^xttrnal, triangular, articu- 
lalcs with the scaphoid bone; the iniu^r, quadrilateral, with the semilunar. 
The articular surface for ilip nlua is called the sigmoid atvity (incisura ulnaris) 
of the radius ; it is narrow, (joncavc, smooth, and artiijulates with iho head of 
th() ulna. These two arti(uilar surfaces arc sepaimed from each other by a 
prominent ridge, to which the base of the triangular fibro-cartilage is attached ; 
tliis structure sepai’ates ihe wrist-joint 
from th<^ inferior radio-ulnar articula- 
tion. Tliis end of the boru^ pnisents 
three non-articular surfaces — anttwior, 
post(‘i*ioj*, and (‘xternal. 'J'he anterior 
surface, rough and irregiilarT'atloMs 
atlacrniient to the anterior ligament of 
the \vri st- Joint. ^\\o. posieridY .^nrJ[nco 

is con Vex, affords attach mflltfo lire pos- 
terior ligament- of the wrist J()int, and is 
marked by throe grobves. Ehunuu'ated 
from w’itliout inwards, th(^ first groove 
is liroad, hut shalloV^’and subdivided 
into t^^'o by a slight ridge : the outer of 
t-wa.tensmits of ' ib.*. 

Extensor carpi radialis loiigior, the inner 
the tendon of the Extensor carpi radialis 
brjjviur. The second, near th(^ cent r<‘ of 
tlie bone, is a deep but narrow gro(»ve, 
boundid on its outei* sid(*. by a sharply 
defined ridge : it is directed obliquely 
from above, downwards and outwards, 
and tiiuismit-s the tendon of the Exr 
terrsor longus poUii^is. The third and 
most internal is riroad, for tlu^ passage 
of the hmdons of the Extensor indicis 
and Extensor eommunis digitorufh.' 

The extermd si^r/hce is prolonged ob- 
bquely downwards into a strong, conical 
rojection, the styloid process (processus styloideus), which gives attachment 
y its base to the tendon fcgy|* hi ^ p-y adial^ and by it^apex to th^^ 

lateral ligament ©if the-wrist^oimr The^^ ofthis process' is marked 

byTl ffltr groove, for the tendons of the Extensor o^is nu^aearpi pollicis and 
Extensor brevis pollicis. H ^ / 

Structure. - The structure of the radius is rsiniilar to that of the other long 
bones. 

Ossification (fig. 3(51) . — The radius is ossified from three centres : one for the 
shaft, and one for either extr<uiiity. That for the shaft makes its appearance near 
-the centre of the bone, during the eighth week of foetal life. About the end of 
the second year, ossification commences in the lower end ; and at the fifth year, in 
the upper end. The upper epiphysis fuses with the shaft, at the age of seven- 
leen or eighteen, the lower about the age of twenty. An additional centre, 
sometimes found in the bicipital tuberosity, appears about the fourteenth or 
fifteenth year. 

Articulations. — The radius articulates with four bones : the humerus, ulna, 
scaphoid, and semilunar. 

X 2 


.301. — ^Lan of ossification of the 
iudiiis. From thrive eeiilivs. 
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Surface Form, — Below, and a little in front of, the posterior surface of the External 
ooiulylo a part of the head of the radius may be felt ; its position is indicated by a little 
dimple ill the skin, whiiih is most visible when the arm is extended. If the finger be 
])la(M‘d on this dimple and the acTuiflexed forearm pronated and supinated, the head of 
I lie bone will be distinctly perceived rotating in the lesser sigmoid cavity. The upper 
half of flic shaft cannot be felt, as it is surrounded by the fl(\sliy bellies of the muscles 
arising from the extt^riial condyle. I’ho lower half can be readily examined, though 
coveicd by tendons and mus(;l(^s and not strictly subcutaneous, and if trac<*d downwards 
is felt to t(‘nninate in a lozonge-shnped, convex sniface on the ouUu’ side of the base of 
the styloid process. This is the only subcutaneous part of the bone, and from its lower 
extremity the apex of the styloid yirocess will be felt bending inwards towards the wrist. 
About tbc middle of the posbu'ior aspect of the lower extremity is a well-marked ridgt', 
the dorsal radial tubercle^ best jierceived wIk'ti the hand is slightly tloxed on the wrist. 
It forms the outer boundary of the oblique groove, through which tln^ tendon of the 
Kxtensor longus pollicis runs, and helps lo keep that timdon in its plac(*. 

Ap'plied Anatomy. — '^Phe two bones of the forearm are more often broktm tog(‘ther, 
tliaii is eithci- the radius or iibia separately. Tt is therefore eonvcuii'iit to consider lhi‘ 
fractures of both bones in the iirst instance and subsequently to mention th(‘ principal 
fractun's which fake ])Ja(!e in cacjli horn*. Fractures of both hones may ho produced by 
either dirc(‘t nr indirect violeiUH', though more commonly by direct violence. When 
indiri‘ct force is applied to tlie forearm tlie radius as a rule gives way, though both 
hones may sull'er. Fi'acturc* from indirect force generally takes plact'i somewhere about 
the niiildic of the hom*s, while that from direct \ iolcuct' may occur at any part, hut is 
most frequent, in the lower half of the bones. The fTa(^tnr(^ is usually transverse, hut 
may lu^ more' or less obliipio. A point of inbu-est in (!onncction wdth these fractures 
is the tendency tlierc is for the two hones to unite across the interosseous mcuibraiie ; 
the limb should therefore be imt up in a ])osition midway between supination and prona- 
tion, wdiicli is not only the most comtortable ]K>sitic)ii, but also Be]>arates the bones most 
w'idt'ly from cat'll other and therefore diminishes the risk of their becoming united 
across the iutt‘ross(M)iis membrane. Anterior and posttnior splints are applied in these 
cases, and should bo rather widen* than the limb, so as to prevent any lateral jiressure 
on the hoiujs. 

The spticial fractures of t.h(? ulna art^ : — (I ) Fracture of tlie olecranon, wdiich is usually 
caused by diretjt violoiico, as in falls on the elbow with the forearm flexed, hut occa- 
sionally by muscular action in sudden contraction of tJie Tric(‘ps. The most common 
■pla(‘<^ for th(i fracture to oc(;ur is at the constricted portion where the olecranon joins tlu* 
shaft of the bone, and the fracture may be (ilhor t-rajisvcrsc* or oblicpie but any part 
may he broken, and oven a thin sliell may be lorn off. IVactures from direct violence are 
occasionally comminuted. The displacement is slight, if the fibrous structures uround 
th(^ jirocess are not torn. (2) Kracture of tlie coronoid process may o(U*ur as a com- 
plication of dislocation ha(;kAvards of the hon(‘s of the forearm, hut it is doubtful if it .. 
cv(‘,r takes place as an uncomplicated injury. (.*{) Fractures of the shaft of tlic ulna may 
occur at any pari, but usually take place* at or a little below the middle of the hone. 
'J'h(!y arc generally tlie result of din*et Aiolenco, hut may occur as a complicalion of 
dislocation of th(^ radius. (4) The styloid proe<*ss may he knoek(‘d off by direjct violence. 

Fractures of the radius may consist of- (I) Fracture of the head of the hone ; this for 
the most ]>aTt lakes ])laee in (ionjunetion Avith some other l(*sion, hut may occur as an 
uiicom[»licated injury. (2) Fractiin*. of the neck may also occur, hut is usually 
comjilicatcd with other injury. (M) Fra-ctiiros of the shaft of the radius are \'cry common, 
ami may take place at any part of the horn*, 'fhey may he caused by dirce.t or indirect 
Aioleiu e. in fracture of the upper third of the shaft —that is lo say, above the insertion 
of the Pronatoi* teres — tlie displacement is very great. The upper fragment is strongly 
supinated by the Biee])s and Supinator brevis, and flexed by the Biceps ; w'bilo the loAver 
fragment is ])ronat(*d and drawn toAvards tlu^ ulna by the- two Pronators. If such a frai’turi^ 
he put uji in the ordinary position, midAvay betAveen sujiination and pronation, the bone 
Avill unite vAitb the uiiper fragment in a position of supination, and tlie lower one in the 
mid-position, and thus considerable impairment of the movement of supination AA’ill nrsult ; 
the liiiih should therefore he put u]) Avith the forearm supinated. (4) The most im])orlant 
fracture »)[ tin* radius is that of the lowea* end (Follcs’s fracture). The fracture is trans- 
A'crse, and generally takes }>lace about an inch from th(? lower extremity. It is caused by 
falls on the palm of t he hand, and is an injury of adv anijcd life, occurring more frequently 
in the hmialc than in the malt*. In consequence of the manner in AA^hich the fraeture 
is eaus(‘d, tht*. upper fragm(‘tit is driven into the lower, and impaction is the result ; 
excess of viole-net* may, however, disirapact, the loAver fragment being split into Iw'o or 
more pieces, so that no fixation occurs. Separation of the lower epiphysis of the radius 
may take jdaco in the young. 'I'lils injury and Colles’s fracture may be distinguished 
fiom other injuries in this neighbourhood- -especially dislocation, with which they are 
liable to be confounded — by observing the relative positions of the styloid processes of 
the ulna and radius. In the natural condition of jiarts, with the arm hanging by the 
side, the styloid process of the radius is on a loAver level than that of the ulna : that is to 
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J?m. 363.-W|of th« left-hand. Domd surface. 
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say, nearer the ground. After fracture or separation of thd epiphysis the styloid process 
of the radius is on the same level as, or on a higher l^efethan, that of the ulna, whereas 
it would be unaltered in position in dislocation. Reduction in^ the cose of Collefi’s 
fracture is usually easily effected by traction on the hand, the limb being subsequently 
splinted with the hand in the position of ulnar flexion. . ^ 

J THE HAND 

The skeleton of the hand (figs. 362 and 363) is subdivided into three 
.segni(^iits-~- tlie carpus or wrist bones ; the rnetacarjius or bones of the palm ; 
and the phalanges or bones of the digits. 


THE CAKI^tTK 

The Carpal bones (ossa cai-pi), eight in number, are arranged in two 
rows. ^Those of Uie upper niw, from the radial to the ulnar side, are named 
the scSpKbid, seffrifttear, oif^iforin, and pisiform ; tiiost; of the lower row, 
in the same order, are named the t raiiezp j^, os magnum , and 

u.ncifojaajj^ 

COiVlMOJS^ ( 'HAF{A(TETIS of the CAllFAIi Bo^'ES 

Eaeli bone (except iiig tlu*. pisiform) presents six surfaces. Of these the 
(Dtlcrior or mU miar am i riiejip.s/m‘or-.Qr durmlj^ro rough, for ligammtous attael^ 
imait ; the. vlorsal sui7aees being the broader, exee])t in the sc^Jiifmoid and seflS*^ 
liiimr. 'rhe superior or prox imal, and mliijdQr.or dislgl surfaces are artieuJiu', 
the superior generally eonvexTlb^' inferior eoneave ; the internal and external 
surfaces are also articular when in contact uitli contiguous boiuvs, otherwise 
they are rougli and tubercular. The strucduie in all is similar, ( onsisting of 
(jancellous tissue enclosed in a layer of compact bone. Each bone is ossitied 
from a single centre. 


Bones of the Uppeii Row 
. Scaphoid (fig. 364) , * 

The SciCpnoid (osnaviculare manus) is the largest bone of tlie first row'. It 
Inis j’eccived its name from its fancical rescan hlaiiec? to a boat. Ixing broad at 
on('. end, and narrow like a prow' at the other. It is situatcxl at th(i upper and 
ouler part of the carpus, its long axis being from above doAvti wards, outAvards, 
and forwards. The superior surface is convex, smooth, of triangular shape, 
and articulates with the lowra* end of the radius. Tlie in ferior surface, directed 
downwards, outwards, and barivw^ards, is also smooth, coriv<?x, ar^ triangular, 
and is divith'd by a sliglil ridge into two parts, tlie external articulating 

Eia. Jj04. — The left isoapfeoid.^ ^ ' ' 
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with the trirpy/.inT^ the inner with the ty^pev.njrL The dorsal surface presents 
a narrow, rough groove, which runs th f A ei L ty e length of the bone, and serves 
for the attachment of ligaments. The yzf?mr surface is concave above, and 
el(^vatod at its lower and outer part into a rounded projection, ihB^ J yhernsihf 
(tubercttlum oss. navicularis), which is directed forwards and gives attaoJiineht 
to the anterior annular ligament of the wrist and sometimes origin to a few 
fibres *of the ‘^Abductor noffipia^ c external surface is rough and narrow, and 
gives '^ttAchiherif to the 'eaetemeBMateral ligament of the wrist. The interml 
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surface presentB two artiOUlar facets ; of these, the superior or smaller is flattened, 
of semilunar form, and articulates wuth the semiluhar ; the inferior or larger 
is concave, fprining with the semilunar bone a concavity for the head of the 

Airiiculations.'^The scaphoid articulates with five bones : the radius above, 
trapezium and trapezoid below, os magnum and semilunar int(‘Tnally. 


L. f 


I Sem^unauj (fig. SCio) 


Tlie Semilunar (os lunatum) may be distiiiguislied by its d(iep concavity 
and ci*csc,entic outline. It is situated in the centre of tiie upper row of the 
carpus, between the scaphoid and cunoiforin. The superior surface, convex 
and srnootli, articuilatos with the radius. The inferior surface is deeply 
(•onca\'e, and of greater extent from before backwards than transversely : it 

articulates with the head 
of the os magnum, and, 
by ii long, narrow facet 
(separated by n ridge 
fj-om the gcjieral surface), 
with the unciform. The 
pulwar and dorsal sur- 
faces are rough, for iht^ 
attachment of ligaments, 
the former being the 
broader, and of a some- 
u'liat rounded form. The 
external surface prc'sents a narrow, llattened, S(*miliinnr facet for articulation 
with the scaphoid. Tin; internal surface is marked by a smooth, quadrilateral 
facet, for articulation uilli tlie cuneiform. 

’Articulations.- -The semilunar articulates with five bones : tln^ radius above, 
os magnum and unciform below, scaplioid (^vternally and cuneifovni intcnnally. 


Fig. 3G5. — 'ilio left semilunar. 

For cintfifonu For radius 



nform For os tnoffnon 



For sfophoul 


C'UNniFOKM (fig. 3fi()) , - 

'rin‘ Cuneiform (os triqu(‘trum) may be distinguished by its pyramidal 
sha])(^ and by an oval isolat(*d facid for .articulation with the pisiform bone. 
It is siluat(^d at tlie upficr and inmu* side of the (tarpus. The siijurior surface 
pres(*nts an internal, rough, non-artieular ])ortioii, and an external coiivt^x 
.articular portion, which articulates with the triangular fibn>-cart iiagt‘ of tlu*. 
wi'ist. The inferior surface, dire(;iod outwards, is concave, sinuously curved, 
and smootli for articulation with tlxi unciform. The dorsal surface is rough 
for the attachment of ligaments. 1'he palmar surface presents, on its innei* 


Fio. 3()G. — The lelL cnifciforin. 
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Fi( i. 3G7. — Th(i hif t pisi form. 
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part, ail oval faec^t, for ai'ticulation with the pisiform ; its outer pai-t is rough 
for ligamentous attachnKuit. The external 'surface, the base of the pyramid, 
is marked by a flat, quadrilateral, smooth facet, for articulation with the 
semilunar. Tlu^ internal surface, the summit of the pyramid, is pointed 
and roughened, for the attachment of the internal lateral ligament of the 
wrist. 

Articulations. — The cuneiform articulates with throe bones : the semilunar 
externally, the pisiform in front, the unciform below ; and with the triangular, 
interarticular fibro-cartilage which separates it fropa the lower end of the ulna; 
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Pisiform (fig. 367) 

The Pisiform (os pisifomie) may bo known by ilbs small size, ahd by its 
presenting a single articular facet. It is situated oii a plane anterior to the 
other caipal bones and is spheroidal in form, with its long diameter directed 
vertically. Its dorsal surface presents a smooth, oval facet, for articulation 
with the cuneiform : this facM^t approaches tlie superior, but not the inferior 
border of the bone. The palmar surface is rounded and rough, and gives attach- 
ment to the anterior annular ligament of the wrist, and to the Flexor carpi 
ulnaris and Abductor minimi digiti. The outer and mner surfaces are also 
loiigli,. the former being coiujave, the latter usually convex. 

Articulation. — pisiform articulates with one bone, the cuneiform. 


Jiol^Es OF THE Lower Row 
Trapezium (%.. 368) 

The Trapezium (os multangul.iiVn niajus) may be distinguished by a 
dee]) groove, for the tendon of the Flexor carpi radialis. It is situated 
at the external and inferior 2>aJ*t of the (;arj)us, Ixd.wceii the scajdioid and 
urst metacarpal bone. T ljc sujxrior surface i s directed upwards and inwards ; 
mternally, it is smootli, and arliculateS“willi the scaphoid ; externally, it is 
lough, and (iontiiiiioiis with llu‘ extemai surface. The inferior surface, 
direcied downwards and outwards, is oval, cHincave from sichrto^ff^^ 
frcun before backwards, so as to form a saddle-shapt‘d surface, for articulation 
with th(^ has(‘ of the first metacarj)al bone, '^r he^ ')}qlmar surface is narrow 

Fic. 308. — Tlic lell trapezium. 




J^'or Jut hirhtraijxil 

and rough. At its miper part is a deep groove, running from above obliqin^ly 
downwards and iiiw^arda : it tiunsmits the tendon of the Flexor earpi radialis 
and is bounded externally by an o blique rid g(\ This siirla ee ves to 

fb^e .AbdiJcU)!', Om>qneriSj_aiid and also affords 

attachment to tlie anterior annular ligament of tluj wmist. T^he dorsal surface 
is rough. The external surface is broad and rougli, for the attachment of 
hgaments. The internal surface presents t^o facets : the upper, large and 
c.oneave, articulates with the trapezoid ; the lower, small and oval, with the 
base of the second metacarpal. 

Articulations . — Tho trapezium articulates Avith four bones : the scaphoid 
above, the trapezoid and second metacarpal internally, the first metacarpal below. 
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369. — The left trapezoid. 
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Trapezoid (fig. 369) 

The Trapezoid (os multangulum minus) is tlie smallest bone in the second 
row . It may be know n by its wedge-shaped for*m, the broad end of t}u‘ w^edge 
forming the dorsal, the narrow^ end the 
palmar, surface ; and by its having 
lour articular -surfaces touching each 
ot h(U', and separated by sharp edges. Tlic 
superior surface, quadrilateral, smooth, 
and slightly concave, articulates wdth 
the scaphoid. The inferior surfdte 
articulates with the upper end the 
second nietaoarpal bone; it is'eonA^x 
from side to side, concave from before 
backwards, and subdivided, hy an 
elevated ridge, into two unequal lateral facets. 
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surfaces are rough for -the atiachment of Kgainents, the former being the 
larger of the two. The •e^f^nal surfacey convex and smooth, articulates with 
the trapezium. . The internal snrfa.ee is concave and smooth in front, for 
articulation with the os magnum; rough belhnd, tor the attachment of an 
interosseous ligament. 

Articulations. — The Irapozoid articulates wnth four l)Oiies : the scaphoid 
above, second metacarpal below, trapezium externally, and os iriagnum internally. 


' ; 'Os Maoisium .(fig. 370) 

The Os mag'num (os ca|)ifatum) is the largest of the carpal bones, and 
occmpics th(‘. ccuitrc of the wrist. It presents, abov(\ a rounded portion or 
head, whudi is r(^cciv(‘d into the concavity formed by the scaphoid and semi- 
lunar hones ; a (ionstricted j)()rtion or neck ; and below- this, tlie body. The 
sj jjxrior surfar.e is round, smo oth, and ardculates with tlu' semilunar. The 
inferior .s*v//7arc“is divided liy^TVyrTT^jd^^'s three fiicefs', for artic Illation 

with tJi(‘ second, third, and fourth metacarpal bones, that for the third (the 
middle fac.d) being tiu‘- largest. The dorsal surface is broad and rough. The 
'pahmr surface is nariow , rounded, and rough, for tlH'. attaelinnuit of ligaments 
and a part of tlie Adductor oblifpius poUieis. Tin' external surface articulat(\s 



Fk;. 370. — The left os iinignuni. 
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with the t rapezoi d by a small facet at its antt^rior interior angle, fxihind which 
is a j( ) u gh cle jh esTsi on for th<^ attachment of an interosseous ligament. Above 
this is a det*p, jougli groave, which forms part of tin* neck, and serves foi- 
ling atlacliimmt of ligaments ; it is bQiind(‘cl superiorly by a smooth, eonvi'X 
surface, foi* j^Tlieulation with the i iieilpliuid . The internal surface articulates 
with th(5 ui^otfhr m by a sjiiouth, (concave, oblong facet, which occupies its 
post(*ri()r arKHui^ej-ior ]iaj’ts ; it is rough in fiont, for the attachment of an 
interosseous ligament. /O L* e 

Articulations. — The us articulates with seven bones : tlie scdjwioid 

and s(\||i[(^nar above ; the second, third, and fourth mctacaipals below’ the 

T pejjoid on the radial side ; and the ujieiform on the ulnar-side. 

T». 




l^NCiFOiai (fig. 371) 


Tlu^ Unciform (os liamatum) may be readily distinguished by its wedge- 
sha[)ed form, and the hook-like iirocoss wiiich projects from its palmar 
surface. It is situated at the inner and low'cr angle of the carpus, w’illi its base 
downwards, resting on the two inner metacarpal bones, and its ajicx directed 
upw ards and outw’ards. The superior surface, the apex of the wedge, is narrow, 
convex, smootli, and articulates with the semilunar. The inferior surface 
articulates with the fouj th and fifth metacarpal bones, by concave facets wiiicii 
are sej:)aratcd by an antero-posterior ridge. The dorsal surface is triangular 
and rough, for ligamentous attachment. Tho-paZmar surface ]fresents, at its 
lower and inner side, a curved, hook-like process, the unciform process (hamillus), 
directed forw’ards and outw\irds. This process gives attachment, by its apex, 
to the anterior annular lisrament of the wrist and the Flexor oarpi ulnaris : bv 
its. aiM out® 
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I side is grooved for, the of tlte Flexor A^mlonsinto the palm of the 

ha ffl. It is one of the four eimnionces on the f of Tfif^al^us to wliicii tKe 
annular ligament of the wrigt ig^tached ; tlife others bem 
gaily, the Qbligpiie ridge of the aii^tl^ tube^^^ 

externally. V ' 4. „ 


lisiform 

e ^^atohoid 


internally, the pbliouc ridge of the — : 71 •. . - 

The mtcmal sulfate the cunoiform by an oblong 


Fiu. 371.-'-J'he left unciform 
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J'ac(‘t, cut obli(|uoly from above, downwards and inw'ards. The external surface 
artieuliit.i‘S with tlic os ina^um by its upjxM' and ])osterior jiart, the r(nnaining 
])ortion being rough, for the attaeliment of liganu'nls. 

Articulations. - The niKiform articulates widi live, hones : the semilumir above, 
the fourtli and iiitJi uietacarpals lielow, the cuneiform internally, the os magnum 
externally. 

THE METAi^VUrrS 

Tlio Metacarpus (jonsists of five cylindrical bones which are numbered 
from without inwards (ossa mctacairpaJia l-\'); each consists of a sluift and 
tw'o extremities. 

Common Characteks oe the Metacakpal Bones 

The shaft (eoipus) is prismoid in form, and curved, so as to be convex in 
tlie Jongii udinal direction behind, concave in front. It pr('seuts three surfaces : 
tw'o lateral and om^ dorsal. The laiaral surfaces arc concave, for the attach- 
ment of the Interosseous muscles, and separated from one another hy aprominent 
antcu’ior 1‘idge. The dorsal surface j)resonts in its distal two-thirds a smooth, 
tiiaiigula.r, flattened (U’ca w'liieh is cuyered, in the i’(‘oent state, by the tendons 
of the Extensor muscles. This surface is bounded by (wo lines, which 
(commence in small tubei'ch^s situated on either side of the digital extremity, 
and, running upwards, converge to meet sonu^ distance b(;liind the centre 
of the bone, and form a ridge which runs along th(^ rest of the dorsal surface 
to the carpal extremity. This ridge sciparates two lateral sloping surfaec^s 
fin- the attaeliment of the Dorsal interossei.* To llie tubercles on the digital 
extremities are altach(^d the lateral ligaments of the mctaearpo-phalangeal 
joints. . 

Tli’e carpal extremity or base (basis) is of a cuboid^ ^\*ni, and broader 
behind than in front : it articulates above with the carpus, and on either 
side with the adjoining metacarpal bones ; its dorsal and palmar surfaces are 
rough, for the attachment of ligaments. 

The digital extremity or head (capilulum) jii-ivsents aji oblong surface 
markedly convex from before backw'ards, less so from side to side, and flat- 
tened laterally ; it articulates with the proximal phalanx. It is broader, and 
extends farther forwards, on the palmar tiian on the dorsal asjieet, and is longer 
in the antero-posterior than in the transyi^e diameter-. On either side of the 
h(iad is a tubercle for the attachment of Me*^lateral ligament of the metacarpo- 
phalangeal jo int. T he dorsal broad and flat," 

valrmr surfa ce is grooved in the miHdlft Tmc for, 

01 ine Flexor tenH(ms , ana marked on either side by an articular eminence 
^ntmuous witn THe terminal articular surface. 

* By these sloping surfaces the metacarpal bones may be at once distinguished from tlio 
metatarsal bones. 
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Peculiar Characteks oe the Metacarpal Bones 

The first metacarpal bone (fig. 372) is shorter and stouter than the 
others, diverges to a greater degree from the carpus, and its palmar surface is 
directed inwards towards the palm. The shaft is flattened and broad on its 
dorsal surface,^ and does not present tJie ridge wliich is found on the other 
metacarpal bOnes ; its palmar surface is coijpave from above downwards. 
On its outejr border is inserted the Opiioiiens ^ollieis ; its inner bordjer gives 
origin to the outer head of the First dorsal ^ierosseous. Tl^e extremibj 

presents a concavo-oonv<*x surface, for articulation with the t^ape&um ; it has 
no lateral facets, but oyits outer side is a tubercle for the insertion of the 
Extensor ossis metacarjn pollieis. The ditjUal extremity is less convex than 
those of the other meiat^arpal bones, and is broader from side to side than from 
before backw ards. On its palmar surface are two articular eminences, of w hich 
the out(M’ one is the larger, for the two sesamoid bones in tlicj tendons of the 
F^lexor brevis pollieis. 

The second metacarpal bone (fig. 373) is the longest, and its base the 
largest, of tlie four remaining bones. Its anpal extremity is prolonged upw ards 

Fio. 372. — ^The first meta- 
carpal. (liCit.) 


For tnij>r:niin J''ur irojn 

and inwards, forming n 
2 )rominent ridge. It pi*e- 
sents four articular facets : 
thi’ce on the upper slll•fa(;(^ 
and one on tin? inner oi- 
ulnar side. Of the facets 
on the upjier surface the 
middle is the largest arul is concave from side to side, convex from before 
backu^ards for arti(julation wdtln-tlie small, flat and 

oval for articulation with the tv^p^^^m ; wie interna 1,/W^hg summit <jf the 
ridge, is long and nai row for articulation with the ojHflwrtum. Tlie facet 
t»n th»^ ulnar side articulates w ith the third metacaipal. T ho ^j^ten sor . i 
rt^mlis JknigLor is inserted on thp dorsal surface an d thp Flexor carpt'"radialis 
oh {he palhiar surface bl tins extremi^ 

The third metacarpal bone (fig. 374) is a little smaller than the 
preceding. Tlu? dorsal aspect of its carpal extremity presents on its radial 
side a pyramidal eminence, the styloid 'process, which extends upwards behind the 
os magnum ; immediately below this is a rough surface for the attachment 
of the Extensor carpi radiahs brevior. The carpal articular facet is concave 
behind, n at mlfro^^^ ahcParticS^cT^^ the os nil|ypQln(IB^On the radial side 
is a smooth, concave fao^t for articulation with the second metacarpal, and 
W the ulnar side two jsmall oval facets for articulation" wftli fne fourth 
ffi^asarfial. 



Fio. 373. — ^The second metacarpal. (I^ieft. 




- ... Poronf , 

. iraprz't'U virtornrnof 
trapvj^nl ' magnum trajir::u 
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Tfe fourth metacarpal bone (fig. 375) is shorter and smaller than the 
preceding. The carpal extremity is small and quadrilateral ; its superior surface 
presents two facets, a large one externally articulation \<dth the unciform 
" " ' ‘ X)n the radial side are two’ 


and a small one internally for tlie os..4»«gttU4j^^^] 
oval fact^ts, for arti(;ulation with th(5 f 


Fio. 374.— The third metacarpal. 


third nadacarpaJ ; and on the ulnar 
side, a single concave facet, for. the fifth 
metacarpal. 

The fifth metacarpal bone (fig. 370) 

pr(\sonts on its carpal extremity one 
facet on its sux)eri()r surfac(i, which is 
concav(w.ipnvex, and a]*ticulat(‘.s with 
the iincijifni, and one on its radial sid(‘, 
w hich Arti(;ulates with the fourth nieta- 
carpal. On its ulnar side is a ]>ro?nin<‘]it 
tubercle for the insertion of the tendon 
of t)ie Exieiisqr ul n^ris. Tlie 

d ( )rsal suiTaSr V )f ilu' slial'i i s ^ m a rk(Kl 
hy an oblique ridge, whicdi extends from 
near tlie ulnar sith^ of tlu^ u])p(’!r extrem- 
ity to the radial side of the lower. Tiic 
ouler division of this surfai'e servos for 
the at/taclimcmt of tlu? Fourth dorsal 
interosseous muscle ; the inner division 
is smooth, triangular, and covered by 
the Extimsor tendons of the little 
finger. 

their phalaii- 

g(*.al arJIcufmo^ the miitacarpal bojies 
articulate as follows : the first witli the 
t rap(*ziurn ; the second with the trap(*.zinni, 

trapezoid, os magmiTn and third rindacarp.il ; the third with 
ami second and fourth Jiietaearpals ; the fourth with the 
form, and tliird and fifth mctacarpals ; and the fifth ^^ith the 
tointh nietacar})al. 


(Uft.) 
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Kio. 375.— 'I’lui fourth metacarpal. (Li'Jt.) 
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Fro. 370.— Tlie fifth metacarpal. 
(Lett.) 
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The first has no lateral facets on its carpal extremity : the second has no lateral 
facet on its radial, but one on its ulnar side ; the third has one on its radial and 
two^on its ulnar side ; the fourth has tw^o on its radial and one on its ulnar side ; 
and jtho fifth has one on its radial side only. , 
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THE PHALANGES 

The Phalang'es (phalanges digitorum maims) are fourteen in number, 
^ i^ rre o for each finger, and two for the thumb. Each consists of a shaft and 
two extremities. TJie shaft tapers from above downwards, is convex pos- 
teriorly, (^onc^^e in front from above downwards, flat from side to side, 
and markr^cr^p^lly by rougli ridges, which give attachment to the fibrous 
sheaths of the FIgxor tendons. Tin* metacarpal extremities of the bones of the 
first row ju’esent oval, eoncav’^e articular surfaces, broader from side to side 
than from br^fore backwards. The proximal extremity of each of the bones 
of the sr^eond and tliird rows ])re.scnts a double concavity separated by an 
antcro-postei’ior median ridge. The distal eMremitien are smaller than the 
proximal, and each terminates in two lateral (^ondyles separatr'd by a shallow 

Eio. 377. — Plan of ossification of the hand. 



groove ; the articular surface extends farther on the palmar than on the dorsal 
aspect, a condition b(;st marked in the bones of the first row. 

The umjwd jdinlanges are convex on their dorsal and fiat on thedr palmar 
surfaces ; tlie.y are recognised by their small size, and by a rou^iened, 
elevated surface of a horse-shoe form on the palmar aspect of the distal 
extremity of cacli which serves to support the sensitive pulp of the finger. 

Articulations. -- In the four inner digits the phalanges of the first row articulate 
with those of the second jow’ and with the metacarpals ; the phalanges of the 
second row^ with those of the first and third rows, and the ungual phalanges with 
those of the second row'. In the thumb, which has only twd p‘\alanges, the first 
phalanx articulates by its proximal extremity with the metacarpal bone and by 
its di^al with the ungual phalanx. 
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Ossification of the Bones of the Hand 

The Carpal Bones arc each ossified from a single centre, and ossification pro- 
ceeds in the following order (fig. 377) : in the 05 niagnuni and unciform during 
the first year, the former preceding the latter ; in the cuneiform, during the third 
’ year ; in the semilunar and trapezium, during the fifth year, the former preceding 
the latter ; in the scaphoid, during the sixth year ; in the trapezoid, during the 
eighth y(‘ar ; and in the pisiform, about the twelfth year. 

Occasionally an additional bone, the os cefttmle, is found on the back of the 
carpus, lying between the scaiihoid, trapezoid, and os magnum. During the second 
mouth of foetal life it is represented by a small cartilaginous nodule, which usually 
fuses with the cartilaginous scaphoid. Sometimes th(j styloid process of the third 
metacarpal is detached and forms an additional ossicle*. 

The Metacarpal Bones are each ossified from two centres ; one for tlie shaft 
and one for the digital extremity of eacli of the four iniu'r bones : one for tin* shaft 
and one for the caqial extremity of tin* first metac-arjial bone.* It will be seen, 
tlien'fore, that the first metacarpal bon(*. is ossified in tlie sann^ manner as tlie 
phalanges, and this lias l(*xl some anatomists to regard tin* thumb as being made up 
of thr(*e pliaJaiiges, and not of a nnitacai-jial bone and two jihalanges. Ossification 
coDim(‘nces in tin? middle of tln^ shaft about the eighth or ninth week of foetal life, 
the centre for the, first metacarpal bone being tin* last to iipp(‘ar,.aiid gradually 
proeeeds towards (*itln‘r end of the bom* ; about the thi'.d year the digital 
(’xtremithis of tin* four inner metacarpals, and tin* base of the first metacarpal 
bt'gin to tissify ; th(\y unite*, with the shafts about^ the twentit*th year. 

The Phalanges arc oae’h ossified from Uco centres ; one for the sluift, and 
one for the proximal ext-Kuuity. Ossification begins in tin* shaft, about the eighth 
week of foetal life. Ossiti(*ation of the proximal extremity c-ommenc(‘s in tin* bones 
of the first row between tin*, third and fourth years, and a y(*ar la,l.(*]‘ in those of 
tin*, second and third rows. The two (-('ntres become united in (*ach row b(*tw(‘en the 
eight ‘Util and 1^^entieth years. 

In the ungual phalanges tlie centres for the shafts appear at the distal 
extremities of the ])halaiiges, instead of at the middle of tiro shafts, as in the 
oth(‘r phalanges. Moreover, of all the bon(*s of tin* hand, the ungual phalanges 
are the first to begin to ossifv. 

Surfavo Form, — On the, front of the. wrist are two suhcutanemis eminences, one on the 
radial side, the larger jind flatter, produced by tin* tuberosity of the seaplioid and tin* ridge 
on the trapezium ; the other on tin*, ulnar side, eaused by the jiisiform bone. The tuberosity 
of the Koai)lu)id can be felt just below and internal to the af)ex of the styloid process 
of the radius, between the tendons of the Extensor ossis mefin’arp'i polheis and Flexor 
earpi radialis ; it is best perceived by extending the hand on the forearm. Half an inch 
below tins tubt^reJe anotlier and belter marked promineiiee (;an be fell ; this is the ridge 
on the tra])ezium, whieh gives attachment to some of tin*, short muscles of the thumb. 

0 , the inner side of the front of the wrist the pisiform bone forms a small but prominent 
projection. It is some distance below' the lower end of tlu; ulna, and just bclow' the 
level of the styloid process of the radius ; it is crossed by tlie crease which separates the 
front of the forearm from the j^alm of the hand. The rest of the front of the carjnis is 
covered by tendons and the annular ligament, and is entirely concealed, with the exception . 
of the hooked process of the unciform, wdiieh can be, made out only with difficulty. The { 
back of the carpus is convex and covered by the Extensor tendons, so that the posterior 1 
surface of the cuneiform is the only bone wdiieh can be felt. Below the carpus the dorsal 
surfaces of the metacarjial bones, except the fifth, are cover«‘.d by tendons, and arc only 
visible in very thin- hands, llie dorsal surface of the fifth is, however, subcutaneous 
throughout almost its wliolc length, and is plainly to he pcret'ived and felt. Slightly 
external to the middle line of the hand is a prominence, frequently well marked, but ; 
occasionally indistinct, formed by the styloid process of the metacarpal bone of the 
middle finger. This prominoUee is in the same line as the dorsal radial tubercle, and is an 
inch and a half below it. The heads of the metacarpals are plainly to be felt and seen, 1 
rounded in contour and standing out in bold relief under the skin, when the fist is ^ 
clenched. It should be borne in mind that when the fingers are flexed on th€» hand, | , 
the articular surfaces of the first phalanges glide off the heads of the metacarpals on to 
their anterior surfaces ; so that the heads of these bones form the prominonees of the , 

* Allen 'ihoinson dferaoustrated the fact that the first m^jlljfearpal bone is often devclojK'd! 
from thre^ centres: Jiiat is to saip'i there is a separate nucleus for the distal end, forming 
distinct ^Iphysis visible at itbo age of seven gr eight years. He also .states that there are 
traces of a proximal epij^yeis ih the seoondinetacarpal bone. Journal of Anat, and Physiol, 1 861). 
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knuoklcH and rocoivo tho force of any blow which may be given. The head of the third 
motaoarpal bone is the most prominent, and receives the gi-eator part of the shock of the 
blow. This bone urticulates with the os magnum, so that tho concussion is carried 
through this bonc^to tho scaphoid and semilunar, with which tho head of the os magnum 
articulates, and liy these bones is transferred to tiie radius, along which it may be rarried 
to tho capilcHum of tho humerus. The enlarged ('xtromilios of tho phalanges can be 
plainly felt. When tho digits are bent, the proximal phalanges of tho joints form 
]»rominenees, whieli in the joints hotweeii tht‘ lirst and second jdialangos are slightly 
hollowed, in accordance witli 1h(‘ grooved slmpe of their articular surfaces, while in those 
between tJie second and third row's the f»romiiien<‘r‘H are lldticned and square-shaped. In 
the palm of the hand tlie four inner motacarf)al bones arc coveicd by muscles, tendonsg^ 
and the j>almar fascia, and no part td them but thtir heads is to hv distinguished. With 
regard to the tliiimb, tlio base of the metacarpal bone lorms a prominence on the 
doisnl asjiect, below the slyloid prtK'css of the radius; the shall can be fell, covjued 
by tendons ; it l(Tminatcs at its head in a flattened ])rominence, in front of which can be 
felt tlie si“^an)()id bones. 

Appliid Anafamy. -'Hie carpal bones are little liable to fraetme, execjd from extreme 
violenc(‘, when the ])arts are so comminuted as to necessitate amputation. ()eeasi(Hially * 
they an' the seat of tubereuloiis <lisease. The metacarpal bones and the jdialangc'* are 
s(unetimos lu’oken from dirci t \ iolenec*. TIktc aie two disease's of the metacarpal bones 
and ])halang(‘s which U‘(|iiire special mention on account of their frccpjcnt oceiiiTcn»*<‘- 
One is tuberculous dactylitis, consisting in a deposit of tuberculous material in the 
jucdnllary canal, (‘Xpansion of the bone, with subsespicnt cascatiuii and jjcerosis. 
The other is cliondroiiin, which is ])crha]>s more < online )nly found in e'euniection with the 
m(‘tacar]Kil bemes aiiel jih.il.nigc^ than with any olh(*i beincs. The* luinemrs are usu.illy^ 
inulti])le, and spring Irom beimath the periosteum about the' ej)ij)hyfial hue. * 


BONKS OK THE LOWER EXTREMITY 

^ TiIK Os If^NOMINATnJVJ 

The Os Innominatum (os (‘oxie) is a largo, irregularly sl)ap(‘(I, flattoiiod 
tone, coustriotod in tho oontro and ox])aiidod aliovo and bedow. It moots its 
follow of tho ()|)[)()sit(‘ sido in th(‘ middio line' in front, and logothe'r they form 
tho sid(‘S and antorior A^all of tho polvio^e'avity. It oonsists of throo paits, 
tho ilium, isoliium, aiurpubis, vvliioli are distinct from each other in tho young 
subject, but are fused in tlio adult to form a single bone ; the union of tht‘ 
throe parts takt*s plae e' in and around a largo oup-shap(‘d articular oavily, 
Ihe tumlabuhiill, wlhoh is situated near tlu^ middio of tlio outer surface eif tlu' 
bone. The {U.uni, so called because it supports tho flank, is tJic sujKuior 
broad and (expanded portion wbioh (‘xtonds upwards from the ae*<‘(abulum. 
Tli(‘ is the leiwost and strongest portion of the* bone; il ])roc(*i*ds 

dowjiw’ards from tho aoedahulum, expands inte) a largo tulKuosity. and (lien, 
curving forwa^s,' forms, with tho pubis, a largo aperture*, tlie obturator 
foramen. Thfi pu bhs extends inwards and downwards fremi the aeolaliiilum 
and articulates m tno middle lino with tho bemo of tho o])poHito side* : it f«»rins 
tho fremf of tho'pe'lvis and supports tho (‘xte*rnal ojgaus e)f tre*ne*ratioii. 

'Fhe* Ilium (os ilium) ])rosemts for oxaiuination two surfa(*os an oxte*rnal 
and an intt*rnal a crest, and twei beirdors an anterior and a post(*rior. 

The* ( Jcterml mrjfi cv tl ie ilium ( fi^ 37H) is ebvideMi parts— an 

a iieT a lb ^ if ghit('(iCporti<ni, 
kneiw'u as tho fTTr(M*ttKT*1K{oKW'arc^ and emtwareJs behind, and 

dow7iwards and enitw'aiels in front. It is smeieith, e*oiivex in freiiit, d(‘oply 
ejonenvo be*liind ; bemndod above by lliei e*roHt, boleiw’ by the* upper beirde'r of 
tlio aeotabulum, in front and behind by the anterior and postorieir beiideTs.) 
Tliis Hurfae'e* is crosse^d in an are»he*d (Uivction by tliree linens — tho suporieir, 
middle, and infe*rior our\e*el line's. T he s vycrior eir posterior curved Unv (line*a 
glutae)a ])e>ste‘nor), the* sheirtest of tlie 1 liroo. De*gifiH lit the cre^^T, 1^ 

i ne'hea in fremt of .i.L^ ijo^ltT ^ior extrn ; it is at first distinctly niafeef. 
but as it pas^ eTowrr\var3s 1 6*lKe^ u^eF part of the gieat gapiarflcig/lip notch, 
whei'c it ends, it be‘comes less distinct, and is often altoge^thcr lost. Belrmd 
this line is a narrow^ semilunar surface, the upper part of which is rough and 
gives origin to a portion of the iSltttgus moximus ; the lotver part is smooth 
>. and has no muscular fibres attached tcTil* glutaea 

anterior), the longest of the three, b^gint^jat the about ah inch and a 
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half behind its anterior extremity, and, taking a eurved direction down-^ 
^^ards apd backwards, ends at* the upper part of the great saoro-soiafac 
notch. IThe spa&e between the superior and middle curirod lines and the 
crest IS concave, and gives o^jigLA tJJ the Qluteus modii^ ^^fNear the middle 
of tins lino a nutrient foramen is often seen. Z? n|e_^hnea 

glutaca inferior), the least distinct of the throe, begins in front lit the notch 
on tlie anterior border, and, curving backwards and dovnuards, ends near 

Fia 378 , — Hit;ht os mnominatuin External sin face. 


Ctfsf of fjnnn 



the middle of tlie great sacro-sciatie notch. The surface of bone included 
between the middle and inferior curved lines is concave from above down- 
waids, convex from before backwards, and gives origin to the Qluteus mniimus. 
Between the inferior curved Ime and the upper part of the acetalliulum is 
a rough, shallow groove, from which the reflectpdL tendon of the Saciua* 
The lower thg enteiMi 

mlolEe iwmatioii of tha of whinh it fermii w.thflr icBB 

r 
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fifths. It is separated from the gluteal' portion by a prominent rim, >vliioh 
forms part of the margin of the acetabular cavity. 

T h fi MMrfncp. (fig. 379) of the ilium is bounded above by the crest ; 

below, it^'^coiiiffnuOT with the pelvic surfaces of the pubis and ischium, 
only a faint line indicating the place of union ; in front and behind, it is 
bounded by the anterior and posterior borders. It presents a large, smooth, 
concave surface, called the iliac fo ssa (fossa iliaca), which gives origin to the 
Iliaous and is perforated at its inner part by a nutrient canal ; and below this 


.379. — Right 08 innominatum. Internal surface. 



a smootli, rounded border, the linca ilio-'pcctinea , separating the iliac fossa from 
the portion of the internal surface which imters into the formation of the 
^^nd gives origin to part of the Behind 

the iliac fossa is a rough surface, divided into two portions, an anterior and a 
posterior. The anterior or Mirjnrp (facies auricularis), so called from 

its resemblance in sliape to the ear, i|i iritis iR therecent state, 

and articulates with a similar surface on the side of the sacrum, pl b e i pofltQ i^r 
iliaca) is elevated aiid for the at^ctanent.pf tne 
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li^amfflts and for the._jsri^d Hyft^ 

TRc^Tre^qt tja^^ium (crista iliaca) is convex in its general outline l>ut is 
sinuously curvea;' concave inwards in front, concave outwards behind. ^ 
It is thinner at the centre tlian at the extremities, and terminates in the [^[ 
anterior and ^posterior su'perior iliac spines. The surface-Of the crest is. broad 
and divided into an external lip, an intern 
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tubercle on the emter lip. To the external lip (labium externum) are attached^ 
the Ti Ij ^ gq i qp ^C m Obliquus externus abdominis, and Latissimus dors^^ 
and idong ^ i tsv!du )ie fe^^ i the fascia lata ; to the space between the lips (Imea s 
intermedia) the Internal oblique; to the internal lip (labium internum), the 
fascia iliaca, the Transversalis abdominis, Quadratus luiuborum, Erector Bpins^, » 
and Iliacus. . 

The anterioi^ harder of the ilium is concave. It presents two projcctioifs, 
separated by a notch. Of these, the uppermost, situated at the junction of the 
crest/ and anterior border, is called the anterior superior il iac spi ne (spina 
iliaca anterior superior) ; i | a„ qqt^w bordt^ r gives attnclimenfrTo Ihe fascia lata . 
and,^the TQpsor f ascia} f cm oris ; its inne. bo rder, to the I liacus ; while it s 
extremity afYords laUacTiment to 
s ytoriua ,, 

Sartonus, aim across which the external _ cu t ])asscs. B^w the 
noteh is the anterior inferior iliac spine (spina iliaca anterior inferior), which 
ends in the uppcFlif) of Uie acetabulum ; it my(^sat^chment to the straight 
t^cmimL, qf the Rectus feniyrji,^ [li<)-fe l i g a m ent o t^be hip-jomtl^ 

On the inner sid'^i'“M ' t'Ke an^^^ iDfSrior"’‘spme’^ is ' a oroaHT^ gmo ve7 

over which the Ilio-psoas passes. This groove is bounded internally by an 
eminence, the ilio-p ectmeaL which marks tiui point of union of the ilium and 
pubis. liii-liWitir ttfU, ' 

1’iie posterior border of I lie ilium, shorter than the anterior, also presents 


I wo projections separated by a notch, the pos terior ^np erior iliac spine (spina 
iliaca posterior superior) and the posterior Inferior ulac^sp^^ (spina iliaca 
posterior inferior). The former eprresponds with th at port jpp of 
surface of_tJieJlmflL-\Lhjcli^C£yes ft/r tiie ai^a&tuaealloX 


oTthe sacro-iliac ligaments and the JTiutifidus spina* ; the latter to the lower 
e$tT r I ifi ry^lif tTiO atfifiiSular surface*. Bi3(m 'the posterior inferior spine is a 
d(‘Cp notch, tlie qrcat sacro-sciaiic notch (inclsura ischiadica major)., 

TJie IscWum (os ischii) forms the loAver and back part of the os iiinomi- 
uatuni. unis divisible into a tliick and solid poition, tlii^ body ; a large, 
rougli (*min(*nce, on which the trunk rests in sitting, the tuberosity ; and a 
thin part, v\'hic}i passes forwards and slightly U[)\vards, the ramus. 

The body (corpus oss. ischii), somewliat liuangular in form, presents three 
surfaces, external, internal, and jiostc^rior ; and three borders, external, 
internal, and posterior. I’be external surfac e corresponds to that portion of 
t he aoetabulun) which is formed by the isciiiurn ; it is smooth and concave*., and 
constitutes a little more than two-lifths of the acetabular cavity. Between 
the acetabulum and the tuberosity is a di^f^p jl* 

tif < hft, <^xte riiu^^ runs a a ik..oasses out wards to be ins<^,e3 
di gital fo»B3 a e smootlV, ’(Sheave, and 

entorsm^^ the latend boundary of the true pelvic cavity ; 

it is perforated by two or three large, vascular foramina, and gives origin to 
liart of the The posterior surface is quadrilateral in form, 

broad and smobSh. It is limited, externSlv' Tby the ma of the acetabulum ; 
behind by the posterior border; it sujgpqi;t^i}^l^yriforniis, the two 

PM^ 11 ^^ 9 ^^iT^terIms, in their passage out^vards to the greaklrgnh^A^^^ 
Below '^vdieWTT]^ it p^'S^nts a groove continuous with tliat 

on the external surface for the tendon of the Obturator externus ; the lower 
edge of this groove is formed by the tuberosity of the ischium, and gives 
origin to the The forms the prominent rim 

of the acetabulum, ^n3!'"s8^atates the posterior from the external surface. 
To it is attached the coMoidligam^t. thin, andjCofiW 

the onter wr m The ^er 

presentgib t|j^ andmcii^ flie sjpine of the jgpma 
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isohiadica), liiore or less elongated in different subjects ; 





o - - -JT - o 7 tne (freat 

lS(^r6^ctaiic notch (incTsura iscfiiadica major), converted into a foramen by 
the small sacro-sciatic ligament ; it transmits the Pyriformis, the gluteal 
vessels, tin? superior and inferior gluteal nerves, the sciatic vessels, the greater 
and lesser sciatic nerves, the internal pudic vessels and nerve, and the nerves 
; to the Obturator internus and Quadratus femoris. Of these, the gluteal 
i' vessels and superior gluteal nerve pass out above tlie Pyriformis, the other 
structures below it. Below the spine is a smaller notch, the small sacro- 
V sciatic (incisurfi ischiadica minor) ; it is smooth, coated in the recent state 
with cartilap^, tlie surface of v liich presents two or tlircc ridges coiTesponding 
to the subdivisions of tlie tendon of the Obturator internus, .which winds over 
it. It is converted into a foraincm by the sacro-scial ic ligam('nts, aifd transmits * 
,, the tendon of the Obturator internus, tlie nerve wliich supplies that muscle, 
and the internal pudicj vessels and nerve. 

,1 1Bttliero§ity (tuber isehiadicum) jiresents for examination three 

'< surfaces : external, int(nnal, and posterior. 1^he extcrjfal su2j’(,tc€i^ quadrilateral 
ill shape, and rough for the attaelinieni of muscles. It is bounded above by 
the groove for the tendon of the Obturator exteriius ; in front it is limited by 
the posterior margin of the. obturator loramen, and below it is continuous 
with the ramus ; behind, it is boiiruh'd by a promimml margin which separates 
it from the posterior surface. In front of this margii\^tjLW^ surface gives origin 
to tin*, Quadratujjf^^ and antiu'ior to this to some of the fibi^ of origin'' 
of the Obrufardr externuS ; the lower pari of the sinfacjc'. giv(‘s origin to part 
of the internal surface forms part of the bony wall of 

the true pelvis. In front, it is limited by the posterior margin of the obturator ^ 
jjjimen. Behind, it is bounded by a sluii’p ridge, which gii:es attaehm(¥it * 
to a^Hrolform n rolpinr at ion of the great sacro’sciatic ligamen i. and, more 
rigin to flieTniiTs\ ei^?uTpemiibT vel elitoridis. 


anteiiorly, gi ws ongin to tlie rransversus nemucT ; 

The msUriorfMrface T h divided Info two portions : a Tower, "rotrgh, somewtfrtt 
triangular part, ana an upjier, smooth, ipiadrilateral iiortiom Th e anterior 
portion is s ubdivided by a prominent hmgitudinal ridge, passing IrmnhaseTo 



from the upper aml.y^ter art^a tlieSemi-membranosus arises : frimitho l ouer 
«Tnjl head of*tte Bjcc^s^and il lie J?enpfSj3i,ng^^^ 

The igi^us Tramus rnfeficiT dss. Xseliii) is the thin, flattened part of the 
T iscliium, which ascends from the tuberosity upwards and inwards, and joins 
|^.^the descending ramus of the pubis — the junction being indicated in the adult 
by a raised line. The oxif,et is uneven, for the origin of the Obtujator 

externus, and some of the fibres of the Adductor magnus ; its inner surface. 
forms part of the anterior wall of the pelvis. Its border is thick, rough, 
slightly everted, forms part of the outlet of the pelvis, and presents tw pjjdggs 
* ^< j^lLi i y;iirv,enh^ space . The ddgea are continuous with sirhilfir Elites on Inb 
descending riuh us of ^ pubis : to JJie ^outer ia__attaehed t he ^eep layer of the 

SUp^r^ciaIp«£UU^J^gcia f^n'[|i flf rnllrr^ tf^heiiinpj 
n| th^ t.riapg^i,ln.Tiliga.rnftn|, of thp pe nS^u in. ~If these two ridgesoWraSecrao^' 
wards, they will be found to join^vvith each other just behind the point of 
origin of the Transversus perinaei ; liere the two layers of fascia are continuous 
behind the posterior border of the muscle. “ 
i n fr ont of the point of ji 
af tac lied , ^hdT ii i1 

.^^for ^ ^ ^ clilqridis mificle.'* "'Its"’9Wer‘T52rrf^’''lsT!EinTal^ 

fornis p'ariXbf the inner margin of the obturfrtffr foramen. 

The Pubis (os pubis), the anterior part ot the os innominatum, is divisible 
into a bdlSy, an ascending, and a descending ramus. 

The l;>pdy (corpus oss. pubis) is somewhat quadrilateral in shape, and 
nrftSftnts for examination t wo^aiirfaces and three borders. The mterior surface 
is rough, directed do wnw ards and outwaros , and serves for the oriJIRW WIW HP' 
TKe Adduc tor longuB arises from the upper and inPer 
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immediately below the crest ; lower down 


extemus 


. « j ^ ' 



prosta tic Tigtu affcll 






few muscular fibres p r 

uBePcIeTwIiioxi projects forwards7fKe 
liar of the ext e rna l abdom ^ 

^upw'arasfi^ out 
nHgc, forming a part of the linea ' 
rue pelvis : to it arc attached a 




IS a we]I-a( 


iiixmimsm 


Ctube 

ring an d Pounart^ s liga 
wiff Jilnw WTlie' |f 'ii Kic ^ine is a weJl-a < 
ilio-pectinea which marks the brlWo ^ 

portion of the conioined tendon of tlie Internal obliq lie and ‘i^rahs versaiisi^ 
Gimbcrnat's liga i^f amll l^ elwng^^^ 

the spine oT the the rjx£i, wliieh erxtcncis from this process to the inner 

extremity of the bon(\ It affords attachment t o the ^^ co njoined tcpipdon the 

Internal oblique and Trans vcrsans, an(rTo !Jlio^'JlectusaM t lie 

point of jnmHion of the crest with Ihe inner border of "the ooiie is called 
; to it. as as to the symphysis. Uiq 
abdominal ring i s Thv mteruaJJ)prj;/er is articular ; it is oval, qpyijiied 

by eigJit or nine transverse rklg<‘s, or a se ries of nipple-like proeessos arranged 
iirti^^'i isiffparated by groove's ; they serve tor^ the attach nieut of a thin la^r 
of cartilage, place^d bet-Avecn it and the central filiro-cartilage. The 
presents a sliarp margin, which forms part of the ejir(uimft'.rence of the 
obturator foranien and aflords attaeihinent te) the obturator mciphrane. 

The ascending or supenor'‘ fa.llliiS (ramus 'kiperior oss. pubis) extends 
fj’om the body to the iioiiit of junction of the pubis with the ilium, and forms 
the ujiper part of tlu^ enrcuinference of the obturator foramen. It jiresents 
for (examination superior, inferior, and posterior surfaces, and an outer 
extiemity. The lucsents a (jontiii nation of the ilio-pectiiieal 

line, already mentioned fis commencing at the pubic spine. In front of this 
lino, the surfa(;t‘- of bone is trianiriiiar in form, wider externally than 
internally, smooth, and is c(u-ered Jjiv the r ef Tlie surface is bounded 
ext(‘rnally by a rougli em i noncCy^muGntta^^^^ , wh ich serves to indicate 

the point of junction of the ilium and pubis, and below by a prominent ridge, the 
ohfuraior crest (crista obturator] a), ^hieh extends from the cotyloid notch to 
th(! spine of the pubis. TJie iT^,frrior surfac e forms the upper boundary of the 
obturator foramen, and prescuits eAternalrv, a broad and deep, oblique groove, 
f or tJje passage of, the yb tu yalo r ^j^^els and^cJfVe r li-nd Imemally, a sTiarJ) 
margin wliicdi foriris part of the circumference’ of the obturator foramen, and 
gives at tach ment to t lie obturator membrane. Tli© 'pmUxw constit utes 

part of the anterior boundary of the true pelv is. It is sinocuu^ convex from 
above downwards, and affords origin to some fibres of the Obturator interims. 
TJio outer extremity, the thicVi^st patt of Hie raniu^, toM's 'bnc-fffth^^ the 
acetabulum. 


The descending or inferior ramus (ramus inferior oss. pubis) is thin and 
flattened. It passes outwards and downwards, becoming narrower as it 
d(\scends and joins with the ramus of the ischium. Its rough, 

fc»r the origin of^ muscles — the GraeiHS along its inner border ; a portion of 
the Obturatdf /Extern us where it enters into tluj formation of Hie Obturatoi* 
foramen ; and between these two, the Adduetoreh'TOevis et magrius from withip., 
outwards. Tlie^ps^mor sui^ce is smooth, and gives origin to the Obturator 
interrftei^and, closcrtcrtBlS’ inner margin, to the Qjjjmnjssor^^ Tltgijrfeiteir 

harder is thick, rough, and everted, especially in lemaiei! xt presents two 
I'idges, separated by an intervening space. Tlie ridges extend downwards, 
and are continuous with similar ridges on the ramus of the ischium ; to the 
external is attached the fascia of Colics ^ and to the internal the suT)ei;|Lcial 
layer of the triangular ligament of tl^ urethra. The outer harder is fnin 'and 
shafp71orM'^ jpiaW' 'df of "Hie obturator foramen, and gives 

attachment to the obturator membrane. 

The acetabulum, or cotyloid cavity, is a deep, cup-shaped, hemispherical 
depression, directed downwards, outwaids, and forwards. It is formed internally 
by the pubis, above by the ilium, behind and below by the ischium ; a little 
less than two-fifthe being contributed by the ilium, a little more than two 


' f 
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fifths by the ischium, and the remaining fifth by the pubic bone. It is bounded 
by a prominent, uneven rim, which is thick and strong above, and serves for 
the attachment of the cotyloid ligament, which contracts its orifice, and deepens 
the surface for articulanoh. ir presents below a deep notcli, 

(incisura acetabuli), whicli is continuous with a circular depression, th e in^. 
acetahvlL at the bottom of the cavity : this depression is perforated by 
numerous apertures, and lodges a mass of fat. The notch is converted into 
a foramen by the transverse ligament ; tlir^gh the foramen nuti’ient vessels 
and nerves enter the joint ; tju* margins o f the notch serve fo r the attachmen t 

forarthen (foramen obtiiratiim) is a large aperture, 
situaled between the ischium and pubis. In the male it is large and of an 
oval form, its longest di?\meter being obliquely from before backwards ; in the 
female it is smaller, and more triangular. It is bounded by a 1h in, uneven margin, 
to Avhich a strong membrane is attached : and presents, suf)eriorly, a deep 

Fio. ,380. — Plan of ossification of tlie os innoininatiiin. 


r*.. ^ Thrve prhnanj {LUumy Ischium^ mnl Os J*nhis) 

hy aghi vent res , 



The ihrfr prn/Ktr// renirvH iimtr Ihroufjh Y-Hhupal pircr ahoul puhcrttj. 

Kfnphjjsrs (ipju ar about ifitbcrtijy ami u)iitf about 'ITith near. 

groove (sulcus t»l)turatorius), which runs from the j)elvis obliquely inwards and 
downwards. This groove is converted into a foramen by a ligamentous band, 
a specialised part of the obturator membr<ui(‘, attached to two tubercles, one 
(tiiboiculum obturatoriuni libstcrius) on tb© internal border of the ischium, just 
in front of the cotyloid notcli, t lie .other (tuberculuin obturate ri \IR antciius) 
on the infeiior margin of the posterior surface of the ascending ramus of the 
pubis. Through ilu? foramen the obturator vessels and nerve pass out of the 
pelvis. 

Structure. — Tlu* thickest parts of tlic bone coiisLst of cancellous tissue, eucloseil 
between t wo layers of compact tissue. The thinner parts of the bone, as at tlui 
bottom of the acetabulum and centre of the iliac fossa, are usually semi-transparent, 
and composed entirely of compact tissue. 

Ossification (lig. 380). — I’he os innominatuin is ossified from eight centres : 
three primary — one c;acli for the ilium, ischium, and pubis ; and five secondary — 
one for the crest of the ilium, one for the anterior inferior spine (said to occur more 
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frequently in the male than in the female), one for the tuberosity of the ischium, 
one for the symphysis pubis (more frequent in the female than iu the male), and 
one or more for the Y-shaped piece at the bottom of the acotabulutn. The 
centres appear in the following order ; in the lower part of the Ilium, immediately 
above the sciatic notch, about the eighth or ninth week of fcetal life ; in the body 
of the ischium, about the third month ; in the body of the pubis, between the 
fourth and fifth months. At birth, the three primary centres are quite separate, 
the crest, the bottom of the acetabulum, the ischial tubcirosity, and the rami ol 
the ischium and pubis being still cai*1ilaginous. By the seventh or eighth year, 
the rami of the pubis and ischium are almost completely united by bone. About 
the thirteenth or fourteenth year, the three primary (centres have extended tlieir 
growtli into the bottom of the acetabulum, and are there separated from each 
other by a Y-shaped portion of cartilage, wliicli now presents traces of ossification, 
often by two or more centres. (Jne of these, the os acetabuL% appears about the age 
of t.welv(*, between the ilinin and pubis, and fuses with them about the age of 
eiglit(‘(a) : it forms the pubic part of tlic acetabiihun. The ilium and ischium then 
becouu; joincMl, and lastly the pubis and ischium, through the intervention of this 
Y-shaped portion. At about the, age of pii}>ei*ty, ossification takes place in eacli of 
th(‘ remaining portions, and they join with the r(ist of the bone between the 
twentieth and twenty-fifth years. {<(‘])aTatb centres arc frequently found for tin* 
pubic and ischial spines, and for the crest and angle of the pubis. 

Articulations.™ The os innominatum articulates with its fellow of ihe opposite 
side, a, rid with the saeruiu and femur. 

The Pelvis 

Tlio Pelvis, HO called from its reseinblanee to a basin, is stronger and 
mon; massividy constructeci than tlur walls of tlie cranial or thoracic cavities ; 
it is a bony ring, interposed b(‘tween Iho movable vc^rtebrm of the 8])inaj 
eolunui which it supports, and the lower limbs ujjon whiidi it rests. It is 
composed of four bones : the two ossa iiinominata laterally and in front ; and 
th<^ sacrum and coccyx behind. 

The p(‘lvis is divided by an oblique plane passing through tJio prominence 
of th(‘ sacj'um, the linea ilio-poetinea, and tlui upper margin of the symphysis 
jnibis, into the false and true ptdvis. The circumfcri*rice of this plane is termed 
tJie pr/vir brim. 

Tlu‘ false pelvis (pidvis major) is the expanded portion of the cavity 
siluatcil abov(^ and in front ol the pelvic bi'ini. It is bounded on each side bv 
the ilium; in front it is ineom[)lcl(*, presiuiting a wide interval between th(^ 
spinous jnocesses of the ilia ou either side, wdiieb is tilled up in tlu'. i‘ee(mt state 
by tlie parietes of tin* abdomen ; bidiind, in the middle lilu^ is a deep notch. 
Its walls support the intestines, and transmit part of their weight to the 
•interior wall of the abdomen; the term false pelvis is tJioi*(dore incorrect, and 
tlie space ought more pro])eiiy t(» be regarded as part of the hypogastric and 
iliac regions of the abdomen. 

The true pelvis (piUvis minor) is that })art of tlie pelvic cavity whicJi is 
situated below and behind tJui pelvic brim. It is smalh'r than the false pelvis, 
but its bony walls arc moni perfect. For eonvcriiene.o of description, it is 
divided into an inlet bounded by the superior circumference, an outlet 
bounded by the inferior eircumf(u*(uic«; and a cavity. 

The superior circvmfercnco forms the brim of the pelvis, the included spjice 
being called the inlet (a})ertura pelvis superior) (fig. 381). It is formed laterally 
by the ilio-pec tinea! lines, in trout by the crests of the pubic bones, and behind 
by the anterior margin of the base of the sacrum and saoro-vcrtebral angle. 
The inlet of the pelvis is somewhat heart-shaped, obtusely pointed in front, 
diverging on cither side, and encroached upon behind by the projection 
forwards of the promontory of the sacrum. It has three principal diameters : 
antero-posterior, transverse, and oblique. The antero-postcrior or conjugate 
diameter extends from the sacro- vertebral angle to the symphysis pubis ; its 
average measurement is four inches in the male, four and three-quarters in 
the female. The transverse diameter extends apross the greatest width of the 
inlet, from the middle of the brim on one side to the same point on ihe opposite ; 
its average measurement is tour and a half inches in the male, five and a 
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quarter in the female. The obliqup diameter extends from the ilio-pectineal 
eminence of one side to the sacro-iliac articulation of the opposite side ; its 
average measurement is four and ^ quarter inches in the male, and five in the 
female. 

The cavilij of the true i^elvis is bounded in front and below by the sym- 
physis pubis and tlie bodies of tlie pubic bones; above and behind,, by the 


Fig. 381. — Diameters of the pelvic inlet (female). 



aritejioi* eoticiiM^ surfaces of the sacrum and coccyx, which, curvinix foi’w aids 
above and bedow, contract the inlet and outlet of tlie canal ; laterally, hy a 
broad, sniootli, quadrangular area of bone, corresponding to the inner sinface 
id tlic body of the ischium and that j)art. of the ilium which is below the ilio- 
pectineal lino. The cavity measures an inch and a lialf in dej)th in fnml, 


Fig. 382. — Diumclcrs of the pcKic outlet (female). 



three inches and a half in the middle, and four inches and a half posteriorly. 
From tliis description, it will be seen that the cavity of the pelvis is a short, 
curved canal, considerably deeper on its posterior than on its anterior wall. It 
contains, in the recent subject, the pelvic colon, rectum, bladder, and part of 
the organs of generation. The rectum is placed at the back of the pelvis, and 
corresponds to the curve ()f the sacrum and coccyx ; the bladder is in front, 



PELVIS 

behind the symphysis pubis. In the female, the uterus and vagina occupy the 
interval between these viscera. . , „„„„„ ..nnlnnod 

The lower circumference of the pelvis is ywy _ irregular , 1 « hounded 

by it is named the imtlet (apertura pelvis 

behind by the point of the coccyx ; and latoally by the tubjo* tieg of the 
ischia. These eminences arc separated by three notches : 
pMc arch (arcus pubis), formed by the convergence of the ranu of 
and pubis on cither side. The other notches, one on either side, are ^ruud by 
the sacrum and coccyx behind, the ischium m front, and the i hum above . 
(hev are called the mcro-«ciatic notches ; m the naturd state they ‘ * J 

into foramina by the great and small sacro-sciatic ligaments. When the 

ligaments arc in situ, the outlet of tbe pelvis is b'/engc-shaped bounded, n 
front, bv the subpubic ligament and the rami of the pubes and iscliia , latu ally 
by the 'tuberosities of the ischia; and behind, by the great sacro-sciatic 

ligaments and the tip of the coccyx. , 

“ the outlet of the ticIvjs are two, antero-postenor and 



Fio. — Mesial sagittal 
section oi pci via. 


-quarter 

the length of the cocciyx, and is capable ()t 
increase or diminution, on account of the mobility 
of that bone. The 1 ransvej se diameter, measiu*€Kl 
betw(‘cn the posterior parts of the ischial tuber- 
osities, is tlirec nud a lialf iiuOies in the male, 
and four and lhr(‘(‘-(juartcr.s in the female.* 

(fig. 383). — A line at right angh's to 
the plane of the, inlet at its ccuitre would, if 
])ro1oiiged, [lass throngli t umbilicus abov(‘and 
tin; middle of the coccyx }>elow: the axis of 
the inlet is therefore direct'd downwards and 
backwards. The axis of llie outlet, produc(‘d 
upw’ards. would tou(!h the base of tbe sacruni, 
and is also dir(‘ct(‘d downwards, and slightly 
bafikw'ards. Tli(‘ axis of tlie cavity — i.e.an axis 
at right angles to a series of ])lanes bfdwecii tlios<‘, 
of the inlet and outlet - is curvfid like the cavity 
itself : this cairvc eorresponds to the concavity 
of the sacrum and coccyx, the extnunities b(‘,ing 
indicated by tin; (central points (»f the inlet and 
outlet. A knowledge of th(‘ direction of those 
ax('s serves to explain the course of the fectus in 
its passage through the pelvis during parturition. 

Position of the pelvis (tig. 383).— In the 
erect postun^, th(^ pidvis is placed obliquely w ith regard to the trunk : the j)lane 
of Uk; pelvic inh't forms an angle of from 50° to 00°, and that of the outlet 
one of about 15° w it h the horizontal plane. The pelvic surface of the symphysis 
pubis looks upwards and backwards, the concavity of the sacrum and coccyx 
downwards and foiwards ; the base of the sacrum in w(dl-formed female 
bodies being nearly four inches above tbe uj^pi'r border of the symiihysis 
pubis, and the a])ex of the (joecyx a little more thfin half an inch abov'i', its 
lower border. In eonsequonee of this obliquity of the pelvis, the line of 
gravity of the head, which passes through the middle of tlic odontoid 
process of the axis and the points of junction of the eurves of the vertebral 
column to the sacro- vertebral angle, descends towards tlie front- of the cavity, 
so that it bisects a line drawm transversely through the centres of the heads 
of the thigh-bones (see page 199). 

Differences between the male and female pelves. — The female pelvis 
(fig. 385) is distinguished from that of the male (fig. 384) by its bones being 
more delicate and its depth less. The w'holo pelvis is less massive, and its 



* 'I'he mca.surenients of tlie xdcIvls given above arc fairly aociirato, but difTorent Jiieasniv- 
iiicnts iire given by various authors, no doubt due in a great measure to dilTcrcnoes in the 
pliysique and stature of tlrj population from whom the inoasui’cments have been taken. 
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muscular impressions are slightly marked. The ilia are less sloped, and the 
anterior iliac spines more widely separated ; hence the greater prominence of 
the hips. The inlet in the female is larger than in tlie male ; it is more nearly 
circular, nnd its obliquity is greater. The cavity is shallower and wider ; the 


Fig. 384. — Male pelvis. 



sacrum is shoiier, wider, and its upper part is less curved ; th(‘ oblinalor 
foramina are triangular in sha])c and smaller in sizt^ than in the male. The 
outlet is larger and the coccyx more movable. The sacro-sciatic* iiot(‘li(‘.s are 
shallower, and the spines of the isehia project less inwards. Tlw^ tub(*rosil ies 


Fig. SSr*. — Fc'inale pelvis. 



of the isehia, and the acetabula are wider apart, and the former are more 
everted. The pubic symphysis is less deep, and the pubic arch is wider and 
more rounded than in the male, where it is an angle rather than an arch. 
In consequence of this the width of the fore part of the pelvic outlet is greater, 
a condition which^facilitates the passage of the foetal head during parturition. 
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The size of the pelvis varies not only in the two sexes, but also in different 
members of the same sex, and does not appear to be influenced in any way 
b}’’ the height of the individual. Women of short stature, as a rule, bav(‘ 
broad pelves. Occasionally the pelvis is equally contracted in all its dimen- 
sions, so much so that all its diameters measure an inch less than the average, 
and lliis even in well-formed women of average height. The princiipal diver- 
gences, however, are found at the inlet, and affect the relation of the antero- 
posterior to the transverse diameter. Thus the inlet of the pelvis may b(‘ 
elliptical either in a transverse or an antero-posterior direction ; the transverse 
diameter in th(i former, and the antero-posterior in the latter, greatly exceeding 
the other diameters. Again, the inlet of the j)elvis in some instances is seen 
to b(* almost eireular. 

The same difl’erences are found in various races. European women are 
said to have the most roomy pelves. That of the negress is smaller, circular 
in shape, and with a narrou' pubic arch. The Hottentots and Bush women 
j)oss(\ss the smallest pelves. 

In the fml'fhs, and for sevc'ral years after birth, the pelvis is small in 
I)roportion to that of the adult, and' the x)rojeetion of the sacro-veriebral angle 
l(\ss marked. The generally accepted opinion that the jkIvIs does not acquirer 
its sexual characteristics until after puberty has been shown to be erroneous,* 
th<' characteristi(! differ(»nc(*s between th' male and fcmitale pelvis b(nng 
distinctly indicated as early as the fourth itnont h of fcebil life. 


Snr/firc Farm. -Tiic [lelvic bones are so thickly covered w'itli muscles that it is only 
at certain points that they iipproacli the surface and can Ik* felt tlirough the skin. Tn 
Iront. the* aiiterioi* sup(‘rior sj)ino of tlie ilium is easily rec()gnis(Hl ; a portion of it is 
siiheutanooiiB, and in thin siilijeisls may he seen to stand out as a promineneo at the 
outer extremity of the fold of the groin. In fat subjects its jiosition is marked by an oblique 
dcjiression, at the bottom of which the liony process may be felt. Proceeding upwards 
and outwards from this process, the sinuously curved crest of tlu' ilium may Ix^ traced 
throughout its whole length. Its higliest point is on a level with the spinous process 
of tile fourth lumbar vertebra. : ii})on its out(*r lip, about two iiichc.s behind the 
anterior superior spine, is a prominent tubercle. The position of the crest is indicated, 
111 miiscidar subjects, by a grooii* or fumAV, tlio iliac Jnrrow, below' the projection 
of tlie fleshy libres of the ExU’rnal oblique muscle of the abdomen ; the iliac furrow 
lies slightly below the level of the crest. It terminates bidiind in the posterior superior 
spine, lh(* po.sition of wliieli is indicated by a slight de.pri\ssion on a level with the spinous 
process of the second sacral v('rl(d)ra. Between the two posterior superior spines, but 
at a lower level, is to be felt the sjiinous process of the third sacral vertebra. Anothet 
part of the bon> pelvis which is accessible to touch is the tuberosity of the ischium, 
situated beneath the giuU'al lokl, and, wdicn the hip is flexed, easily felt, as it is then 
line ov(*red by muscle. Finally, the sjiino of the pubis can be readily felt, and constitutes 
an important surgical guide, especially in connection with the subject of btjrnia. It is 
in nearly the same horizontal plane as the ujiper edge of the great troidiantcr. In thin 
t bjei-ts it is very apparent, but in the obe.se it is obscured by the pubic fat. It. can, how- 
ever, be detected by f(»llowiiig up the tendon of origin of the Adductor longus muscle. 

line, drawn from the anterior superior sjuue of tlui ilium to the most prominent part 
jof the tuberosity of the ischium passes across the hip at a level with the upper border 
!of the groat trochanter. It is kriow^n as NclcUon's line, and is of service in detecting any 
displacement of the troclianter in fracture^'OT'-dialoeations in this situation. If a line 
'be draw'll from the posterior superior spine of the ilium to the outer part of the tuberosity 
.of Die iseliium, it will cro.ss the s])inc of the ischium about four inches boloW the posterior 
jsuperior iliac sjiiiic. The great sciatic foramen will lie above, and the lessor foramen 
'below this point. 

Applied Anatomy . — There is arrest of development in the bones of the pelvis in oases 
of extroversion of the bladder ; tlie anterior part of the pelvic girdle being deficient, 
the bodies of the pubic bones imperfectly developed, and the symphysis absent. ‘ The 
pubic bones are separated to the extent of from two to four inches, the suiierior rami 
shortened and directed forwards, and the obturator foramen diminished in size, narrowed, 
and turned outw'ards. I'he iliac bones are straightened out more than normal. The 
sacrum is very peculiar. The lateral curve, instead of being concave, is flattened out 
or even (Uinvcx, with the ilio-sacral facets turned more outward than normal, while the 
vertical curve is straightened.’ t 


* Fehling, ZaUsohr. fur Gvhurt. //. Gyntik. lid. ix. iind x. ; and Arthur 'riioinson, Journal 
of Anatomy and Physiology, vol. xxxiii. 

t Wood. Heath’s IJicliOiuiry of Praotioal Sargt'ry, i. 42(1. 
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Fractures of tlio pelvis are divided into those of the false and those of the true 
pelvis. Fractures of the false pelvis vary in extent ; a small portion of the crest may be 
broken, or one of the spinous processes may be torn off, or the bone may be extensively 
comminuted. This latter accident is the result of some crushing violence, and may be 
complicated with fracture of the true pelvis, 'Pliese cases may be accompanied by injury 
to the intestine as it lies in the hollow of the bone, or to the iliac vessels as they course 
along the margin of the true pelvis. A fracture of the true pelvis generally occurs through 
the ascending ramus of the pubis and the ramus of the ischium, «as these are the weakest 
parts of the bony ring, and may be caused either by crushing violence applied in an 
antero-posterior direction, when the fracture occurs from direct force, oi by compression 
laterally, when the acetabula are pressed together and the bone gives wa}^ in the same 
place from indirect violence. Sometimes the fracture may be double, occurring on both 
sides of the bod^r. It is in these cases that the contained viscera are likely to bo injured : 
the urethra, the bladder, the rectum, the vagina in the female, the small intestines, and 
even the uterus, have all been lacerated by displaced fragments. Fractures of the 
a(;eiabulum are occasionally met with : either a portion of the rim may be broken off, 
or a fracliire may take ])laee through the bottom of the cavity, and the ht^ad of the 
femur be driven inwards and project into the pelvic cavity. Separation of the Y-shaped 
(!artilagoat the bottom of the acetabulum may also occur in the young subject, splitting 
tlie bone into its three })ortion8. 

The coccyx is not infrequently fractured or dis])lactid forwards to nearly a right ajigle 
with the sacirum by kicks or by falls backwards. The fracture is attended with great 
pain in walking and on making any expiratory effort, such ns coughing, dtifjccation. &c., 
i)ecausc the (.?()(;(;ygeus, which is attached to this bone, forms j>art of the pelvic diaphragm. 
Falls or blows on the coccyx, unaccoiffpanied by fractuie, sometimc‘s give ris(^ 1o scjverc 
pain, which is exceedingly intTaetal)le and dittieull of e.uie. The condition is known a.« 
coCAUjgndiinia^ and for its relief removal of the coccyx has been practised. 

The pelvic bones often undergo important <leformity in rickiis, the eilects of A\l)ieh 
in the adult woman may interfere seriously w'ith child-bearing. The delormity is iluc 
mainly to the w'eiglit of the^ spine and trunk, w'hieh ]>rt\ssos on tlie saero- vertebra I angle 
and greatly increases it, so that the antero-posterior diameter of the jxiKis is diminished, 
and may measure as lit1l(< as 1 J in(;hes, the enLran<;e into the j)clvis becoming reiiiform. 
In otlier (!ases all the })elvi(} bones give way, so that a general diminution in all the diameters 
of the pelvis results, the fjclvic eptrance becoming triangular or asymmetrical. If Ukj pubic 
symphysis be forced forwards, the rickety pelvis may even come to resemble closely the 
deformed pelvis of ostmrnalacia ; in this disease the w^eiglit of th(^ trunk causes an increase 
in the sacro-vertcbral angle, and a lessening of the ant(»ro-posterior diameter of the inlet , 
and at the same time the ])re.ssure of the heads of the thigh- Ixiiies on the acetabula causes 
those cavities, with the adja(;(uit bone, to be pushed upwards and backwards, so that the 
oblique diameters of tlie pelvis are also diminished, and the cavity of the jiclvis assum(*s a 
tri-radiate shape, with the symphysis pubis pushed forwards. 

" The Fetviuh 

The Femur (tigs. 3S7 and 3»S8), tlie longest, largest, and strongest l)ono 
in the skeleton, is almost ])(‘rfex;tly cylindrical in the greater jiart of its 
extent. In the erect posture; it is not verlhuil, being separated above frOm its 
fellow by a (jonsiderable interval, wljic.h corresponds to the breadth of tlie 
pelvis, but inclining gradually dowmvards and iinvards, so as to approacJi 
its fellow towards its lower part, for the purpose of bringing the kruH'- joint 
near the line of gravity of the body. The degrc'o of this inclination varu's in 
different jxjrsons, and is greater in the female than in the male, on account 
of the greater bnjadth of the pelvis. The femur, like other long bones, is 
^divisible into a shaft and tw^o extremities. 

The upper extremity (fig. 386) presents for examination a Jiead, a neck, 
a great and a small trocliaiitcr. 

The head (caput femoris), which is globular, and forms rather more than 
a hemisphere, is direei-ed upwards, inwards, and 
part of its convexity being above and in fi’ont. 
with cartilag e in the recent state, except ov(?i‘ a 
c apitis feiifiiqlsV wdiich is situated a little below 
gfv es' at t acliment to the l^amen^m teres. 

Tlie neck (collum femofiSJ^rs'^TOSi^E^ pyramidal process of bone, w hich 
connects the head wdth the shaft, and forms with the latter a wide angle. 
The angle is widest in infancy, and becomes lessened during growth, so that at 
puberty it forms a gentle curve from the axis of the shaft. In the adult, the 
neck forms, an angle of about 125° with the shaft, but this varies in inverse 


a little lorw aras, the greater 
Its siiyfa co ^ is smpoth. co ated 
depressed ovoig arey Tfiy^a 
and behind its centre, anil 
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proportion to the development of the pelvis and the stature. 

of tlie prominence of the hips and widening of the pelvis in the femah . 
neck of ilic tlugh-bonc forms more nearly a right angle with the shaft than it 


In consequence 
ale, the 


doi‘S ill the male. It has been stated that the angle diminishes in olg afije 
iincl that t he dire ction of theiieck becomes horizontal, but this statcmentis 
founded on^ msiittcJenr f hat the angle decreases 

during the jH'riod of growth, but after full growth has be(‘n attained it docs 
not usually undergo any change, ('ven in old age ; it varies considerably in 
difTcrent persons of the same age. It is smaller in short than in long bones, 
and when tlie jxdvis is wide.* Th(‘ neck is flattened from before back- 
\^ards, coniracted in the middle, and broadiu* (‘xtei'iially than internally. 
'J'he \(‘rtical dianudcr of the outer half is increased hy tlie obliquity of 
th(‘ lower edge, which slopes downwards to join tlx* shaft at tlie level of th(‘ 
small tiochiintcr, so that it measures one-third more than tlu' antero- 
posterior diameter. The inner half is smallm*, and of a mon* circular shape. 
Tlie fJiil^riur surfa rv of Uie_Jieck is iierforatcd })v numerous vascular foramina. 
TtH> poHhrwrHurfavv is sir MHilli, aM 111 1 1^ ^ ^ 

ant(‘ri()r ; it gives attachment to the pp^crior. jmL of the cU(psular ligament 
ot the liip-joint, aliout half an inch above ^lie posteiior intcrtroclianterie lino. 


Fi(,. :{S(). Upper cxtiemit> of nglil teiici Mewed hoin l.ehind and above. 



\\n' aft in nor fiordtr is short and thiek, and terminates externally at the great 
jnxdiantin- ; its surface is piM'forated by large foramina. Tin* inferior bordtr, 
long and naiTow, ciiives a little backv^ards, to terminate at the smali 
trochanter. 

The trochanters arc prominent processes of bom^ wdiieli afford leverage 
to th(i muscles wliieh rotate tlx* thigli on its axis. Tliev are two in number 
the great and the small. ' * 

The great trochanter (trochanter major) is a large, irregular, quadrilateral 
eminence, situated at the out<M’ side of the neck, at its junction with the upiier 
part of l}x‘ shaft. It is directed a little outwards and backw'ards, and, in 
the adult, is about three-quarters of an inch lower than the head. It presents 
for (‘xaininatioii tw'o surtaces and four borders. 

lateral in form, is broad, rough, convex, and v^^ nn 

which e^nd jL from the pos tero-sppcrinr tn 

serves for the inBertion ot tlie tondon_Qf the Glu teus ^ 

impression is a trian^ar sWfaee, soiiiSimes pa^oi the tendon of 

lie same muscle, sometimes smooth for the interposition of a bursa between 
I he tendon and the bone. q,pd Whintj I'h^ din crqpsil a 

smooth, Udangular suT*fai*e, over wiiieh the tei^oiq q| Tpfl,y ]||niia 

plays, a bursa being interposed. The f?i/c/wa?5iIr/Sre/ormuch less ex twit 

* Joitmnl of Anatomy and Physiology^ vol. xxiii. 
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than 

r^.t^r fiytAnjmg. and above and^ 
front of this Wn rmpression for the 
insertion of the Obturator i^ernip 
and Gemell i. The superior loraer is 
iwe ; it is thick arid irreeukr, and 
marked near the ceu e by an im- 
pression for the ‘tion of the 
f^jriformis. The ^ 

corresponds to the line af^7*^ictioii 
of the base of the trochanter with 
the outer surface of the eftiaft; it 
is marked by a rough, prominent, 
sliglitly curved ridge, which gives 
origin to the upper part of the 
\^as tus ex ter j i uB . T h e cr nfrrwr border 
is prominent and som<n\'hat irre- 
gular ; it alfords insejjbioii at its 
outer ])art to the Ghifeus minim us. 
Tlio posterior border is x ery promi- 
nent, and appears as a free, rounded 
edg(i, which bounds the back part 
^ortiie digital fossa. 

I'lie small trochanter (tro- 
eliariler minor) is a conical eminonire, 
wiiich varies in size in different sub- 
jects ; it- proj(‘cts from the low er and 
back part of the base of the n(‘(‘k. 
lts/>r/,sc is triangular, and connected 
xvith the adjacent i)ar ts of the bone 
by three well-marked borders : txvo 
of these are above — t he con- 

tinuous with the lower bordiu* of 
the neck, the external w ith tfie ])Os- 
torior intertroeluuiteric; liru^ — wliile 
tin; inferior border is iHintinuous w ith 
tlie middle division of tlu^ linea as- 
pera. Its summit, directed inwards 
and backwards, is rougJi, and ,gjv^ 
inst wtion t o tlie Itmdon of the Psojas. 

A weT(-uw of 

variable*- size, xvhich projects at the 
junction of tlie up])er ])art of the? 
neck wath the great troe^banier, is 
called tlie tv})ercU oi the Jeniur ; it 
IS the point of meeting of live 
muscles : the Gluteus^miflim^^^ 
t43acUiaJly, the V ftstus"extey ni |a^J oxv . 
and the tend^ of the pbjtai^or 
interims and - ab^ve. 

jTiiniiirig obliquely domi wards and 
inwards from the tubercjle is the 
xpir^l line, of the femur* ixc^^yimcu' 
^^^omemteric' line, (linea inter ti o- 
ehanterica) ; it winds round the 
inner side of the shaft, below the lesser 
trochanter, and terminates about 
two inches below this eminence in 
the linea aspera. Its upper half 
iu-jotmh, and affor^agfeEargtir 
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SfiS.— ^Right feum- Portecior ftnrfaoft. 

OBTCRATOB BXTSBNUR 


inteiT^. ^ ^ 

JoWnwardfl and inwardly from 
the summit of the great tto- 
chanter on the posterior surface 
of the* neck is a very prominent 
ridge, the posterior 
c j^mttcric /me^ (cnsla iat(Tt ro- 
(liimfeneay. Its uppe^ 
torms the posterior Do^r of 
t ljc j g^eat Tr ochanter, and ifs 
hTwIrTiOT ruiis ards and 
Jiiuardslo the upper and back 
}>art of the leaser troeJiantei*. 
\ slight ridge is sometimes seen 
( ojiimcTicm^ at)(3uT flie“trii^tle of 
i Ijo ‘poslci iof 'iMi'i’i lochanlci jc 
line, and ‘ passing vertically 
dow nv ards for about t wo inches 
<dnTlglhe back part of t lie shaft . 
it is called the JttKO quafhata, 
,iiid gTv('S attachtn<‘nt to th(' 
Ouadr^iis* fefndff*?" ITfi'd a fe^A 
f ^es o f “the Adductor magnus* 
(T('Ticrairv 'Hie re" Ts nu'fely 'a 
slight thick(‘ning about the 
middle ot the Jiitcit lochantcric 
line, inaikiiig the* atta( hm(*nt of 
tin uj)pe? pint of the Quadrat us 
f(‘inoi is Tins is tfu med hy some 
anatomists tfi(‘ 1nb(rcJ( of ihi 
il ^ ***" 

TJie shaft (coipus femoris) 
IS almost (‘ylindiical m foim, 
hut IS a little 1)1 oadei a bo\et hail 
in th<' c<*ntre,bToadcst andsomc* 
Nihat fLdtened from btdoK'hack 
\iaids b(‘lo\\. It is slight l\ 
•uclied, so as to be con\<'x m 
II out, and concave behind, u lure 
it Js strengtliencd by a proiiii 
nent longitudinal i i(lgc,th(‘ finat 
aspna. It piesents fui cxamiiia 
tioii tlnec borders, s(‘j)aratiiig 
three surfa(*cs. Of tJie tlirec 
borders, one, th(‘ lihea aspeia, 
is posterior ; the othei tuo aie 
])la(*ed laterally. 

TJ [^y asp(ta (fig. IkSS) is 
a pfdTSTfl?<"ii fUd ii ml iidge 
or crc'st , on the middle third of 
the bone, presenting an inner 
and an outer lip, and a nar- 
row, rough, intermediate space. 
yvbovc , the linen, as ppra is n ro- 
T6fag^a hv l.fiTOP 
external ridge is very rough, 
and runs almost vertically 
upwards to the base of the 
great trochanter. It is termed 


le 



Cap^fthn 

lifjamttif 
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tlia^]|Z||^^ru^^tuf>bro6itas fj^lutaea), and gives a^p/chment to part of the Gluteu s 
m^^SRIitBupper part is often elongalffid urrsl, filV wLiut'a 

^orooFTess well-marked, rounded tubercle, the trochanter lertiwt, is occasionally 
developed. i^ continued to the base of the 

small trochanter and jprivf^a fl|f.achmcnt to the Pe ctineus ; the internal ridge is 
lost above in the soiral lino of iTle*'leTYiiir ! hetweeu ^ portion of the 

tiilMHW;, Below, tlio liiiea asiiera " is prolonged by two Yidgea, 

enclosing between tJiem a triangular area, the (planum 

popliteum), im gn which the* poxilite al artery rejj^s. Oi tiieso two ridges, the 
outer is the moW pwJ/hhit'tiC a^d Wscehds^^ summit of the external 
fTAfl iiiTK^r ia less .marko^I, pspeciallv at ila uupcr part, where it jg 
crossed by the lemdfal artery . It termihafes. below, at the summit of the 
internal conayie, in a small tubercle, the wjuch affords 

to the te ndon of the A dductor magnus. 

From the inner^lip (labium niediale) of the linea aspera and its inner 
prolongations above and Ix'Iom , the V^ astus iuternus arises : and from tlie outer 
lip (labium latorale) and its outer prolongation jibove, the Yastus externus 
takes origin. Tlin^dtluctoj; niagnus i s inserted- int^p the linea aspcra7Tty*y!S 

. a nii .OjsLjniie r^ prolo^atlm i ' bej o w. B ervTCTi t ^ 


V^JtuaLlsai<‘m^S TiiiiH^es'am. at^TtCCt— ViZ. 

the Gluteus maximus iiistTied above and the short head of the Biceps arising 
l^lpw. BKween the Addnctoi* niagnus and thej^astus intern us 7ou r m u§clr *s 


I'm. 380. — Lower extremity ot right temiii viewed fioni below. 
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inaerted ! tlu' llidcus and JVctiiieu.s above; the Adduetoi* brevis and 
Adductor loiigus below. Tlie litiea aspera is pi‘rf orated a little below its eentn* \ 
by the nutHont canal, wliich is directed obliquely upwards. 

The two lateral borders of tlie femur are only slightly marked : the outer 
extends from the antero inferior angle of tlio great troclianter to the ant(*rior 
extremity of the external eondyle ; the inni'r from tli(‘ siiiral line, at a point 
opposite the small trochanter, to the ant <*rior extremity of tlie internal condyle. 
The inner border marks the internal limit of attachment of the CVureus. 

The anterior surface includes that portion of the shaft which is situated 
bet ween lu'^lbi^al borders. It is smootli, convex, broader above and 
below than in the centre, and slightly twisted, so that its upper part is directed 
forwards and a litth? outwards, its lower part forwards and a little inwards. 
From the upper three-fourths of this surface the Oure| ^ arises ; the lower 
^"fourth is separated from the muscle by the iiiterventibn of the synovial 

/ i T| | ^tY^ i Lra,t^ nf t)ie ki^^>e- joint and a bursa, and g ives origin to the Suberureu^. 
The tlie 7>^rtIonc>e£vv^&i the external border andlflhe 

outer up ol i lie ii nea aspera ; it is continuous above with the outer surface of 



^ liiiiortBoTTBPime^ aspera ; it is continuous above \<^ith the lower border of 
the necK, below with the inner side of the internal condyle : it is covered by 
the Vastus int emus. 


V 

Thfi lower ex' 

cuboid ii 
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(fig. 389)/ larger than the upper, is somewhat 

^ Its trShs verse diameter '^s greater than its antero-posterior ; 

it consists of two lateral oblong eminences known as In front, the 

condyles are but slightly prominent, and are separated from one another by a 
smooth sliafiow articular depression called the trnrMfin . ; behind, they project 
considerafaM and the interval between them forms a d('ep notch, tho inter- 
condyloidr^kh (fossa intercondyloidea). The eaderrial condyle (efindylus lateralis) 
is the molt prominent and the broader both in its antero-posterior and trans- 
verse diameters ; the internal wndvle (condylus medialis) is tne longer and, wfagp 
* the femur is held with itB Bhatt ]"erpenc^ projects Ipwer lev^l . WKSi, 

heWcver,nEli6 tGinuf is mTFs natural oblique posTubn the lower surfaces of the 
two condyh's lie practically in the same horizontal plane. The condyles are not 
quite parallel with one another ; the long axis of the external is almost directly 
antero-posterior, but that of the internal runs backwards and inwards. Their 
opposed surfaces, viz. the inner surface of the external and the outer of 
the internal, are small, rough, and concave, and form the lateral walls of the 
interoondyloid notch. This notch is limited above by a ridge, the linea inter- 
C4^ydlfioidim, and below by tlie central part of the posterior mar^^n oF the 
trochlear suiface. The postcTior cru cial is attac hed 

tq^the lower and front na rT fhe inner wall of the noten an^ 'thyam(ffl^ 
^•fiiclal lipafffHBir fA an impression 

surfa rg uj cacTi 

surmounted by a tuberosity. That on the internal condyle — tlic inner ti^erosity 
(epicondylus medialis)— is a large ^iiyex emi nence to w’^hich the internal lat eral 
lig^ent of the jmec jomiL^^ 

tubercle, already rcieiTca^o^mm bemnd it is a rou^ 


er head of the ' 


the 


3yluB 
attaelmient to the 


;qs. L'liat on Tne ex 
imaller and less prominent than 

j oiiit . Directfy btSISw^THl'a ali 'de]Sessioii?mm^^^ 
giTOve curtch obliquely upwaids and backwards to the posterior extremity 
of the (‘ondyle. Tins groove is s(q)arat€‘d from the articular sui'faee of the 
condyle by a prominent lip across whieli a second, shallower gioove runs 
vertically downwards from the depression. In the recent state tliese grooves ' 
are coverc^d wdth cartilage, l ^he .Popliteus arises from th^. depraasion ; 
fmi/L.ii lifi tihn nlifiM in tlr ' 

vertical groove when t lie Knee is extended. Above and behind 
tuberosity is an a^a ft!' flit* bflgjfl Clf tlir'ttuter Ii^a4 of the 
above and to the inner sid(‘ of which the Plantaris arises. 

The articular surface of the low<‘r end of the femiir occupies the anterior, 
inferior, and posterior surfaces of the condyles. Its front part is named the 
trochJe^j ytic^ilatfts ; it presents a 

median gi'oJlvc w hicli exfencTs dbw'nwards to tlio 

two lateral convexities, llie external of which is broader/ more "prominent, 
and extends farllier upwards than the internal. The lower and posterior 
jiarts of the articular surface constitute the tih ial s ur/ac^ for articulation 
with the corresponding tuberosities of the tnna'''TCti1t Bff pgl ^ i n Ar^^aart j 
These surfaces are separated from one another by the interoondyloid noteli 
and from tlie troeJilea by faint grooves which extend obliquely across the 
condyles. The outer of these grooves is the better marked ; it runs outw’ards 
and forwards from the front part of the interoondyloid notch, and expands 
externally to form a triangular depression. When the knee-joint is fully 
extended, the outer triangular part of this groove rests upon the anterior portion 
of the external semilunar cartilage, and its inner part comes into contact with the 
inner margin of the outer articular surface of the tibia in front of the external 
tubercle of the tibial spine. The inner groove is less distinct than the outer. 

It does not reach as far as the interoondyloid notch and therefore exists only 
on the inner part of the condyle ; it receives the anterior edge of the intemm 
semilunar cartilage when the knee-joint is extended. Where the groove ceases 
externally the trochlear surface is seen to be continued backwaids as a semi- 
lunar area close to the anterior part of the intereondyloid notch ; this semi- 
lun^ area articulates with the internal vertical facet of the patella in forced • 
flexion of the knee-joint. The tibial surfaces of the condyles are convex from 
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side to side and from before backwards. Each presents a double curve, its 
posterior segment being an arc of a circle, its anterior, part of a cycloid.* 

Fig. 390. — ^Longitudinal section of head and neck of femur. 



Structure. — The shaft of the femur is a cylinder of compact tissue, hollowed 
by a large medullary canal. The wall of the cylinder is of great thickness and 
density in tlie middle third of the shaft, where the bone is narrowest and the 

medullary canal best formed ; but above 
Fia. 391.— Scheme showing disposition of and below this the wall becomes thinner, 
principal cancellous laraella' in upper while tlie medullary canal is gradually 

filled up hy cancellous tissue, so that the 
upper and lower ends of the shaft (fig. 390), 
and the articular extremities more 
especially, consist of cancellous tissue, 
invested by a thin compact layer. 

The cancelli in the ends of the femur 
are disposed along the lines of greatest 
pressure and tension. In the upper end 
(fig. 391) the chief lamellse are arranged in 
the following manner. A series of bony 
planes at right angles to the articular 
surface of the head converge to a central 
dense wedge, which presents few and dense 
cancelli. The wedge is supported by 
strong lamellsB, which extend to the sides 
of the neck and are specially marked along 
its upper and lower borders. Any force therefore applied to the head of the femur is 
transmitted directly to the central wedge and thence to the junction of the neck 

* A (yycUnd is a curve traced by a point in the circumference of a wheel when the wheel is 
rolled along in a straight line. 
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witlbthe shaft. This junction is specially strengthened by a series of dense lamellse 
which extend from the lesser trochanter to the outer end of the superior border of the 
neck j this arrangement will obviously oppose considerable resistance to either tensile 
or shearing force. A smaller bar stretching across the junction of the great trochanter 
with the neck and shaft resists the shearing force of the muscles attached to this 
prominence. Tlicse two bars, one at the junction of shaft and neck, the other at the 
]un(?tion of shaft and great trochanter, form the upper layers of a series of art^hes 
which extend across between the sides of the shaft and transmit to the shaft forces 
applied to the upper end of the bom^. In the midst of the cancellous tissue of the 
neck is a vertical plane of compact bone, the femoral spur (calcar femorale) which 
commences at the point where the neck joins the shaft midway between the small 
trochanter and the internal border of the shaft of the bone, and extends in the 
direction of the digital fossa (fig. 392). This materially strengthens this portion of 
the bone. Another point in connection with the structure of the neck of the 
femur requires mention, especially on account of its influence on the production 
of fracture in this situation. It w'ill be noticed that a considerable portion of 
the great trochanter lies behind tlic 
level of the posterior surface of the 
neck, and if a section be made 
through the trochanter at this level, 
it will be seen that the posterior wall 
of the neck is prolonged into the 
trochanter. This prolongation is 
termed by Bigelow the ‘true neck,’ 
and forms a thin, dense plate of 
bone, which passes beneath the 
posterior intertrochanteric ridge 
towards the outer surface of the 
bone. 

In the lower end, the cancelli 
spring on all sides from the inner 
surfac.e of the cylinder, and descend 
in a perpcjidicular direction to the 
articular surface, the cancelli Ixiiiig 
strongest and having a more accur- 
ately perpendicular course above 
the condyles. In addition to this, 
however, horizontal planes of can- 
cellous tissue are to be seen, so that 
the spongy tissue in this situation 
presents an appearance of being 
mapped out into a series of cubical 
'•ompartments. 

Articulations. — The femur 
articulates with three bones : the 
08 innominatum, tibia, and patella. 

Ossification (fig. 393). — The 
femur is ossified from five centres : 
one for the shaft, one for th(^ 
head, one for each trochanter, and one for the lower extremity. Of all the 
long bones, except the clavicle, it is the first to show traces of ossification ; 
this commences in the middle of the shaft, at about the seventh week of 
fmtal life, and rapidly extends upwards and downwards. The centres in the 
epiphyses appear in the following order : in the lower end of the bone, at the 
mnth month of foetal life (from this centre the condyles and tuberosities are 
formed) ; in the head, at the end of the first year after birth ; in the great 
trochanter, during the fourth year ; and in the small trochanter, between the 
thirteenth and fourteenth years. The order in which the epiphyses are joined to 
the shaft is the reverse of that of their appearance : they are not united until after 
puberty, the small trochanter being first joined, then the great, then the head, 
and, lastly, the inferior extremity, which is not united until the twentieth year. 


Fig. 392. — Oilcar fomoralc. 



Bigolow on the Hip, Pliiladclphin, 186!). 
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Surface Form.— The femur is covered with muscles, so that in fairly muscular subjects 
the shaft cannot be detected, and the only parts accessible to the touch are the outer 
surface of the gre^it trochanter and the lower expanded end of the bone, ^e situation 
of the great trochanter is generally indicated by a depression, owing to the thickness of the 
Gluteus medius and minimus, which project alK>ve it. When, however, the thigh is flexed, 
and especially if it be crossed over the opposite one, the trochanter produces a blunt 
eminence on the surface, llic upper border is about on a level with the centre of the hij)- 
joint, and is indicated by a line drawn from the anterior superior spine of the ilium, over 
the outer side of the hip, to the most prominent point of the tulwosity of the ischium. 
This is known as N^laton’s line. The outer and inner condyles of the lower extremity 
are accessible to the touch. Tlie outer one is more subcutaneous than the inner one, 
and readily felt. The tuberosity on it is comparatively little* developed, but cau be 
more or less easily recognised. The inner eondyle is more Ihic'kly covered, and this gives 
a general convex outline to this part, especially when the knee is flexed. The tuberosity 
on it is easily felt, and at the upper part of the condyle the sharp adductor tubercle for the 
insertion of the tendon of the Adductor magnus can be recognisi^d without difficulty. 
When the knee is flexed, and the patella situated in the interval betw'cen the condyles 

and the ui)per end of the tibia, a part 



of the trochlear surface of the fennir 
can bo made out above the ])atclla. 

Applied Anatomy. — ^Thcre. arc one or 
two points about the ossification of the 
femur bearing on practice to w^hich 
allusion must be made. The low er end 
of the femur is the only epiphysis in 
which ossification has commenced at 
the time of birth. The i>rescnce of this 
ossiiic centre is, thcj'efore, a proof, in 
a new^ly born child found dead, that the 
child luis arrived at the full i)c*riod of 
utero -gestation, and is always relied 
upon in medico -legal investigations. 
The position of the epiphysial line 
should be carefully noted. It is on a 
level wdth the tidductor tubercle, and 
the epiphysis does not, thei’tjfore, form 
the whole of the cartilage -clad portion 
of the lower (*nd of the bone. It is 
essential to bcai* this point in mind in 
]X}rforming excusion of the knee, since* 
growth in length of the femur takes 
place chiefly from the lower c])iphysis. 
and any intorf(*rcnoe with the cj>iphy.sial 
cartilage in a young child would involve 
such ultimate shortening of the limb, 
from want- of grow^th, as to render the 
limb almost useless. Separation of the 
lower ejuphysis may take ijlaco up to 
the age of twenty, at which time it be- 
comes cornplcttily joined to the shaft 
of the bone ; but, as a matter of fact, 
few cases occur after the age of sixteen 


or seventeen. The epiphysis of the 
head of the femur is of interest principally on account of its being the seat of origin, in 
a large number of cases, of tuberculous disease of the hip-joint. In the majority of 
cases the disease begins in the liighly vascular and growing tissue at the end of the sliaft 
in the neighbourhood of the epiphysial cartilage, and extends into the joint. It should 
be noted tliat the epiphysis for the head is entirely intracdpsular. 

Fractures of the femur .are divided, like those. of the other long bones, into fractures 
of the upper end ; of the shaft ; and of the lower end. The fractures of the upper end 
may be classifled into (1) fracture of the nock ; (2) fracture at the junction of the neck 
with the great trochanter ; (3) fracture of the groat trochanter ; and (4) separation of the 
epiphysis, either of the head or of the groat trochanter. The first of those, fracture of 
the neck, is usually termed intracapsular fracture, but this is scarcely a correct 
designation, os, owing to the attachment of the capsular ligament, the fracture is 
partly within and partly without the cajmulo when the fracture occurs at the lower 
part ,of the nock. It g€Wierally takes place in old people, principally women, and usually 
from a very slight degree of indirect violence. Probably the main cause of its occurrence 
in old people is the senile degenerative change which takes place in the bone. Merkel 
believes that it is mainly due to the absorption of the calcar femorale. As a rule the 
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Fio. 396. — Bones of the right leg. 
Anterior surface. 

Ca.%milar ligament 

A ■ 


fit ffloid process ■ 

/ External [1 
^ lateral^ 
ligament jr 




Cajfsular 

Uga/meni 


^nc* miTtdi^ jf. 


Internal rwilholus 


presents above a smooth, oval, 
articular area, covered with car- 
tilage in the recent state, and 
divided into two facets by a 
vortical ridge, which descends 
from the superior border towards 
the inferior angle of the bone. 
The ridge corresponds to the 
groove on the trochlea of the 
femur, and the two facets to the 
inner and outer parts of the same 
surface ; the outer facet is the 
broader find deeper. Below the 
articular surface is a rough, con- 
vex, non-articular depression, the 
lower half of which gives attach- 
ment to the ligamentum patella? ; 
the upp,ciL,.hj&lf is 
the head -of. .thfi, tib^^ adipose 

tissue. 

'Tlie suj)erior border (basis 
patellfe) is thick, and sloped from 
behind, downwards, and forwards : 
it gives attachment to that por- 
^ tion of the Quadriceps extcuisor 
V whicli is derived from tJie Kectus 
and Crureus. The lateral border 
^ are Qiinher, converging below : 
•• tl)oy give attachment to those 
' portions of tlie Quadriceps ex- 
f tensor which arc derived from the 
^ external and internal Vasti. 

The apex (apex patellae) is 
pointed, and gives attachment to 
the ligamentum patella'. 

Structure. — The patella consists 
of a nearly uniform dense can- 
cellous tissue, covered by a thin 
compact lamina. The can colli 
immediately beneath the anterior 
surface are arranged parallel with 
it. In the rest of the bone th(^y 
radiate from the posterior articular 
surface towards the other parts of 
the bone. 

Ossification. — The patella is 
ossified from a single centre, which 
usually makes its appearance in 
the second or third year, but may 
be delayed until the sixth year. 
More rarely, the bone is developed 
by two centres, placed side by 
side. Ossification is completed 
about the age of puberty. 

Articulations. — The patella 
articulates with the femur. 


Surface Form. — The external 
surface of the patella can be felt in 
front of the knee. In the extended 
position of the limb the inner border 
of the bone is a little more pro- 
minent than the outer, and if the 
Quadriceps extensor be relaxed, the 


External maUeolm 
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bone can be moved from side to side and appears to be loosely fixed. When the joint is 
flexed, the patella recedes into the hollow tetween the condyles of the femur am the 
upper end of the tibia, and becomes firmly applied to the femur. 

Applied Anatomy . — The main surgical interest about the patella is in connection with 
fractures, which are of frequent occurrence. They are most frequently produced by 
muscular action — that is to say, by violent contraction of the Quadriceps extensor, while 
the limb is in a position of semiflexion, so that the bone is snapped across the condyles, 
and the fracture is transverse. Fracture of the patella is also produced by direct violence, 
such as falls on the knee, and here the fracture is usually stellate and the bone 
comminuted. The principal interest in these cases attaches to their treatment. Owing to 
the displacement of the fragments, and the difficulty there is in maintaining them in app<Mi- 
tion, union takes place by fibrous tissue, and this may subsequently stretch, producing 
wide separation of the fragments and permanent lameness. Truly satisfactory resulto 
after this fracture are generally only to be obtained by opening the joint and wiring the 
fragments together, and this is especially so when there is marked separation of the frag- 
ments owing to laceration of the lateral aponeurosis. 

It is an anatomical possibility, if the fracture involve only the low’^erand non-articular 
part of the bone, for this to take place without injury to the synovial membrane and 
without involving the cavity of the knee-joint. 

The Tibia 

Tlie Tibia (figs. 396 and 398) is situated at the front and inner side of the 
leg, and, excepting the femur, is tlie long'^st and largest bone of the skeleton. 
It is prismoid in form, expanded above, where it enters into the knee-joint, 
more slightly enlarged below. In the male, its dircc;tion is vertical, and parallel 
with the bone of the opposite side ; but in the female it lias a slightly oblique 
direction downwards and outwards, to compensate for the greater obliquity 
of the femur inwards. It presents for examination a shaft and two extremities. 

The ugper e xtremity, or hea d, is large, and expanded into tw^o lateral 
eminences^lI5"1i^<^^^^5. 'J'hc (facies artieularis superior) 

present s.. one on either side of the middle line 

(flgnT97). The inner of these is oval in shapes, and slightly concave from side 

Fio. 397. — Upper surface of right tibia, showing attachment of crucial ligaments 
and semilunar cartilages. 



to side, and from before backwards. The outer, nearly circular, is concave 
from side to side, but slightly convex from before backwards, especially at 
its posterior part, where it is prolonged on to the posterior surface for a 
short distance. The central portions of these facets articulate with the condyles 
of the femur, while their peripheral portions support the semilunar cartilages 
of the knee, which here intervene between the two bones. In the middle 
line, but nearer the posterior than the anterior aspect of the bone, is an 
em'inence, the of , ^^ibia (eminentia intcrcondyloidea), surmounted 

on either side by a prominent tubercle, on to the lateral aspects of which the 
facets just described are prolonged ; in front of and behind tlie spinous 
process are rough depressions for the attachment of the y>ostertor 

crumgj^jligaments and^^thg^^gfigulunar fibro-cartj^es (fig. oWJ). Tne_anierwr 
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ah6ve the tubercle, 



tuberositiefl are coiitiiiuouB \^ith one anotlier, forming a single 
large somewhat flattened area : tliis area is triangular, broad above, and 
perforated by large vascular foramina : narrow below where it terminates in a 

prominent oblong elevation of large size, t h^ ^aherch of tlie tibia (tuberositas 

^biee), wJiic hgi yes attachm ent to the ligani^tmn'p'atflll?''! ' tCSursa intervenes 
between the deep suWacc (sr'flK* pKi t of the* bone immediately 

.1.^ -LK.. ^ ^ tuberosities are separated from each 

, _ic which tb 

V ^ gamenf , a nd par^~ of tlie x^osteriof iSSent of 
The j wwcr h lterosittf (condylus medialis) presents p^|:i*r iQrlv 
a deep rransv^erse groo’^ff^fwi ••tW' insertion of the tgjjjJjjii^^^o^ 

-ITT— is convex, rongli and imuulncnt ;il gives 
^aliachlTOTit to the loinn ^ Ta r oral »^ameut . Tin* guirr iuhroisUy (comiylus 


hit (‘rails) ]jrescnts posteriorly ' a flat' aruemar facet , ^nc'aTTv (•if cuJar in form, 

c u,^t.>(l d^nwar<l«:yrpra^ 

is conve^v and rough, more prominent in front 


. . . rough, more prominent 

In in the mtenuiT : it ])rcseiits an eminonce, situated on a level vith the uj)per 
b()r(U‘r ol tJie tubercle of tlie tibia at the junction of its anterior and outer 
surfaces for tlie attachment of the iliQr jtib ial by id . Just below this a ])art 
of Iho Kxt enso r l o njjiis jjigit()rmiija^ “ftttfl a slijjjmm tlu) Bict'ps 
tendon IS in^fTea. ^ 

SilSJtt tibiie) IS of a triangular juismoid form, broad above, 

grriduallyaecreasHig m size to the eomineiiceinent of its lover fouitli, vliicli 
Ks its most slender part. It then enlarges again towards its lovm extreniity. 
It ])resents for examination three bordeis and three surfaces. 

tJie most jirominent of the three, is ealled the cn^t 
in' shut (ensla anterior) ; it oonHuenges nbnvft ni. p^o fiihnwar> and teiininat<‘s 
b flOW ai l thfe 'i margin of the inner malleolus. IF is sinuous and 

Jirominent in the up|K*i t w o-TTitrrt^ 'uf“TTs Vxtent, but smooth and rouiKh*d 
iielow ; it gives attaelimeiit t() the djyp outlie leg. 

Tli(‘ i ll^QXMftjrhQt^jr (inaigo medialis) is snuiofli and rounded above and 
below, but more iironiinent in the centre ; itjbggtnf} the back port of the 
ijlhcr tuber osity .and (‘iids at the xiosterior j^r^r of the IhTenTy malleolus"; 
Its upper part gi^nps-ttttaehiw^ ixr fTieWernanateraTl^ fhe hnee 

term extent rxx^’rr^i::::^^ . 

fronts nndifljgjUS’tL&P.wif* fibres of the 8oleub and Flexor^ongus digitoruni 
take ongin. ' •* 

T'hcw'^cr (iTisla interossea) is thin and prominent, 
esjieeiaUy its central part, ii-ndgiyys attachnient to ^ 

tieular facet,' an3 mfuniates below , 


I 


It eommenees above in front of the filVular ait., 

to form the boundaries of ar triangalhi* rough surface, for the attachment of 
the iatei:osseou8 ligament connect iiig the tiliia and fibula. 

The inUrnal svrfarr (facies medialis) is smooth, convex, and broader 
above than below ; its u^ipcT third, directed forwards and mwgirds, is c overed 
by the axioneurosis ^ei ivcjJ •.fcoMr^ie tefidwi (tf fhe Sa ftotn us, and by tlie 

of wdiTcTi-l!??' insW?^^ 

as far forward as the anterior bordei* ; in^h© rest ol its extent it is siib- 

eutajieQUfiL 

than the int(‘mal ; its 
^ nf fho 

. gradually forwards to the anterior 

ct of the bone, and is cove red from within outwards b y the ten dons of the 
i^flrtoVMi^i E xtensor fpn g usTialiueis , and Ead ^nsor 
■JTie MiShMor svriace. ( f ac les posterior) (fig/5S5]r 
the ohHqve line of the tibia 



as 


ifesenls, at its upper 


ts upper 

^ , --- - --3 - - ^^moa noplitea ). which 

^ back part of the articular facet for the fibula obliquely 




part, a prominent' ' ridge" t 

extends from the back pg 

dowmwards, to the intemal border, at the junction of its upper and rnldSe 



inner sj 


_ T iho J i yj ddlp fhj |jj|d.j^ ^ 

y<aSiC9LAdgp,wtatM,o partsTlKe rSige’ 
5ll mMSOT at Its commencement at tlie oblique line, but gradually becomes 
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indistinct below ; the inner an d broader portion g ives oriffla to_the Mexor 
l oag ii^ , ^ and jmrrower tO Tpatt bf the .npialiB yoaticus. 

The immaminff part "oT ' ' '*^'™**' 



V 


remaining part 
the posterior surface is 
smooth and covered by 
the Tibialis posti cus, 
Flexor IbugUy tTigjfUiUwi, 

l ucis. immediat Ay 
iHJT ODlique line is the 
medullary foramen, wliicjljjilf*^ 
is largo and directed 
obliquely downwards. 

The lower extremity, 
much smaller than the 
'iPF’i'. prfiSiints five sur- 
it IS prolonged 
downwards on its inruT 
siclt‘ as a strong process, 
the inti^rnal malleolus. 
"^riie injcrturirt^^ 
aiticularis inferior) is 
(luadrilaleral, and smooth 
foj.; ^.articulation with the 
astra^^jjjt*- coiKaxvc 

frotiT oefore backwards, 
broader in front than 
behind, and trn^'ers('d 
from before backn aids 
by a sliglit elevation, 
sc'parating two lateral 
depressions. It is 
continuous into r n al 1 y 
with that on the inner 
malleolus. ^ The a nterior 
surface of ex- 

treiiirPy is smooth and 
rounded above, jind 
CO vere d by th e Jiondons 
of the ExiensoFTniTscTes 

of the toes 7"^s lo^t’-er 

margin presThits a rough 
transverse depression for 
the attachment of the 
erior ligament of the 
JeTdl fltr '.me 
terior’VWfface is traversed 
hf”' a snaiiow groove 
directed obliquely down- 
wards and inwards, con- 
tinuous with a similar 
groove on the posterior 
surface of the astragalus, 
and serving for the pas- 
sage of the tendon of the 

Ij mE i M i to H gaB I h ift OTp . 
Tl^ft pre- 

senrs a mangttfffif'^ough 
depression for the attach- 
ment of the inferior 
roBseous lie 


Fio. 398.— Bones of the right log. Posterior surface. 
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depression is smooth, covered with cartilage in the recent state, and articu- 
lates with the fibida. The surface is bounded by two prominent borders, 
continuous above with the interosseous ridge ; they afford attachment to the 
anterior an d p osterior inferior tibio-fibular lig a ments. irUernal surfac e is 
p]^ongecl do^mv^ "TOHH" ft' ''yii®fig^ p^KWlda^ process, flattened from 
without inwards — the internal malleolus (malleolus medialis) . The inner surface 
of this process is convex and subcutaneous ; its outer surface (facies articularis 
malleolaris) is smooth and slightly concave, and articulates with the astragalus ; 

its anterior harder is rough, for the 
- attachment of the anterior fibres 
^f the iTvt-.ftT‘pnl of 

the anklc^oint ; horf ler 

presents a broauanSTdeS^^S^e 

Join s Hhaft flfrSSWa ob- 

ahout mh ffcnr liquely doAvnwards and inwards, 
and occasionaUy double ; this 
groove transmits the tendons of 

the internal malleolus is marked 
a rough depression behind, for 
the attachment of the internal 
lateral ligament of the ankle- 
joint. 

Structure. — ^The structure of the 
tibia is like that of the other long 
bones. The compact wall of the 
shaft is thickest at the junctioji of 
the middle and lower thirds of the 
bone. 

Ossification. — The tibia is ossified 
from three centres (fig. 390) : one for 
the shaft, and one for each ex- 
tremity. Ossification begins in the 
^ year Centre of the shaft about the seventh 

week of fcctal life, and gradually 
Loiver ,erU'cmitij extends towards the extremities. 

The centre for the upper epi- 
physis appears before or shortly after birth ; it is flattened in form, and has 
a thin tongue-shaped process in front, which forms the tubercle; that for 
the lower epiphysis appears in the second year. The lower epiphysis joins 
the shaft at about the eighteenth, and the upper one joins about the twentieth 
year. Two additional centres occasionally exist, one for the tongue-shaped 
process of the upper epiphysis, which forms the tubercle, and one for the inner 
maUeolus. 

Articulations. — The tibia articulates with throe bones : the femur, fibula, and 
astragalus. 



Surface Form , — A considerable portion of the tibia is subcutaneous. At the upper 
extremity the tuberosities can be felt just below the knee. The internal one is 
broad and smooth, and merges into the subcutaneous surface of the shaft below. The 
external one is murower and more prominent, and on it, about midway between the apex 
of the patella and the head of the fibula, is a prominent tubercle for the insertion 
of the ilio-tibial band. In front of the upper end of the bone, between the tuberosities, 
is the tubercle of the tibia, forming an oval eminence, which is continuous below with 
the anterior border or crest of the bone. This border can be felt, in the upper two-thirds 
of its extent, as a sharp and ficxuous ridge. In the lower third of the leg the border 
disappears, and the bone is concealed by the tendons of the muscles on the front of the leg. 
Internal to the anterior border is to be felt the broad internal surface of the tibia, slightly 
encroached upon by the muscles in front and behind. It begins above at the wide 
expanded inner tuberosity and ends below at the internal malleolus. The internal 
malleolus is a broad prominence situated on a higher level and somewhat farther 
forward than the external malleolus. It overhangs the^ inner border of the arch of the 
foot. Its anterior border is nearly straight ; its posterior border presents a sharp edge, 
which forms the inner margin of the groove for the tendon of the Tibialis posticus. 
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The Eibtjla 

The Fibula (figs. 396 and 398 ) is placed on the outer side of the tibia, 
with which it is connected above and below. It is the smaller of the two 
bones, and, in proportion to its length, the uwjist sle^dej: of the long. 

Its upper extremity is small, placed towards the back of the head of the 
tibia, below the level of the knee-joint, and excluded -iiom the formation of 
tjiis joint ; the lower extremity inclines a little forwards, so as to be oh a plane 
anterior to that of the upper end ; it pjrpjects below the tibia, andjorgjs the 
Outer part of the ankle. The bone presents for examination a i&tft and Jwo 
exEnmneiSr'' 

Tlic u pper extr f mjtY (capitulum fibulai) is of an irregular quadrate 

form, pr&entmg above a natteiied articu lar facet (facies articularis capituli 
fibulae), directed upwards, forWrds and inwards, for articulation with a 
corresponding facet on the external tuberosity of the tibia. On* the outer 
side is a thick and rough prominence, continued behind into a pointed 
eminence, thud.^tyloid process (apex capituli fibulas), wliich projects upwards from 
the posterior part of tbe head. Tlhfi^prpjpHloncc^. at its UTOer and m 
^ ypa^-attaohipeut to the tendon of the and to thejSng external Jateral 

ligament of the kpee, tlM^Ugauumt^dw^^ 
summit of tlie_sivloid nrocess i 










hother tubercle, tor .tUe attachment of the ppstefiof superior 
tibio-tiburar ligament caiid ffie origin of the upper fibres of the Soleus. 

Tlie" shaft (corpus fibulse) presents four borders — the antcrb-external, 
the antero-internal, the postero-extemal, and the postero-internal ; and four 
surfaces — anterior, posterior, internal, and external. 

The aniero-exlermil border begins above in front of the head, runs verti- 
cally downwards to a little below tlie middle of the bone, and then curving 
somewhat outwards, bifurcates so as to embraces tr ianfflilaiL_^bo^^^ 
surface immediatelv flhnvA t.ViA nntPir aiiT^ACft of the eYtemaJ maJJ^us. This 

he 
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The between the antero-extemal and 

antero-intemal borders. It is extremely narrow and flat in the upper tliird 
of its extent ; broader and grooved longitudinally in its lower third ; it serves 
for the origin of thr^ muscles, the 
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The ]fio0.erior mrjme is the space iiicluded bet^^■eou the postero-oxternal 
and the ^sES?8^®rernal borders ; it is continuous below with the triangular 
surface above the articular fiicet of the outer malleolus ; it is directed back- 
wards above, backwards and iiivards at its middle, directly inwards below. 
Its upper third is rough, for the origin of the Soleus ; lower part presents 
a trlatfgtn m '' sufftree. wjiLin^OTan,o *ttirti Bia 

tlic mlervemTig~parf/^c^^ W ciTvV^'rell by Uie origm b'f the 

Flexor ^Ipngus lialliicis. Near the middle of this surface is the niedullarv 
fOl^hVTrr^^i"Ts^ dowTi wards. 

internal the interval included bctA\eeu the antero-internal and 

the 130^ erd-mlernal borders Ti ia gmrTi ved for th e origin of. the Tibialia posticus . 

The external surfaccAii the space between tlie antcro-extcrnal and postero- 
external borders. It is much broader than the picceding, and often deeply 
groo\'ed ; it is directed outwfirds in Die upper two-thirds of its course, back- 
wards in the lower third, v here it is continuous with tlie posterior border' 

of the external malleolus, 
b'lf;. 400.— Lower extremity of rij;lit tibula. This surface is completely 

Internal aspect. occupied , by tlie Pei:onei 

longiis et brevis. 

The lower extremity, 
or external malleolus 
(malleolus lateralis), is of 
a pyramidal form, sonn*- 
wliat flattened from witli- 
out inwards, and is longer, 
and descends lowcir, than 
llie internal malleolus. 

rnf m is 

tinuous with the trian- 
gllM' sulSculahedu s su^ 

on the outer 

shaft. Tlio iriternal surface 
(figT‘400) presents in frorjt 
a smooth triangular facet 
(facies articularis malleoli), 
broader above than below, 
and convex from above 
0 downwards, which artieu- 
f,v plates wdth a corresponding 
'^suj'face on the outer side 
of the astragalus . Behind 
and beneatn tne articular 
surface is a rough depres- 
sion, which gives attach- 
ment to the posterior fasei- 


For_ 

((iil7'agah(H~ 
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For poHt. fditcic. of 
t'jcH. Jairral ligf. 


cuius of the external Jateral ligament of the ankle. 


or the attachmenT or the 


and rough, and jerked below by a depression fo 
c^u^ior the {65ciEen^^ 


The yoste rior h arder is 

Tonne 

g ive s 

itttsujuuius oi uie exicrnai laierai ngamenr. « 

Articulations. — The fibula articulates with two bones : the tmia and astragalus. 
Ossification. — The fibula is ossified from three centres (fig. 401) : one for the 
shaft, and one for each extremity. Ossification begins in the shaft about the 
eighth week of foetal life, a little later than in the tibia, and extends towards the 
extremities. At birth both ends are cartilaginous. Ossification commences in the 
lower end in the second year, and in the upper one about the fourth year. The lower 
epiphysis, the first to ossify, unites with the shaft about the twentieth year ; the 
upper epiphysis joins about the twenty-fifth year. 

Surface Form.--The only parts of the fibula which are subcutaneous are the head, 
the lower part of the outer surface of the shaft, and the external malleolus. The head 
can be felt behind and to the outer side of the outer tuberosity of the tibia, and presents 
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a Hniall, prominent, triangular eminence slightly above the level of the tubercle of the 
tibia. The external malleolus is a narrow, elongated prominence, situated on a {ilaue 
posterior to the internal malleolus and reaching to a lower level. From it may be traced 
the lower third or half of the external surface of the shaft of the bone in the interval between 
the Peroneus tertius in front and the tendons of the other two Peronei behind. 

Applied Anatfmy . — In fractures of the bones of the leg, both bones are generally 
fractured, but either bone may be broken separately, th*^ fibula more frequently than 
the tibia. Fracture of both bones may be 
caused by either direct or indirect violence. 

When it occurs from indirect force, the fracture 
in the tibia is at the junction of the middle and 
lower third of the bone. Many causes conduce 
1(> render this the weakest part of the bone. 

Thii fracture of the fibula is usually at a rather 
higher level. These fractures present great 
variety, both as regards their direction and con- 
dition. They may be oblique, transverse, longi- 
tudinal, or spiral. When oblique, they are for 
the most part the result of indirect violence, 
and the direction of the fracture is dowrnw'ards, 
forwards, and inwards in many eases, but may 
be downwards and outwards, or downwards and 
backwards. When transverse, the fracture is 
often at the upper part of the bone, and is the 
rt‘sii]t of direct violence. The spiral fracture of 
tin? tibia generally starts as a vertical fissure, 
involving the ankle-joint, and is associated with 
fracture of the fibula higher up. It is the result 
of torsion, from tw'isting of the body while the 
foot is fixed. 

Fractur(*s of the tibia alone are almost 
always the result of direct- violem^e, excejit w^herc 
the malleolus is broken off by twists of tbe foot 
Fractures of the fibula alone may arise from 
indirect or direct force, those of the lower end 
being usually the result of the former, and iho.se 
liigh<*r up being (jausod by a direct blow^ on tlie 
part . 

The tibia is the bone wiiich is most commonly 
and most extensively distorted in rickets. It 
bends at the junction of the middle and low’cr 
third, its weakest part, and presents a curve forwards with generally some lateral 
displae<;ment. 

'riie tibia is more often the seat of acute infective, iv'crosis than any other boru* in the 
body, and with the formation of the sequestrum, a large amount of new bony material 
is thrown out by the periosteum. The sequence of events in this disease can be very 
closely follow'ed in the case of tJie tibia, and it is not uncommon to lind a patient from 
whom the whole diaphysis of the tibia has been removed, going about with a new bone 
(‘utircly of periosteal formation. Chronic bone abscess is more frequently met with in the 
cancellous tissue of the head or lower end of the tibia than in any other bone in the 
body. These abscesses are very chronic, and in most cases the result of tuberculous 
osteitis, although they are sometimes duo to the organisms of suppuration or’ even the 
Bacillus typhosus. 

THE FOOT 


Fig. 401. — Plan of ossification of the 
fibula. From throe centres. 
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^J'he skeleton of the foot (figs. 402 and 403) eonsisls of three parts : the 
tarsus, metatarsus, and phalanges. 


THE TAKSUS 


The Tarsal bones (ossa tarsi) are seven in number : viz, tlie os calcis, astra- 
galus, cuboid, navicular, and the interna], middle, and external cuneiforms. 


TjiE Os Calcis (fig. 404)1^ ^ r > i ^ 


The Os Calcis (calcaneus) is the largest and strongest of the tarsal bones. 
It is situated at the lower and back part of tlie foot, serving to transmit the 
w^eight of the body to the ground, and forming a strong lever for the muscles 
of the calf. It is irregularly cuboidal in form, having its long axis directed 
forwards and outwards ; it presents for fixaminatinn^ix aurfa^. 
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Fio. ^ 2 . — ^Bones of the right foot. Doisal surface. 
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THE FOOT 


Fig. 403. — Bones of the right foot. Plantar sutiaoe. 
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The 8U'Dffi<yr*fiurfa£e is formed behind by the upper aspect of that part of 
the bone which • pro] eS s backwards to form the heel. This varies in length in 
different individuals, is convex from side to side, concave from before back- 
wards, and suppor ts a mass of fat placed* in fro nt of the tendo Achillis . 
I n front o f th is af5r*^S a OVi!il-»[ici pea tacet dtacies 

articuiaris postml)i^,"l{1fi1u^''T(5^ ' J convex from 

behind forwards, and articulates with the posterior _,caJb anean facet on the 

Fio. 404, — The left os calcis. a. Postoro-extornal view. u. Antero-internal view. 
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under surfi^u^e ofJ; bft asi^ga^u s- It is bounded anteriorly by a deep depression 
which IS cohtihued backwards and inwards in the form of a groove (sj^cui^.. 
calcanei). In the articulated foot this groove lies below a similar one on the 
surface of tiic, it }=ftfagalus. »and the t^oiorm a canal {Binus i ursi) for the 
l odgment th** intero.s^ ou?ngalcanefctds flftwfe id ligament; '""lh'T^ni_and to 
tlie inner si de of this groove is an ' fiOheav’eTromTBe^^ 

forwardsTand u^^^ long axis directed forw'ards and •utwards. This facet 
is frecmen tly divided into two by a notch : of the two, the posteriiS- and 


larger~(i'acie8 arBcuIaris inedia) i8'^“suppdf£od on a projecting process ^]bone, 
teraai^ the aiid afticulati^^- yrw— ^ 


lie anterior, 




OS CALCIS 


articularis anterior) is placed on the anterior part of tlie bqd^^a^ d arti^ 
witji the ^,n| .^rW n ni^ J'hB uoper^rfa^o: 

anterior arid extern^ to tiie facets, is rougli for the attachment of ligaments 
and faf the origin of the -Extensor brevis digitorum. 

The inferior surface is uneven, >vidcr behind tlian in front, and convex 
from side to side ; it is bounded posteriorly by two tubercles, separated by a 
depression ; the external (processus lateralis tuberis calcanei), snia,ll, promi- 
nent, and rounded, gives origin to part of tlie Abductor minimi digiti ; the 
internal (processus medialis tuberis calcanei), broader and larger, gives attach- 
ment, by its prominent inner margin, to the Abdu(*for haliucis, and in front 
to the Flexor brevis digitorum and the plantar fascia ; the depression between 
the tubercles gives origin to the Abductor minimi digiti. The rougli surface 
in front of the tubercles gives attachment to the long plantar ligament, and 
to the outer head of the Flexor accessorius ; while to a prominent tubei’cle 
nearer the anterior part of this surface, as Avell as to a transverse grooves in 
front of the tubercle, is fittached the short plantar ligament. 

The external surface is broad behind, and narrow in front, flat and almost 
subcutaneous ; near its centre is a tubercle, for the attachment of the 
middle fasciculus of the external lateral ligament. At its upper and anterior 
part, this surface giv(^s attachment to the external (jalcaiico-astragaloid 
ligament ; and in front- of th(‘ tubercle it presents a narrow surface marked 
by two oblique grooves. TJie grooves are sepHrated by an elevated'U’idge, or 
tubercle, which varies much in size in diflferent bones ; it is named the peroneefl 
tubercle (proeessus trochlearis), and gives attach uuuit to a fibrous process from 
the (’ixternal annular ligament. The superior groove transmits the tendon of 
the Peroneus brevis ; the inferior, that of the Peroneus longus. 

The internal surface is decqily concave ; it is directed obliquely downw'ards 
and forwards, and scarves for the transmission of the plantar vessels and norvi^s 
into the sole of the foot ; it affords origin to part of the Flexor accessorius. 
At its upper and fore part is. an eminence, the lesser process ox sustentaculum 
tali, which projects horizontally inwardfc, and gives attachment to a slip of 
tlic tendon of the Tibialis posticus. This process Ls concave above, and 
supports the middle articular surface of the astragalus ; below, it is grooved 
for the tendon of the Flexor longus haliucis; its anterior margin gives attach- 
Inenl- to the inferior calcaiieo-navicular ligament, and its inncT-, to a paji of 
the internal lateral ligament of the ankle-joint . 

The anterior surface (facies articularis cuboidca), of a somewdiat triangular 
form, articulates with the cuboid. It is concave from above, downwards and 
outwards, and convex in a direction at riglii aiis^les to this. Its inner border 
gives ailachment to the inferior calcaneo-navieular ligament. 

The posterior surface is piominent, convex, wider below than above, and 
divisible into three areas. The lowest of tljcse is rough, and covered by the 
fatty an<l fibrous tissue of the heel ; tlu^ middle, also rough, gives insertion 
to the tendo Aehillis and Plantaris ; w hile the higlujst is smooth, and is covered 
by a bursa which intervenes betw^een it and the tendo Aehillis. 

Articulations. — The os calcis articulates with two hones : the astragalus and 
cuboifl . 

The ^Astragalus ^fig. 405) K/ ? ’ • ^ . 

The Astragalus (talus) is the second largest of the tdfcal bones. It 
occupies the middle and upper part of the tarsus, supporting the tibia above, 
articulating with the malleoli on either side, resting below upon the os calcis, 
and articulating in front wdth the navicular. It consists of a body, a neck 
and a head. 

The superior surface of the body (corpus tali) presents, behind, a smooth 
trochlear surface (trochlea tali) for articulation with the tibia. The trochlea 
is broader in front than behind, convex from before backwards, slightly 
concave from side to side : in froi^it is confluent wdth the upper surface 
of the neck of the bone. The inferior surface presents tw^o articular areas, 
the posterior and middle calcanean facets, separated from one another by 
a deep groove, the sulcus tali. The groove runs obliquely forwards and 
out'Wai’ds, becoming gradually broader and deeper in front : it corresponds 
with a similar groove upon tlie upper surface of the os calcis, and forms, 
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when articulated with that bone, a canal (sinus tarsi) filled up in the recent 
state by the interosseous calcaneo-astragaloid liganK^nt. The 'posterior calcanmn 

Fio. 405. — Tlie left aslrcagahis. a. Sii])ero -external view. b. Infero-internal view. 

c‘. Inferior view. 



inf. HKtlh'olns 



V 



facet (facies ai*tB*iilari'. calcaiu'a ]>osterior) is larger and of an ov\al or oblong 
form. It articulates with the corresponding facet on the upper surf acci of the 
os calcis,* and is deeply concave in the direction of its long axis which runs 

* Scw'ell (Journal of Analoiuy ami Vtnj^iohujy., vol. xxxviii.) pointed ont ihat in about 
10 per cent, of these bones a small friniigiilar facet, continuous with the posterior calcanean 
facet, is present at tlie junction of the external surface of the borly with the posterior wall 
of the sulcus tali. 
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forwards and outwards at an angle of about 45'’ with the antero-posterior axis 
of the body. The middle cahanean facet (faeries calcanea articularis media) 
is smalJ, oval in form and slightly convex ; it articulates with the upper 
surface of the sustentaculum tali of the os calcis. The inter^ial surface 
presents at its upper part a pear-shap<;d articular facet for the inner 
malleolus, (jontinuous above with the trochlear surface ; below the articular 
surfaces is a rough depression for the atta(;hment of the deep i)ortion of the 
internal lateral ligament of the ankle-joint. The external surface i)resents a 
larg<r tJ-iangular facet, concave from above downwards, for articulation with 
th(‘ external malh'olus ; its anterior half is continuous above with the 
tiociilear surface ; and in front of it is a rough depression for the attach- 
ment of the anterior fasciculus of the external lateral ligament of tlu' ankle- 
joint. Fawcett * has directed attention to a facet which comes into contact 
with the inferior tibio-fibular ligament during flexion of the ankle-joint. It 
is situated between the posterior half of the out (u* border of the iiochlea and 
th(‘ corresponding part of the bas(‘ of the triangular fac^et for the external 
malh^olus. It is triangular in shape, the base being direct (‘d backwards ; below 
the base is a groove which affords attachment to the^poslerior fasciculus of the 
<‘xternal lateral liganumt of tlie ankle-joud. Th(‘ surface is narrow’, 
and travers('d by a groove, wliudi runs oblicjiudy do\vnw'ards and inwards, 
and transmits the temdon of the Fk^vor longus hallueis. Fxtevnal to the groove 
is a prominent tuberch*, to which the posltTior fasci(‘ulus of the external 
lateral ligament is attached ; this tubercle (processus i)ost(‘rior tali) is sonu‘- 
tirnes separat(‘d from tht r<‘st of the astragalus, and is tluui known as the 
os trifjonum. To the inmu* side of th(‘ groove is a sec^ond smalkn* tubercle. 

Th(* neck (collum tali) is diiycted forwards and inwards, and (^omj)rises 
the constricted j)ortion of the bom* between the body and the ON al head. Its 
upper and iuncr surfaces an* rough, for the attaclim(‘nt of ligaments ; its 
external surface is con(*ave, directed downwards and outwards, and is con- 
tinuous below with the de(‘]) groove for the interosseous calcaneo-astragaloid 
ligament. 

The head (ca])ut tali) looks forwards and itiwards ; its autfrior surfacf 
liresents a large, oval, convt‘X fac(*t (facu*s articularis naviculaj’is), for articu- 
lation with the navicular. Its inferior surface has tw’o fac(‘ts, which an* best 
s(*(*n ill the recent condition. Tin* inner of th(*S(% situated immediately in fiont 
of the middle calcaneal fac(*t, is convex, tiTingular .or semi-oval in shape, and 
rests on tlie inferior calcaneo-navicular ligament ; the outer is nanu'd \ \w anterior 
calcanean facet ; it is somewhat tlattenecl, and articulates with the facet on tlv- 
uj)j)t‘r surface of tlu* anterior ])art of the os calcis. 

Articulations. —The astragalus articulates vvitli four hones : tihia, tiluila, os 
calcis, and iiavieular. 

The (.Vnoii) (fig. lOfi) 

The Cuboid (os euboideum) is ])lae(*d on the ()ut(*r side of tin* foot, in front 


Flo. 400. — The loft cuboid, -v. Ant ero-internal view. n. Fosfcro-external view. 



of the os calcis, and behind the fourth and fifth metatarsal bones. It is of a 
pyramidal shape, its base being directed inw'ards. 


* JCdmbuTgh Medical Journal, 181)5. 
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The siiperio!' or dorsal surface, directed upwards and outwards, is rough, for 
the attachment of numerous ligaments. The inferior or plantar surface presents 
in front a deep groove (sulcus m. peronaii), which runs obliquely from without, 
forwai'ds and inwards ; it lodges the tendon of the Peroncus longus, and is 
bounded behind by a prominent ridge, to whicli tlic long calcaneo-cuboid 
ligament is attached. The ridge terminates externally in an eminence, the 
tuberosity (tuberositas oss. cuboidei), the surface of which presents a convex 
facet; on this facet glides the sesamoid bone or cartilage frequently found 
in the tendon of the Peroncus longus. The surface of bone behind the groove 
is rough, for the attacliment of tlie sliort plantar ligament, a fcAV fibres of 
the Flexor brevis hallucLs, and a fasciculus from the tendon of the Tibialis 
posticus. The external surface pi’csonts a deep notch formed by the commence- 
ment of the ])croneal groove. The posterior surface is smooth, triangular, and 
concavo-convex, for articulation with the anterior surface of the os calcis. Tlie 
anterior surface, of smaller size, but also irregularly triangular, is divided by a 
vertical ridge into two facets : the inner, quadrilateral in form, articulates with 
tlie fourth metatarsal ; the outer, larger and more triangular, articulates with 
the fifth. The internal surface Ls broad, rough, irregularly quadrilateral, present- 
ing at its middle and upper part a smooth oval facet, for articulation with 
the external cuneiform ; and behind this (occasionally) a smaller facet, for 
articulation with the navicular ; it is rough in the rest of its extent, for 
the attachment of strong interosseous ligaments. 

Articulations. — The cuboid articulates with four boiuis : the os calcis, 
external (uinciforni, and fourth and fifth metatarsals; occasionally v\ith a fifth, 
th(j navicular. 

The Naviouj.ar (fig. 407) 

The Navicular or Scaphoid (os naviculare pc'dis) is situated at the inner 
side of the tarsus, betwenm the astragalus behind and the three cuneiform 
bones in fionl. 

Th(^ anterior surface is convex from side to side, and subdivided by two 
ridges into three facets, for articulation with the three cuncilorm bones. The 
posterim' surface is oval, concave, broadtu* externally than internally, and 
articulat(\s Avith the rounded head of the astragalus. The superior surface is 
convex fiom side to side, and rough for the attachm(*nt of ligaments. The 


Fk;. 407. — The* leit navicular, a, AiitfTo-external view. ii. rostcro-intenial view. 



inferior snrface is irregular, and also rough for the attachment of ligaments. 
'Pile inti null surface presents a rounded tubercle (tuberositas ossis navieularis) , 
tlie low Cl* part of wliie-h gives attachment to part of the tendon of the Tibialis 
posticus. The external surface is rough and invgular for the attachment of 
ligaments, and occasionally i)rcsents a small facet for articulation witli the 
cuboid bone. 

Articulations. — The, navitmlar articulates w'ith four bones : the astragalus aiul 
the three cuuciforma ; occasionally with a fifth, the cuboid. 

The Tmteiinai^ CuNEiFOHM (fig. 408) 

Cuneiform (os cuneiformc primurn) is the largest of the 
It is situated at the imier side of the foot, between the 




The (Internal 

three cuneiforms 


navicular behind and the base of the first metatarsal in front. 



CUNEIFORM BONES 


367 


For lat mctatarhdl 


For '‘hid 
in(‘latarf>nl 


For 

mid rnnri; 


The internal surface is subcutaneous, and forms part of the inner border 
of the foot ; it is broad, quadi*ilateral, and presents at its anterior inferior 
angle a smooth oval impression, into which part of the tendon of the Tibialis 
anticus is inserted ; in the rest of its extent it is rough for the attacliment 
of ligaments. The external surface is concave, pn^senting, along its superior 
and posterior bord(irs, a narrow reversed L-shaped surface, the vertical limb 
and posterior part of the horizontal limb of which articulate with the middle* 
cuneiform, and the an- 
terior part of the liori- internal cuneiform, a. Antero- 

zontal limb witJi the internal view. b. Posfero-extcrnal view, 

second metatarsal bone : » 7* 
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; at its back 


part is a projniricnt tuberosity for the insertion of part of the tejidon of the 
Tibialis j)()sticus. It also gives insertion in front to part of the tendon of tJie 
Tibialis an ti(jus. I’he superior surface is the narrow pointed end of the wedge, 
and is directed upw'ards and outwards , it is rough for the attachment of 
iigaments. 

Articulations, — Tin*- internal euiH'iform articulates with four bones: the 
navknilar, middle cuneiform and first and second metatarsals. 


For iut. cnni ifona 


For aa ricnlar 


( Thk Midju.e Cuneifokm (lig. 409) 

Thet Middle Cuneiform (os euneiforme secundum), the smallest of the 
three, is of very regular wedge-like form, the broad (extremity being placed 
upwards, the narrow end downuards. U is situated between the other tw^) 

cuneiforms, and articulates 
/ u;. 409. -The left middle cuneiform, a. Antcro- with the navicular behind, and 
internal view. n. I*ostcro- external view. the scc^ond metatarsal in front . 

, . V '.riie anterior surface, tri- 

I J'o raariciiiar angular 111 form, Hlld imiTOWd* 

than the posterior, articulates 
CTjiy with the base of the second 

yj®, |Bf/ metatarsal bone. The posterior 

^ \ ^ ml surface, also triangular, articu- 

\ with the middle facet on 

the anterior surface of tlu^ 
‘ I navicular. Tho internal surf ace 

For hid metaturHul For ext. cuneiform preSClltS a reversed L-sliaped 

articular facet, running along 
the superior and posterior borders, for articulation wdth the internal cunei- 
form, and is rough in the rest of its extent for the attachment of ligaments. 
The external surface presents posteriorly a smooth facet for articulation with 
the external cuneiform bone. The superior surface forms the base of the 
wedge ; it is quadrilateral, broader behind than in front, and rough for the 
attachment of ligaments. The inferior surface, sharp and tubercular, is also 
rough for ligamentous attachment, and for the insertion of a slip from the 
tendon of the Tibialis posticus. 


For hid metaturHul For ext. cuneiform 
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Articulations. — TI k* iniildle cuneiforni iirticulatos with four bones : the 
navicular, internal and external cuneiforms, and second metatarsal. 

Tijk^Externaj.; CuxEiFOUM (fig. 410) 


1'%-' K 


The ^xternal* Cuneiform (os cuneiformc tertiuin), intermediate in size 
belu'een the two preceding, is of a very regular wedge-like form, the broad 
extremity being j}laced upwaitls, tJie narrow' end downwai'ds. It oceupies 
the eeiilre of tlie front row of tli(‘ tarsal bones, between the middle cuneiform 
inter?ially, tlje emboid ext<‘nially, tlie na\icidar behind, and the tliird meta- 
tarsal in front. 

The anterior surface, triangidar in form, articulates with the third meta- 
tarsal bone. The posterior surface ai*tieulates witli the most (external facet of 
the navicular, and is rough below’ for tli(‘ attaeliment of Jigamentous tibr(*s. 
The intermit surface presents an anterior and a ])()sterior articular facet, 
separat(‘d hv a lougl] depression : the anteiior, sonietinu's dividend, articulates 
witJi the outer side of tlie base of tlie second metatarsal bom^ ; tlie posttM'ioi' 
skirts the jiosleiior border, and artieiilales with tlu^ middle eiiiK'ifonii ; 
the rough depression giv(‘s attachment to ati inteross(vnis ligament. 1Mie 


Fio. 4U». --'I'hc leit oxternal cuuciforni. L^ostcro-intei'iial view. 
B. Antcro-cxternal view. 
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external surface also presents two articular facets, separal(‘(l by a I'ough 
non-art ieular surface: the aiit(‘rior fae(‘t, situatc'd at the su]K*rior angh^ of 
the hone, is small and semi-oval in sha])e, and artieiilates with the iun<‘r side 
of the base of the fourth metatarsal bone ; the f)osterior and larger one is 
triangular <)r oval, and articulates with the cuboid ; tlie rough, non-arlicular 
surface s(M‘V(‘s for tlie altaehmeiil of an interosseous ligament. 'Fhe tliree tae<‘ts 
for articulation with the three metatarsal bones are eoiitinnous with oik^ 
allot hoi‘ ; those for iuticiilat ion with the middle cuneiform and navicular 
are also continuous, but that for articulation with the cuboid is usually 
sejiaralt*. 'J’h(‘ superior or dorsal surface is of an oblong form, its jiostero- 
(‘xternal angle being ]>rolonged baekwaids. I’hc inferior or plantar surface is 
a rounded margin, and serves for the attaeliment of jiart of the tendon of tlie 
'Fibialis ])()stieus, jmrt of tli(‘ Flexor brevis hallucis, and ligaments. 

Articulations. — The external cuneiform articulates wdtii six bones : the navi- 
eiilar, middle cuneiform, cuboid, and secoml, third, and fourth metatarsals. 

The Metatarsus 

Tin'. Metatarsus consists of five bones which arc numbered from vvitliin 
utwards (ossa melatarsalia I.- V.) ; each presents for examination a sJiaft 
and tw’O extrmnities. 

Gummon Characters of the Metatarsal Bones 

The shaft (corpus) is prismoid in form, tapers gradually from the tarsal to 
the phalangeal extremity, and is curved longitudinally, so as to be concave 
below, slightly convex above. The posterior extremity, or base (basis), is 
W'edge-slieped, articulating by its teiminal surfa(;o with the tarsal bones, 
and by its lateral surfaces with the contiguous mctatfirsal bones : its dorsal and 
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plantar surfaces are rough for tlie attachment of ligaments. Tlie arderior 
(ixtrv/mity^ or head (capitulum), presents a terminal convex articular surface, 
oblong from above downwards, and extending fartiier backwards below than 
above. Its sides are flattened, and on each is a depression, surmounted by 
a tubercle, for ligamentous attachment. Its under surfaci^ is grooved in the 
middle line for the passage of the Flexor tendons, and marked on either sid(^ 
by an articular eminence continuous with the terminal articular surface. 

I^ECULiAR Characters ok the Metatarsal Bones 

The first metatarsal bone (fig. Ill) is remarkable for its great thickness, 
and is the shorti'st of all the metatarsal bon(‘S. The shaft is strong, and of 
well-marked jirismoid form. 'J'he posterior cxtreinily piesents, as a I’uk*, no 
lateial articular facets, but occasionally on 1h<‘ outer side there is an oval 
facet, by Avhich it articulates with tlu^ second metatarsal. Its terminal 
articular sui face is of large size and kidnt‘v-siiapcd ; its circumf(Tence is 
groovcil, for the tarso- metatarsal ligaments, and internally gives insertion to 
[)ait of the tendon of the Tibialis anticus : its inferior angle ])resents a rough 
oval prominence for the ins(‘rlion of llu tc'iulon of tlie P(‘roneus longus. The 
head is larg<' ; on its jdantar sinfaci' are iwo grooved fa(*(ds, over which glide 
sesamoid bones ; iiie facets ar(‘ s(‘])aratcd by a smooth elevat(‘d ridge. 


Fui. 411. — 'The first riiotalarsal. (Left.) Fi<i. 412. — TJic second metatarsal. (Left.) 
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The second metatarsal bone (tig. 412) is the longest and largest of the 
remaining metatarsal bones, being prolonged backwards into the recess formed 
by the three cuneiform bones. Its posterior extremity is broad above, narrow 
and rough below. It presents four articular surfaces : one behind, of a trian- 
gular form, for articulation with the middle cuneiform ; one at the upper part 
of its internal surface, foi* articulation with the internal cuneiform ; and two 
on its external surface, an upper and lower, separated by a rough non-articular 
interval. Each of these external articidar surfaces is divided into two by 
a vertical ridge ; the two anterior facets articulate with the third metatarsal ; 
the two posterior (sometimes continuous) with the .external cuneiform. A 
fifth facet is occasionally present for articulation with the first metatarsal ; 
it is oval in shape, and is situated on the inner side of the shaft near the base. 



360 


OSTEOLOGY 


The third metatarsal bone (fig. 413) articulates behind, by means of a 
triangular smooth surface, ith the external cuneiform ; on its inner side, by 
two facets, with tlie second metatarsal ; and on its outer side, by a single 


Fig. 413. — The third metatarsal. (Loft.) Fig. 4J 4.— The* fourth metatarsal. (Mt.) 
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Fig. 4ir). — 'fhe fifth metatarsal. ( Left. ) 


facet, witli the fourth metatarsal. The latter facet is situated at tlie upper 
angle of the base. 

T^he fourth metatarsal bone (fig. 414) is smaller in size than tlie preceding ; 
its 'posterior cxirenniy jiresents an oblique quadrilateral surfae<^ for articu- 
lation with llic cuboid ; a smooth facet 
on the inner side, dividend by a ridge into 
an anterior portion for articulation uith 
the third metatarsal, and a posterior 
])ortion for arthailation with the external 
cuneiform ; on tlu^ outer side a singje facet, 
for articulation with the fifth metatarsal. 

The fifth metatarsal bone (fig. 415) is 
recognised by a tubercular eminence, the 
tuberosity, on the outer side of its base. 
The base articulates behind, by a tri- 
angular surface cut obliquely from without 
irnvards, with the cuboid ; and inter- 
nally, with the fourth metatarsal. On 
the inner part of its dorsal surfax^e is 
inserted the tendon of the Peroneus 
te,rtius, and on the dorsal surface' of the 
tuberosity that of th<i Peroneus brevis. 
A strong band of the plantar fascia con- 
nects the projeejting part of the tubero- 
sity with the outer tuberosity on tlie 
under surface of the os calcis. The 
plantar surfaeje of tlie base is grooved for 
the kvndon of the Abductor minimi digiti, 
and gives origin to the Flexor brevis 
minimi digiti. 

ArticulatioiLB, — Each metatarsal bone articulates with one or more of the tarsal 
bones by its proximal extremity, and by the other with one of the first row of 
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phalanges. The first metatarsal articulates with the internal cuneiform, the 
second with all three cuneiforms, the third with the external cuneiform, the 
fourth with the external cuneiform and the cuboid, and the fifth with the cuboid. 

Phalanges 

The Phalanges (phalanges digitorum pedis), both in number and 
general arrangement, resemble tliose of the hand ; there being two in the 
great toe, and three in each of the other toes. They differ from them, how- 
ever, in their size, the shafts being much reduced in length, and, esi^ecially in 
the first row, laterally compressed. 

The phaJanges of the first row (dosely resen) ble those of the hand. Tlie 
sJuifi of each is compressed from side to side, convex above, concave below. 
The posterior extremity is concave ; and the antejrior extremity presents a 
trochlear surfac'o for articulation with the second plialanx. 


41(). — Plan of ossification of the fool. 



The phalanges of the second row are remarkably small and short, but 
rather broader than those of the first row^ 

The ungual phalanges, in form, resemble those of the fingers ; but they 
are smaller, flattened from above dowmwards ; each presents a broad base 
for articulation with the corresponding bone of the second roAv, and an 
expanded extremity for tJie support of the nail and end of the toe. 

iUticidations. — In the four outer toes, the phalanges of the first row articulate 
behind with the metatarsal bones, and in front with the second phalanges, which 
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in th(*ir turn ai^iculato with the first and third : the ungual phalanges articulate 
with the second, "^n the gr(‘.at toe the first phalanx articulates behind with the 
metatarsal hone and in front with the ungual phalanx. 

Ossification ok the Bones of the Foot (fig. U6) 

1'he Tarsal bones are each ossiiied from a single centre, excepting the os calcis, 
wliich has an eiiiphysis for its posterior extremity. The centres make their 
a])|)carance in the following order : os calcis, at tlie sixth month of foetal life ; 
astragalus, about the seventh month ; cuboid, at the ninth month ; external 
cuneiform, during the first year ; internal cun(*iforni, in the third year : middle 
cuneiform and navicular, in the fourth year. Tin* (‘piphysis for the posterior 
extremity of the os calcis ap])ears at the tenth year, and unites with tin* rest of 
the bone soon after puh'erty. The tubercle on the ])osterior surface of tin* 
astragalus is sometimes ossifietl from a separate centn', and may remain distinct 
from the main mass of the bone, when it is named tln‘ os triyonum. 

The Metatarsal bones are (^ach ossified Irom two centre's : one for the' shaft, 
and one for the digital ('xtremity, in the four outer nn'tatarsals ; om* lor the* shaft, 
and one for tlie proximal extremity, in the metatarsal of the* great toe*.* Ossifi- 
cation commences in the centre of the shaft about the* ninth week, anel (‘xtends 
teywarels eith(*r extremity, 'the centre for the proximal enel of the* first metatarsal 
appears abejut tlie thirel year ; the centres for the elistal enels of the other bone*s 
between the fifth anel eighth years; they jejin the shafts bi'tween the i*ight(‘e*nth 
and twentieth ye*ars. 

The Phalanges are each ossifienl freini itro centres : one for the shaft, anel one*, 
for the metatarsal extremity. 'Phe ce*ntre for the shaft appc'ars about tin* te'iith 
week, that for the* ’uetatarsal extremity betwe'(‘n the* Idnrth anel tenth ye*.irs ; 
it joins the shaft abeint the* e'ighteenth ye'ar. 

CoMPAHISOX OK THE JhlNES OK THE Ha.VO AND FoOT 

'Phe* hanel anel loot are const rnct('d on some'what similar priiicipl(*s, (*ach con- 
sisting of a proximal jiart, the car]>ns or the* tarsus, a miehlh* peirtion, the* nie*tae*arpns 
oj‘ the* nie*tatarsus, anel a terminal portion, the* phalanges. 'Phe proximal part ce)n- 
sists e)f a series of more*, or h'ss cubical bone*s whie*h aflenv a slight amount ot gliding 
e)n one* anothe*r anel are chielly cojice*rn(*el in elistributing fe)rce*s transmitteel tei eir 
from the bone*s of the* arm or i<*g. The miehlh* part is made* up e»l slightly me>vable 
long bones which assist the carpus or tarsus in distributing torce*s and also give* 
gre*ater bre*aelth lor the reception ot such forces. 'Phe* separatie>n of the inelivielual 
bones from eiin* ane)the*r allows of the* attachments e)l the Interosse-i and j)rejt(*cts 
the* ehirsi-palmar vascular anastonmsi*s. The efistal peu’tion is the most me>vable, 
anel its se*parate e*leme*nts enje.iy a varieel range of mov(*nients. the chiei e)f whie-ii 
are* th'xion and extensie)n. 

The*, tune’tions of the hand anel foot are, he)weve*r, v(*ry dilferent, anel the general 
similarity lM*twe*en the*m is gre*atly modifi(*el to meet the*se* reepiirements. Thus tin* 
fend forms a firm basis e)i sup])ort for the body in the e*ree-t posture*, and is there*h)re 
more seifidly built up and its component parts art* less moval>le on each other 
than the)se of the hanel. Tn the* case of the phalanges the dilTt*rence is reaelily 
ne)ticeable ; those ol the foot are smalh*r and their mejvements are mort* limiteel 
thanthe)seof the hand. Very much more marked is thedilference between the ineta- 
e*arpalbonei e)f the thumb anel the metatarsal bone of the great toe. The metacarpal 
bone ot the thumb is constructed to permit ol great mobility, is direcle*ef at an 
acute*- angle f?e)m that of the index finger, and is capable ed a considerable range 
of movements at its articulation with the carpus. The metatarsal bone of the; 
great toe assists in supporting the weight of the body, is constructed with gre;at 
solidity, lies parallel with the other metatarsals, and has a very limiteel degree; ol 
mobility. The carpus is small in proiiortion to the rest of the hand, is plac(*d 
in line with the for(*arm, and forms a transverse arch, the concavity of which 
constitutes a bed lor the flexor tendons and the palmar vessels and nerves. The 
tarsus forms a considerable part of the foot, and is placed at right angles to tin; 
leg, a position which is almost peculiar to man, and has relation to hks erect 

* As was noted in the first metacarpal, so in the first mctataisal, theie is often a se cond 
epiphysis for its distal e.xtremity (sec footnote, page 
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posture. Tu order to allow of their supporting the weight of .th# body with the 
least expenditure of material the tarsus and a part of .tno inotatarsus are 
constructed in a series of arches (figs. 417 and 418), the disposition of which 
will l)e considered afler the articulations of the foot have been described. 

Surface F(um.~-On the dorsinu of tlic foot the individual bones cannot be dis- 
tinguishecL with the exception of the head of the astragalus, which forms a rounded pro- 
jection in iront of the ankle-joint when the foot is fontibly extend(id. Ihe uhole surface 
of the dorsum of the foot forms a smooth eom^ex outline, the summit of which is the 
ridge formed by the head of the astragalus, the- navicular, the middle cuneiform, and the 
second metatarsal boru\s ; from this it inclin(‘S gradually outwards and rapidly inwards. 


Fin. 417. Skeleton of foot. Inner aspect. 



On tin* inner side of tin* foot, the internal tuberosity of the os calcis and the riilge sc])aratirjg 
tin* inner from the. fiosterior surface of the bone may lx* felt. In front of this, and 
below tlie internal malleolus, the juojeetion oi tlu* sustentaeiilurn tali can lx* fell. 
.AI>oul. an inch or an inch and a (piarter in front of the inti‘rnal malli'olus is the tuber- 
t)si(y of the navicular. Farther forwards, the ridge Jormed by the base of the lirst 
metatarsal bone can be obseiin'ly t<*lt, and from this tlu*. shaft of the* bone can be trac(*d 
to the e\])anded lu‘a,d artieulating with tlu* base* of the lirst ])halanx of the great toe. 
Immediately b(*n(*a.lh the base of this phalanx, the internal sesanu>id boiu^ (;an be lelt. 
Lastly, tlu* expanded ends of tlu* lames forming the last joint of tlu* great toi* can be 
f(‘lt. On tlu* out(‘r sidf* of tlu* f(X)t the most ]K)sterior Ixmy point is the outer tuberosity 
of t.lie os ealeis, with the ridge separating the posterior from the outer surface of the 


Flo. 4 IS. Skeleton of foot. Outer as|)cet. 



bone. In front of this the greatc*r part t)f the external surface of the os ealeis is sub- 
cutaneous ; on it, beloAv and in front of tlu* t'xttjriial malleolus, ihe peroii(*al ridge when 
present can be felt. Farther forwards, the base of the lifth metatarsal bone forms a 
prominent and wcll-detiiied landmark, and in front of this the shaft of the bone, with 
its expanded head, and the base of the first phalanx, may be made out. 

Applied Anatomy , — Considering the injuries to w'hicli thci foot is subjected, it is 
surprising how seldom the tarsal bones are fraetured. This is no doubt due to the fact 
that the tarsus is eomjmsod of a number of bones, articulated by a considerable extent 
of surface, and joined together by very strong ligaments which serve to break the force of 
violencse applied to this part of the body. When fracture does occur, these bones being 
composed for the most part of a soft cancellous structure, covered only by a thin shell 
of compact tissue, are often extensively comminuted, especially as most of the fractures 
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are produced by direct violence ; and, as there is only a very scanty amount of soft 
parts over the bones, the fracUiros are very often compound, and amputation is often 
necessary. 

When fracture occurs in the anterior group of tarsal bones, it is almost invariably the 
result of direct violence ; but fractures of the posterior group — that is, of the os calcis 
and astragalus — are usually produced by falls from a height on to the feet. 

In club-foot (talipes), especially in congenital oases, the bones of the tarsus become 
altered in shape and size, and displaced from their proper positions. This is prineipally 
the case in congenital talipes equino- varus, in which the astragalus, particularly about 
the head, becomes <;wistod and atrophied, and a similar condition may be present in the 
other bones, more especially the navieular. The tarsal bones are peculiarly liable to 
become the scat of tuberculous caries following comparatively trivial injuries, especially as 
they arc not maintained in a condition of rest to the same extent as some other parts 
of the body after similar injuries. Caries of the os calcis or astragalus may remain limited 
to the one bone for a long period, but when one of the other bones is affected, the remainder 
frequently become involved, since the disease spreads through the large and complicated 
synovial membrane which is more or less common to these bones. 

Amputation of the foot is often required either for injury or disease. The principal 
amputations are as follows: — (1) Synio’s : amputation at the ankle-joint by a heel-flap, 
with removal of the malleoli and sometimes a thin slice from the lower end of the tibia. 

(2) Pirogolf’s : amputation of the whole of the tarsal bones (except the posterior part of 
the os calcis), and a thin slice from the tibia juid fibula in(‘luding the two malleoli. The 
sawn surface of the os calcis is then turned up and imited to the cut surface of the tibia. 

(3) Subastragaloid : amputation of the foot below the astragalus through the joint 
between it and the os (\alcis. 

The bones of the tarsus occasionally require removal individually. This is especially 
the case with the astragalus for tuberculous disease limited to that bone ; or the astra- 
galus may require excision in cases of suliaslragaloid dislocation, or in cases of inveterate 
talipes. The cuboid has been removed for the same reason. 

Fractures of the metatarsal bones and phalanges are nearly always the result oi 
direct violence, and in the majority of eases the injury is caused by severe crushing 
accidents, necessitating amputafion. The metatarsal bones, and especially that of llie 
great too, are frequently diseased, eitlier in tuberculous subjects or in patients with 
2 )erforating ulcer of the foot. 


SESAMOID BONES 

Sesamoid bones (ossa sesamokloa) are small more or less rounded 
masses imbedded in certain tendons and usually related to joint surfaces. 
Their functions probably ar(i to modify^ pn‘ssiire, to diminisli friction, and 
occasionally to alter the direction of a muscle puU. That they are not 
developed to meet certain pliysieal rccfuiremcnts in tlie adult is evidenced 
by the fact tJiat they are present as e.artilaginous nodules in the f(xjfus, 
and in greater numbers than in tlie adult. They must be regarded, according 
to Tliilcniiis, as integral parts of the skeleton plijdogenetically inherited.* 
Physical necicssities probably eome into i^lay in selecting and in regulating 
the degree of development of the original cartilaginous nodules. Neverthe- 
less, irregular nodules of bone may appear as the result of intermittenl 
j)ressure in certain regions, e.g. the ^ rider’s bone,’ which is occasionally 
developed in the Adductor muscles of the thigh. 

Sesamoid bones arc invested by the fibrous tissue of the tendons, except 
on the surfaces m contact with the parts over which tliey glide, where they 
present smooth articular facets. 

In the upper extremity the sesamoid bones of the joints are found only 
on the palmar surface of tlie hand. Two, of which the inner is the larger, 
are constant at the mctacarpo-phalangeal joint of the thumb ; one is 
frequently presc^ni in the corresponding joint of the little finger, and one 
(or two) in the same joint of the index finger. Sesamoid bones are also found 
occasionjiUy at thii metaearxio -phalangeal joints of the middle and ring fingers, 
at the intcrpbalangeal joint of the thumb, and at the distal interphalangeal 
joint of the index finger. 

In the lower extremity the largest sesamoid bone of the joints is the jiatella, 
developed in the tendon of the Quadriceps extensor muscle. On the plantar 
aspect of the foot, tw’o, of which the hmer is the lai’gcr, are always present 
at the metatarso-phalangcal joint of the great toe ; one sometimes at the 

♦ Morpliolog. Arhidten, 1000, v. p. 30V>. 



366 


SESAMOID BONES 

metatarso-phalangeal joints of the second and fifth toes, one occasionaDy 
at the corresponding joint of the third and fourth toes, and at the intcr- 
phalangeal joint of the great toe. 

Sesamoid hones apart from joints are seldom found in the tendons of the 
upper limb ; one is sometimes seen in the tendon of the Biceps opposite the 
tubercle of the radius. They are, however, present in several of the tendons 
of the lower limb, viz. one in the tendon of the rt‘roneus longus, where it 
glides on the cuboid ; one, appearing late in life, in the tendon of the Tibialis 
anticuH, opposite the smooth facet of the internal cuiicifoi’m bone ; one in the 
tendon of the Tibialis posticus, ojiposite the inner side of the head of the astra- 
galus ; one in the outer head of the Gastrocnemius, behind the outer condyle 
of tile femur ; and one in the conjoined tendon of the Psoas and Iliacus, where 
il glides over the pubis. Sesamoid bones are found occasionally in the tendon 
of the ({hiteus maximus, as it passes over the great trochanter, and in the 
tendons wliieh wind round the inner and outer malleoli. 
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T he various bones of the Skeleton ooniu^ctecl to adjacent bones at 
difTerent parts of tli(‘ir surfaces, and sucli connections luv termed JoinU^ 
or Ariiculaiiovs, Wlicre tii(‘ joints are immovable, as in tlie articulations 
between th(‘ bones of llic skull (with the exception of those of tlie mandible), 
the adjacent margins of th(‘ bones an^ almost in contaet, being separat(‘fl 
m(‘r(‘ly by a tl)in layei' of fibrous membrane. nam<‘d the ligamenl. 

Til certain regions at tla^ base of the skull this fibious membrane is rejilaced 
by a layer of cartilage. AA'ht*re sUejM mov<me7it combined with great strength 
is r(*(jiiii*ed, the osseous surface's are united by tough and vhxiii w jibro-cariilages, 
as in the joints between tiu* vertebral bodk-s, and in the interjiubic articulation. 
In the /Verb/ movable joints the surfaces an* compk'tely sojia rated ; the bones 
forming the articulation ari* gen<‘rally exjianded for gi'cater convenii'iici* of 
mutual connection, covered by rariilage and lieJd together by strong bands 
or ca})suJ<*s of fibrous tissue, c*alh‘d Ugamevi^s: such joints an* partially lined 
by a membrane, the ^sgnovial membrane, whicli scci’et(‘s a fluid to lubricati* 
the various parts of which tin* joint is fornu'd. "I’he struetur(‘s. tiierefon*, 
which enter into the formation of a movable joint an* bone, cartilage, fibro- 
cartilage, ligaiiK'nt, and synovial membrane. 

Bone constitutes tin* fundamental clement of all the joints. In the long 
bones, the extremities arc the jiarts which form the articulations; they an* 
generally somewhat enlarged, and consist of spongy cancellous tissue witli 
a tliin coating of com})act substance^. In the flat bones, the ai'ticulat ions 
usually take place at the edges ; and in the short bonc's at various ])ar(s of 
theij- surfaces. The layer of com])act bone which forms the joint surface*, 
and to which the articirlar cartilage is attached, is called the articular lamella. 
It is white, extr(*melv dense, and varies in thickness. It differs from, ordinary 
bone-tissue in that it contains no Haversian canals, and its lacuiue arc larg(*r. 
and have no canaliculi. The vessf*ls of the* cancellous tissue, as they approach 
the* articular lamella, turn back in loo]>s, and do not perforate it ; this lay(*r is 
consequently denscj- and firmer than ordinary bone, and is evidently designed 
to form an unyielding su|)poit for the articular cartilage. 

The articular cartilage, which covms the articular surfaces of bones, is 
of the hyaline variety, and has been described in the section on Histology 
(page 21). 

Ligaments, properly so called, are ja'culiar to tlie movable joints, and 
s(*rve to connect together tlie iirt ieuJar surfaeos of bon(*s. They are composed 
mainly of bundles of white fibrouts tieime j»lae(^d parallel with, or clos(‘ly inter- 
laeed w itb one another, and presenting a white, shining, silv(*ry aspect. Tii 
the freely movable joints, or diartbrodia, tbc*y form envelo])es or capsules 
eonneeting logetlier the articular extremities of bones. Portions of these 
ca})sules undergo thi(;kening and form strong ligamentous bands. These eon- 
btituent parts of the capsule are usually described as distim;! Jigam(‘nts, but 
in addition to them there are other ligaments derived from the muscles 
surrounding the joints. Ligaments are pliant and flexible, so as to allow of 
the most ixjrfect freedom of movement, but strong, tough, and inextensible, 
so as not to yield readily under the most severely applied force. Some 
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liganionts ooiisisl entirely of yellow clastic tissue, as the ligainenla sub- 
flava, A\hicli connect together ‘ tlu‘ of adjacent vertebras and the 

ligamentuin nuolia* in the lower animals. In these cases it will be observed 
that the elasticity of the ligament is inUnided to act as a substitute for 
muscular })OA^'er. 

Synovial membrane is compos(‘d of a thin, delicate, connective tissue, 
with branched connective-tissue corpuscles. Its secretion is thick, viscid, 
and glairy, like tlic white of egg, and is hence termed synovia. The synovial 
membranes in the body admit of subdivision into tlirec kinds — artkmlar, 
bursal, and vaginal. 

The articular synovial membranes are found in all the freely movable joints. 
The membrane invests the inner surface of IIk*. capsuh^ enclosing the joint, 
and is reflected over any tendons ])assing through its cavity, as the tendon 
of the Popliteus in the km^e, and the tendon of the Biceps in the shoulder. 
Hence tlu^ articular synovial membratu' may be regarded as a short wide tube, 
atta -hed by its o[)en ends tf) tiie margins of the articailar cartilages and 
covering th(' inner surface* of the capsule which connects the jirticular surfaces. 
In tlu^ feetus this m(‘mbrane is said, by Toynbee, to be* continued over the 
surfaces of the cartilages ; but in tl\e a lult it is wanting, <‘xc(‘j)ting at the 
ciivumfeien(*(' of th(* cartilage, u[)on which it encroaches for a sliort distaiK'C 
and to which it is firmly attaclied. In sor e of the joints the synovial m<‘m- 
branc is threnvn into folds, wliich ])ass across the Ctavity. They arc* call(*d 
synodal ligaments, and an* (*!-'p(*cially distinct in the kiiec. In other joints th(*r(* 
arc* flattc*ncd folds, subdi\idcd at their margins into fringe-likc^ j)rocc*sses, whic h 
contain convoluted vessels. 'Fhese* folds generally ])rojc*c*t from the synovial 
membrane*, neai' the margin of the cartilage, and lit* flat upon its surface*. They 
c‘ 0 !isist of conncH'tive tissue*, coverc*d \\ith c*ndoth(dium, and contain fat-cedls 
in variable* epianl itie‘s, and, more rarely, isolate‘d cart ilage‘-ee*lls. Tlie* large*r 
folds often contain considerable ejuantiti(*s of fat. Under certain diseased 
conditions, similar ])roce*sse*s are found covering the entire surface of the 
synovial membrane, foiining a mass of ])e*dunculate*d fibro-fat ty growths 
which project into the joint. Similai' structures are also found in some of 
the* bursal and vaginal synovial me*mbrane*s. 

Tlie* bursal synodal membranes are found inte*rpe)se*d betwee'n surfaces 
which move* u])on each other, as lietweeui teuielon and bone, or between the 
inte*gunient and ])roje*cting bony surfae*e*s. The*y admit of subdivision into two 
kinds, the bnrs(F 'mucosa^ and the biirsa^ synovia^ The bnrs(F mneosa* are large 
'simjile, or irregulai' sacs in the subcutancmis are*olar tissue*, t'liclosing a clear 
viscid fluid. The*y aie found be*low' the inte*gum(*nt in various situations, 
e^.g. ov(*r the* fiont of the* pate*lla, the e)le*eu’ane)n. the malle*oli, anel other 
]>romine*nt parts. The* bursa‘ sy novice are inte*r])ose*d between muse-k*s or 
te*ndons, and the* ])T'oje*cting bony surfae'es over w liich they play, as be*lwe‘e*n 
he* (!lu»eus maxirnus and the* great trochanter. Each e*onsists of a thin wall 
e)f c'onncctive tissue, ]-artially covc'ivd by])atclu's of e*edls, and e*on tains a viscid 
fluid. Where one e»f the^sc e*xists in the neighbourhood of a joint, it may 
communicate with the joint e*avity, as in the case eif the* bursa between the 
tt*ndon eif the; Psoas and Iliacus anel the capsular ligament of the hi]), e)r that 
inte*rjK)sed between the de*e^j) surfae^e of the Subscapula ris and the cajisular 
ligamemt of the should(*r-joint. 

The* vaginal synovial ^newbranes {syiwvial sheaths) serve te) facilitate* the 
glieling of teuidons in the ossee)-tibre)us e*anals through which the*y pass. I’he 
membrane is here arrange*d in the form eif a sheath, eine layer eif w'hie*h adherers 
to the wall of the^ e*.anal, and the other is refle*ctod upon the surface of the* 
enclosed tendon, the space between the free* surfaee*s of the membrane 
eontaining synovia. The*se sheaths are chiefly feaind surrounding the tendons 
e)f the Plexor and Extensor muscles e)f the fingers and teics, as they ])ass through 
the ossco-fibrous canals in the hand or foot. 

Synovia is a transparent, yellowish- wdiite, or slightly reddish fluid, viscid 
like the white of egg, and has an alkaline reaction and slightly saline tast(*. 

Applied Anatomy , — All synovial mcinbrane.s, whether articular, bursal, or vaginal, arc 
liable to be aflccted by acute or chronic forms of inflammation, and the processes arc 
essentially similar, no matter w'hich kind of synovial membrane is affected. 



368 


SYNDESMOLOGY . 


\ 

CLASSIFICATION OF JOINTS 


The articulations are divided into three classes : or immovable, 

nmphiarlhroses or mixed, and diarthroscs or movable, joints. 

1. Synarthroses. Immovable Articulations 

Synarthroses include all those articulations in which the surfaces of the 
bones are in almost direct contact, fastened together by an intervening mass 
of connective tissue or hyaline cartilage, and in winch there is no appreciable 
motion, as in the joints between the bones of the skull, excepting those of the 
mandible. Tliere are four varieties of synarthrosis : Sutura, Schindylesis, 
(Tomphosis, and Synchondrosis. 

Sutura is that form of articiulation where the contiguous margins of the 
bones arc united by a tliin layer of fibrous tissue, the sutural ligament (fig. 419). 
It is met with only in the skull. When the articulating surfaees.arc Connected 
by a series of processes and indentations interlocked together, tlie articulation 


FuJ. 419. — Section across the sagittal 
suture. 


420. — Section through occipito- 
Hi)henoid synchondrosis of an infant. 



is termed a true suture {sutura vera) ; and of this there arc three varieties: 
sutura dentata, sorrata, and limbosa. The surfaces of the bones are not iji 
direct contact, being separated by a layer of inembrane, continuous externally 
with the pericranium, internally with the dura mater. The sutura dentata 
is so called from the tooth-like form of tlu' ])rojecting articular processes, as 
in the suture between the parietal bones. In the sutura serrata the edges of 
the bones are serrated like the teeth of a fine saw, as between tlui two 
portions of the frontal bone. In tin* sutura limhosa^ there is besides the 
dentated processes, a certain degree of bevelling of the articular surfaces, 
so that the bones oveiiap one another, tas in the sutun^ between the parietal 

and frontal bones. When tlio 
articulation is formed by roughened 
surfaces placed in apposition with 
one another, it termed a false 
suture {sutura nothd) , of which there 
are two kinds, the sutura squamosa, 
formed by the overlapping of con- 
tiguous bones by broad bevelled 
margins, as in the squamo-parietal 
(squamous) suture ; and the sutura 
harmonia, where there is simple 
apposition of contiguous rough 
surfaces, as in the articulation between the maxillaj, or between the horizontal 
plates of the palate bones. 

Schindylesis is that form of articulation in which a thin plate of bone 
is received into a cleft or fissure formed by the separation of two laminae in 
another* bone, as in the articulation of the rostrum of the sphenoid and 
perpendicular plate of the ethmoid with the vomer, or in the reception of tlie 
latter in the fissure between the maxillse and between the ]ialate bones. 

Gomphosis is articulation by the insertion of a conical process into a socket, 
as a naif is driven into a board ; this is not illustrated by any articulation 
l3etwecn bones, properly so called, but is seen in the articulations of the teeth 
with the alveoli of the mandible and maxillae 


Fig, 421. — Diagrammatic .section of a 
.symphysis. 
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CLASSIFICATION OF JOINTS 


SytlchoQdrosis.--<-Where the connecting medium is cartilage the joint is 
tenned a synchondrosis (fig. 420). This is a temporary form of joint, for the 
cartilage becomes converted into bono before adult life. Sucb joints are found 
between the epiphyses and shafts of long bones, between the occipital and 
the sphenoid at, and for some years after, birth, and between the petrous 
portion of the temporal and the jugular pro^ " occipital. 


2. Ampiiiarthroses. Mixed Articulations 

In this form of articulation only a slight amount of movement is possible. 
The contiguous bony surfaces are either connected together by broad flattened 
discs of fibro-cartilago, of a more or less complex sti ueture, as in tlie articula- 
tions between the bodies of the vertebra (fig. 421) ; or are united by an inter- 
osseous ligament, as in the inferior tibio-flbular articulation. The first form 
is termed a Symphysis, the second a Syndesmosis. 

Diartiiroses. Movible Aktu^ulattons 

This form of articulation mciudes the greater numbci of the joints in the 
body, mobility being their distinguishing characteristic. A diartlirodial joint 
is formed by the approximation of two contiguous bony surfaces covered witli 
cartilage, and connected by liga- 


Fro. 422. — DiaKraninmtu section ot a 
di.uthiodial joint. 
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ments lined by synovial membram* 

(fig. 422). It may be divided, com- 
pletely or incompletely, by an 
interarticular fibro-cartilage or 
meniscus, the periphery of ^\luch is 
continuous uith the capsular liga- 
ment while its free surfaces arc 
covered by synovial membrane 
(tig. 423). 

Th<‘ varieties of jomts in this 
class have been determined by the 
kind of motion permitted in each. 

There are two varieties in winch 
the movementv is uniaxial ; that is 
to say, all movements take place 
around gjjb axis. In one form, tlie 
Ginglyn®l^ this axis is, practically 
sjieaking/ transverse ; in the other, the Trochoid or pivot-joint, it is longi- 
tudinal. TIkto are two varieties wheie the movement is bi-axial, or around 
two lioijzontal axes at light angles to each other, or at any intervening axis 

between the two. Those are the 
Fu.. 423. — - Diagramniatir ricction of a Condyloid and the' Saddle-- joint, 
^arthiodial joint, with an intciaiticuJai There is one form where the move- 
libro-caitilage. ment is polyaxial, the Enarthrosis 

or ball-and-socket joint , and finally 
there are the Arthrodia or gliding 
joints. 

Ginglymus or Hinge-joint. — 
In this form of joint the articular 
surfaces are moulded to each other 
in such a manner as to permit 
motion only in one plane, forwards 
and backwards, the extent of 
motion at the same time being con- 
siderable. The direction which tlio 
distal bone takes in this motion is 
never in the same plane as that of 
‘ the axis of the proximal bone ; 

there is always a certain amount of deviation from the straight line during 
flexion. The articular surfaces are connected together by strong lateral liga- 
ments, whicli form their chief bond of union. The best examples of ginglymus 
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are the interphala^eaHoints and the joint between the humerus and tdna ; the 
knee and ankle-joints l&e less typical, as they allow a slight degree of rotation 
or lateral movement in certain positions of the limb. 

Trochoid or Pivot-joint. — ^Where the movement is limited to rotation, 
the joint is formed by a pivot-like process turning within a ring, or a ring on a 
^ pivot, the ring being formed partly of bone, partly of ligament. In the superior 
radio-ulnar articulation, the ring is formed by the lesser sigmoid cavity of the 
ulna and the orbicular ligament ; here, the head of the r^ius rotates within 
the ling. In the articulation of the odontoid process of the axis with the 
atlas, the ring is formed in front by the anterior arch of the atlas, behind, by 
the transverse ligament ; here, the ring rotates round the odontoid process. 

Condyloid Articulation. — In this form of joint, an ovoid articular head, 
or condyle, is reccivedtinto an elliptical cavity in such a manner as to permit 
of flexion, extension, adduction, abduction and cireumduction, but no axial 
rotation. The articular surfaces are connoctfid together by anterior, posterior, 
and lateral ligaments. The wrist-joint is an example of t his form of articulation. 

Articulation by Reciprocal Reception (saddle-joint).- In this variety 
the ojjposing surfaces arc reciprocally concavo- convex. Tlic riiovcmenls are 
the same as in the preceding form ; tliat is to say, flexion, extension, adduelion, 
abduction, and circumduction are allowed, but ho axial rotation. The articular 
surfaces are (‘.onnected by a capsular liganumt. Tiie best example of this 
form is the carpo-metaearpal joint of the thumb. 

Enarthrosis is that variety of joint in whic*h tlie distal bone is capable of 
motion around an indefinite numbci* of axes, which liavc one common eeiitn*. 
It is formed by the reception of a globular liead into a deep cup-lik(‘ cavity 
(hence the name ‘ball-and-socket’), tlie parts being kept in apposition by a 
capsular ligament strengthened by accessory ligamentous bands. Examples 
of tliis form of articulation are found in the hip and shoulder. 

Arthrodia is a variety of joint wliich admits of only gliding movement ; 
it is formed by the apposition of plane surfaces, or one slightly conoav(‘, 
the other slightly convex, the amount of motion between them being limited 
by the ligaments oi* osseous processes surrounding the articulation ; as in the. 
joints between the articular processes of the vertebrae, tlie carpal joints, 
except that of the os magnum with the scaphoid and semilunar, and tlic tarsal 
joints with the exception of that between the astragalus and the navicular. 

On the next i)age, in a tabular form, are tlie names, distinctive eharaeters, 
and examples of the different kinds.of articulations. 

The Kinds of Movement admitjed in Joints 

The movements admissible in joints may he divided into four kinds : gliding 
and angular movements, cireumduction, and rotation. These movements are often, 
however, more, or less combined in the various joints, so as to produce an infinite 
variety, and it is seldom that wc find only one kind of motion in any particular joint. 

Gliding movement is the simplest kind of motion that can take place in a joint, 
one surface gliding or moving over another without any angular or rotatory nn)ve- 
ment. It is common to all movable joints ; but in some, as in most of the articula- 
tions of the carpus and tarsus, it is the only motion permitted. This movement 
is not confined to plane surfaces, but may exist between any two contiguous surfaci^s, 
of whatever form. 

Angular movement occurs only lietvreeii the long bones, and by it the angle 
betw'eCn the two bones is increased or diminished. It may take place : (1) forwards 
and backwards constituting flexion and extension, or (2) inwards and outwards 
from the mesial line of the body (or in the fingers or toes from the middle line 
of the hand or foot) constituting adduction and abduction. The strictly ginglymoid 
or hinge- joints admit of flexion and extension only. Abduction and adduction, 
combined with flexion and extension, are met with in the more movable joints ; 
as in the hip, the shoulder, the carpo-metacarpal joint of the thumb, and the wrist. 

Circumduction is that form of motion wliich takes place between the head of 
a bone and its articular cavity, when the bone is made to circumscribe a conical 
space ; the base of the cone is described by the inferior extremity of the bone, 
the apex is in the articular cavity ; this kind of motion is best seen in the shoulder- 
and hip-joints. 



MOVEJiENtS ADMI4TED IN yoiNTS 


i^fpmrlhrosis , 
or Immovable 
Joint. Surfaces 
separated by fi- 
brous membrane 
or cartilage, with- 
out any inter- 
vening 'synovial 
cavity, and im- 
movably con- 
nected with ea(0i 
other. As in 
joints of cranium 
and face (except 
the marulihl(‘). 


.1 mphiarUmms, 
Mixed Articula- 
tion. 


Sutura, Ar- 
ticulation by 
processes and 
indentations 
interlocked to- 
gether. 


vera 

(true) articulates 
by indented bor- 
ders. 


Sutura notha 
(fals(‘ articulates 
by rough sur- 
\ faces. 


i dentata, halving 
tooth - like processes ; 
as in interparietal su- 
ture. 

serratay having ser- 
rated edges like the 
teeth of a saw; as 
in interfrontal suture. 

Umbosay having be- 
velled margins, and 
dentated processes ; as 
. in fronto-parietal su- 
ture. 

sqmmosay formed 
by tliin bevelled mar- 
gins, overlapping each 
otlicr ; as in squamo- 
parietal suture. 

harmoniay formed 
by the apposition of 
contiguous rough sur- 
faces ; as in inter- 
maxillary suture. 

Sc7Uthfh/l(,sis. — Arti(‘ulation formed by tlie reception 
of a tliin plate of oiu‘, bone into a fissures in another ; as 
in articulation of rostrum of sphenoid with vomer. 

(hmiphmis. - Articulation forint^d by the insertion of a 
conical process into a sockt‘t ; as in the teeth. 

SijnchondromH , — When the connecting medium is carti- 
^ lag<\ as in the ociupito-sjihenoid joint. 

I Sf/mphysis. — Surfaces connected by fibro-caitilage, not 

j seiiarated by synovial membrane, and having limited 
motion; as in joints betvv(»en bodies of vertebne. 

4V///w/r.s7ao,s/.s*. — Surfaces united by an ititerosseous liga- 
ment. As in the inferior tibio-libular articulation. 

-Hinge-joint ; motion limited to two direc- 
tions, forwai'ds and backAvards. Articular surfac^es fittiid 
tog(^thcr so as to permit of movement in one plane ; 
as in tlic interplialaiigeal joints and the joint between the 
humerus and tin; ulna. 

Trochoid or -Articulation by a pivot-process 

turning within a ring, or a ring rouml a pivot ; as in 
superior radio ulnar articulation, and atlanto-axial joint. 

Condyloid. head received into elliptical cavity. 

Movements in every direction except axial rotation; as 
{ the wrist- joint. 

Reciprocdl Rcceptkm (saddle- joint) . Oppomd. articular 
surfaces reciprocally convex in one dirccjtion and concave 
in the other. Movement in every direction but no axial 
rotation ; as in the carpo-metacarpal joint of the thumb. 

Enarihrosis. — Ball-and-socket joint ; capable of motion 
in all directions. Articulation by a globular head received 
into a cup-like cavity ; as in hip- and slioulder- joints. 

Arthrodia. — Gliding-joint ; articulation by plane sur- 
faces, which glide upon each other ; as in the carpal and 
tarsal articulations. 

Rotation is a form of movement in which a bone moves round a central axis 
without undergoing any lateral displacement ; the axis of rotation may lie in a 
separate bone, as in the case of the pivot formed by the odontoid process of the axis 
vertebra around which the atlas turns ; or a bone may rotate around its own 
longitudinal axis, as in the rotation of the humerus at the shoulder-joint ; or the 
axis of rotation mav not be quite parallel to the long axis of the bone, as in the 

B B 2 


DiarthrosiSy 
Movable Joint. 
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movement of the radius on the ulna during pronation and supination of the hand, 
where it is represented by a line connecting the centre of the head of the radius 
above with the centre of the head of the ulna below. 

Li^gamentous Action of Mmoles , — The movements of the different joints of 
a limb are combined by means of th<i long muscles passing over more than 
ojie joint. These, vrhen relaxed and strctclKMl to their greatest extent, act as 
elastic ligaments in restraining certain movements of one joint, except when 
combined with corresponding movements of the other — the latter movements 
being usually in the opposite direction. Thus the shortness of the hamstring 
muscles prevents complete flexion of the hip, unless the knee-joint is also flexed 
80 as to bring their a,ttachnients nearer together. The uses of this arrangement 
arc threefold. 1. It co-ordinateLS the kinds of movements which are the most 
habitual and necessary, and enables them to be pc^rformed with the least expendi- 
ture of power. ‘ Thus in the usual gesture of the arms, whether in grasping or 
rejecting, the shoulder and the elbow are flexed simultaneously, and simultane- 
ously extended,’ in consequence of tlni passage of the Biceps and Triceps over 
both joints. 2. It enables the short n\uscles which ])ass over only one joint to 
act upon more than one. ‘ Thus, if the liectus femoris remain tonically of such 
length that when, stretched over the extended iiip, it compels extension of the 
knee, then the Gluteus maximus becomes, not only an extensor of the liip, but 
an extensor of the knee as well.’ 3. It juovides the joints with ligaments which, 
while they are of very great power in resisting movements to an extent incom- 
patible with the mechanism of the joint, at the same time spontaneously yi(^ld 
when necessary. ‘ Taxed beyond its strength a ligament will be ruptured, whereas 
a contracted muscle is easily relaxed ; also, if neighbouring joints be united by 
ligaments, the amount of flexion or extension of each must remain in constant 
proportion to that of the other ; while, if the union be by muscles, the separation 
of the points of attachment of those muscles may vary considerably in dillercnt 
varieties of movement, the muscles adapting themselves tonically to the length 
required.’ The quotations arci from a very int(u*esting i)apcr by Ohdand in the 
‘ Journal of Anatomy and Physiology,’ No. 1, 1806, p. 85 ; by whom this important, 
fact in the mechanism of joints was first clearly pointed out, though it was 
independently observed afterwards by other anatomists. W. W. Keen points out 
how impoi’tant it is ‘ that the surgeon should remember this ligamentous action 
of muscles in making passive motion — for instance, at the wrist after Oolles’s 
fracture. If the fingers be extended, the wrist can be flexed to a right angle. 
If, however, tliey be first flexed as in “making a fist,” flexion at the wrist is qiiiciviy 
limited to from forty to fifty degrees in dillerent persons, and is very painful beyond 
that point. Hence passive motion hen*, sliould lx*, made with tin*, fingers extended. 
In the leg, when flexing the hip, the knee should bo flexed.’ Keen furtJior points 
out that ‘ a beautiful illustration of tliis is soim in the perch i?}g of birds, whose 
toes are forc(*d to clasp the perch by just such a passive ligamentous action so 
soon as they stoop. Hence they can go to sleep and not fall oJT the perch.’ 

The articulations may bo grouped into tho.so of tlio trunk, those of the 
upper oxtremity, and t])Ose of the lower extr(*niity. 


ARTICULATIONS OF THE TRUNK 

These may be divided into the following groups, viz. : 

I. Of the v(‘rtebral column. ^'I. Of the cartilages of the ribs with the 

II. Of the atlas with th(j axi.s. sternum, and with each other. 

III. Of flic vertebral colunm with VII. Of the sternum. 

the cranium. VIII. Of the vertebral column with the 

IV. Of the mandible. pelvis. 

V. Of the rilw with the vertebrte. IX. Of the pelvis. 

I. ARTICULATIONS OF THE VEJtTEBRAL COLUMN 

There are two varieties of articulation in the vertebral column : 1. Those 
between the bodies of the vertebrae, which form a series of amphiarthrodial 
joints, and are termed the intercentral, 2. Those between the articular 
processes, which form a series of arthrodial joints, and are termed intemeural. 
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1. Intekcentral Articulations 

Tlie intercentral articulations, or articulations between the bodies of the 
vertebrae, belong to the class of aTnj)hiarthrodial joints, and the individual 
vertebra? move only slightly on each other. When, however, this slight 
degree of movement between the pairs of bones takes place in all the joints 
of the vertebral column, the total range of movement is very considerable. 
The ligaments of those articulations are the following : 

Anterior Common Ligament. Posterior Common Ligament. 

Intervertebral Discs. 

The Anterior Common Ligament (lig. longitudinalc anterius) (figs. 424, 
435, and 442) is a broiad and strong band of fibres, which extends along the 
anterior surfaces of the bodies of the vertebrae, from the axis to the sacrum. 
It is broader belo\v than above, thicker in the thoracic than in the cervical 
or lumbar region, and somewhat thicker opposite the bodies of the vertebrae 
than opposite the intervertebral discs. It is attached, above, to the body of 
the axis, where it is continuous with the anterior ailanto-axial ligament, and 


Ftg. 424. — ^Vertical section of two lumbar vertebrae and Uieir liRaments. 



extends down as far as the upper part of the front of the sacrum. It consists 
of dense longitudinal fibres, which are intimately adherent to tlie interverte- 
bral discs, and the jirominont margins of the vertebra?, but not to the middle 
parts of the bodies. In the latter situation the fibres are exceedingly thick, 
and starve to fill up the concavities on the anterior surfaces, and to make 
the front of the vertebral column more even. The ligament is composed of 
several layers of fibres, which vary in length, but are closely interlaced with 
each other. The most superficial fibres are the longest and extend between 
four or five vertebrso. A second, subjacent set extends between two or three 
vertebne ; while a tliird set, the shortest and deepest, extends from one vertebra 
to the next. At the sides of the bodies the ligament consists of a few short 
fibres, which pass from one vertebra to the next, separated from the median 
j>ortion by oval apertures for the passage of vessels. 

The Posterior Common Ligament (lig. longitudmole posterius) (figs. 424, 
425) is situated within the spinal canal, and extends along the posterior surfaces 
of the bodies of tlie vertebras, from the body of the axis, where it is continuous 
with the occipito-axial ligament, to the sacrum. It is broader above than 
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belo\v, and thicker in the thoracic than in the cervical or lumbar regions. 
In tlie situation of the intervertebral discs and contiguous margins of the 
vertebrae, where ’ the ligament is more intimately adherent, it is broad, and in 
the thoracic and lumbar regions presents a series of dentations with intervening 
concave margins ; but it is narrow and tliick over the centres of the bodies, 
from which it is st^parated by the venw basis vertehree. This ligament is 
compos(Hl of smootJi, shining, longitudinal fibres, denser and more compact than 
those of tlie anterior ligament, and consists of superficial layers occupying 
the inlerval between three or four vertebra?, and deex>er layers which extend 
between one vertebra and the next adjacent to it . It is separated from the 
dura mater of the spinal cord by some loose connective tissue. 

The Intervertebral Discs (fibrocartilagines intervertebrales) (figs. 424; 
436) are interposed between the adjacent surfaces of the bodies of the vertebra3, 
from the axis to the sacrum, and form the cliief bonds of connection betwe^en 
tl )0 vortebrte. They vary in shape, size, and thickness, in different parts of tli(‘ 
vertebral column. In shape and size they correspond with the surfacics of tlie 
bodies betu irn which they ai*e placed, except in the cervical region, where they 
are slightly smaller from side to side than the corrcs}>onding bodies. In thick- 
ness they vary not only in the different n^gions of the column, but in different 

parts of the saim* disc ; they are thicker 
in front thfin behind in the cervical 
and lumbar regions, and thus con- 
tribute to tlu' anterior convexities of 
the column in these regions ; while 
they are of nearly uniform thickiu‘ss in 
the thoracic region, the anterior con- 
cavity of Ibis region being almost 
entirtily owing to the sliaix? of th(* vt*r- 
tcbral bodies. The intervertebral disi's 
constitute about one-fourth of the 
length of the spinal column, exclusive 
of th(? first- two vort(*brie ; but this 
amount is not ec|ually distributed 
betwecui the various bones, the cervical 
and lumbar x)orti()ns having, in ])rox)or- 
tioii to their length, a much greater 
amount than the thoracic; region, with 
the r(?sult that these jiarts iiossess 
greater pliancy and freedom of mov(‘- 
inent. The intervert(‘bral discs are 
adherent, by their surfaet‘s, to thin 
layers of hyaline cartilag(? which cova^r 
the u])per and under surfaces of tin* 
bodi(\s of the \ (•l•tcbra', and in vliieli, in eaily life, tlie epiphysial plates 
d(‘V(*lop ; by their cireumfeienetss they are closely connected in front to the* 
anterior, and behind to tiiepost(‘rior, common ligaments. In the thoracic region 
th(\v ai7‘ joiiKKl laterally, by means of tlie interarticular ligaments, to the 
1 leads of those ribs which articulate with two vertebra? : they consequently 
form jiaris of the articular cavities in which the heads of these ribs are^Teceived. 

Structure of the Intervertebral Discs.— Each iscomjxjsed, at its cireumfcrcnce, 
of lainiiiai ot fibrous tissue and libro-cartilage, forming the annulus fihrosus ; and, 
at its c(‘ntr(i, of a soft, pulpy, highly elastic substance, of a yellowish colour, which 
rises up considerably above tin? siirroimding level when tlie disc is divided 
horizontally. This i>ulpy substance (nucleus pulposus), especially well dcjveloped 
in the lunibaf region, is the remains of the notochord. The lamina? arc arranged 
concentrically; Ihe oiitiu-most consist of ordinary fibrous tissue, the others of 
white fibro-cartilag(‘. The laminnB arc not quite vertical in their direction, those 
near the circumlcrcnce being curved outwards and closely approximated ; while 
those nearest the centre cui*ve in tin? oj)posite direction, and are somewhat more 
widely separated. The fibr(?s of which each lamina is conqioscd are direct(?d, for 
the most part, obliquely from above downwards, the fibres of adjacent lamina* 
passing in opposite directions and varying in every layer : so that the fibres of 
one layer are directed across those of another, like tie limbs of the letter X. This 


Fig. 425. — Posterior common ligament, 
in the thoracic; region. 
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laminar arranfremeiit belongs to about the outer half of each disc. The pulpy 
substance presents no concentric arrangement, and consists of a fine fibrous matrix, 
containing angular cells united to form a reticular structure. 

Applied Ajicdomy , — When an aneurysm presses on the Vertebral column, the vertebral 
bodies aie often deeply eroded by the tumour, while the intervertebral discs remain 
intact. The discs are the first to bo destroyed, however, in tubenmlosis of the spine, where, 
as not infrequently happens, the disease begins in the discs, and spreads thence to the 
bodies of the two adjoining vertebra) simultaneously. 




2. Intebneural Articulations 


The interneural articulations, or articulations between the articular pro- 
(‘(‘sses of the vertebrae, belong to the arthrodial variety of movable joints. 
The processes are connected together by capsular ligaments, which are lined 
by synovial membranes ; but in addition to these are a number of ac ces sory 
ligaments, which connect together the lamiuie, spinous and tmnsverse 
pioeesses. The ligaments of the interneural articulations are : 


Capsular. 

Ligamenta subflava. 




Intertrans'-^erse. 


Su})raspinous. 

Interspirioiis. 


Ki({. 42(). — Xoural arches of three thoraeici vertobra* 
\icv\ed from the front. 


The Capsular Lig^aments (capsula? articulares) (fig. 424) are thin and 
lo()s(^ ligamentous sat^s, fittached to the contiguous margins of the arlie.ulai* 
processes of adjacent vertebrae. Each ‘ligament Is dofoctivc internally, w here 
llie” Siie is cbmpleiod by the ligament um subflavum. They are longer and 
l()os(*r in the cervical than in the thorach? or lumbar regions. The eapsular 
ligaments are lined on their inner surfaces by synovial mombrano. 

We Ligamenta Subflava (ligg. ilava) (fig. 426) connect the larnime of 
adjacent vert(‘brai, from the axis to the fi?*st segment of the sacrum. TJiey are 
b(^st s(}cn wdien viewed from the interior of tlie spinal canal : w hen looked at from 
the outer surfa(u) they ay)])ear 
short, being oveilapf)ed by th(‘ 
lamimc. Ea(‘h ligament con- 
sists of two lat(?ial portions, 
w^hieh comnieiiee one on either 
side at the roots of the articular 
])r(Kess<\s, and extend bae,k- 
w'artis to the point where tiie 
laniinae converge to form the 
spinous proeess ; tlie ])osterior 
inargiijs of the tw o ])ortions are 
in eontnet and to a eerlaiii 
extent united, slight intervals 
being left for the ])assage of 
small vessels. Eac4i ligament 
consists of yellow elastic tissui;, 
the fibres of which, almost 
perpendictllar in direction, are 
attached to the anterior surface 
of the lamina above, some dis- 
tance from its inferior margin, 
and to the posterior surface and 
upper margin of the lamina 
below'. In the cerv^ical region 
the ligaments are thin, but very broad and long ; they become thicker in the 
thoracic region, and in the lumbar region acquire very considerable thick- 
ness. Their highly elastic property serves, to preserve the upriglit posture, 
and to assist the vertebral column in resuming it, after flexion. Tliese 
ligaments do not exist between the occiput and atlas, or between the atlas 
and axis. 
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T supraspinal©) (fig. 424) is a strong 

Bord, which connects together the apices of the spinous processes 
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frrwn the seventh oervical vertebra to the sacrum. It is thicker and broader 

' Iff Ihe' ' lumIKr ' 'thMi intimately blended, in 

both situations, 'with the neighbouring aponeurosis. The most superficial 
fibres of this ligament cqnnect three or four vertebrae ; those more deeply 
seated pass between two or three vertebrae ; while the deepest connect the 
spinous processes of neighbouring vertebrte. It is continued upwards to the 
ternal occipital protuberance and crest, as the liganicntuni nuchae. 

The Ligamentum nuchae is a fibrous membrane, which, in the neck, 
represents the supraspinous ligaments of the lower vertebrae. It extends from 
the external occipital protuberance and crest to the spinous process of the 
seventh cervical vertebra. From its anterior border a fibrous lamina is given 
off, which is attached to the posterior tubercle of the atlas, and the spinous 
processes of all the cervical vertebrae, so as to form a septum between the 
muscles on either side of the neck. Inman it is merely the rudina nt of an 
important elastic ligament, which, in some of the lower animals, serves to 
sustain the weight of the head. 

^ TJie Interspinous Ligaments (ligg. interspinalia) (fig. 424), thin and 
membranous, are interposed between the spinous processes. These ligaments 
extend from the root to tlie apex of each spinous process, connecting togetlier 
tlieir adjacent margins. They meet the ligamenta sub/lava in front and the 
supraspinous ligament behind. They are narrow and elongated in the thoracic 
region ; broader, quadrilateral in form, and thicker in the lumbar region ; 
ai^ only slightly devf‘loi)ed in the neck. 

*^The Intertransverse Ligaments (hgg. infertransversaria) are interposed 
between tlie transverse proeesses. In the cervical region they consist of a 
few irregular, scattered fibres ; in the thoracki region they arc roundi^d cords 
intimately connected witli the deep muscles of the back ; in the lumbar 
region they arc thin and membranous. 

Movements. — The mov(*meiits permitted in th(j vertebral column are, Flexion, 
Extension, Lateral movement, (Circumduction, and Rotation. 

In Flexion^ or moveuKuit forwards, the anterior common ligament is relaxed, 
and the intervertebral di.s<ia are (H)mpr(^ssed in front ; while the posterior 
common ligament, the liga?rienta snbflava, and the inter- and supra-spinous 
ligaments are str(‘tched, as well as the posterior tibres of the intervertebral discs. 
The interspacMis between the laminaj are widened, and the inferior articular 
j)rocesses glide upwards, upon the superior articular processes of the subjacent 
vertebra*. Flexion is the most extensive of all the movements of the vertebral 
column. 

In Extension, or mcnement backwards, an exactly oi^posite disposition of 
the parts takes place. This movement is not extensive, being limited by the 
anterior comnion ligament, and by the approximation of the spinous processes. 

In Lateral Movemanl, the sides of the jntervertehral discs are compressed, 
the extent of motion being limited by the resistance offered by the surrounding 
ligaments. This movement may take place in any part of the column, but is 
freest in the neck and loins. 

iUrcumduciion is very limited, and is merely a succession of the preceding 
muveinoiits. 

lint at ion is produced by the tw'isting of the intervertebral discs ; this, although 
only slight between any t\No veTtcf)nc, produces a considerable extent of move- 
ment wii(‘n it takes plac(j in the whole length of the column, the front of the 
upper part of the column being turned to one or othej* side. This movement 
occurs to a slight extiuit in tluj neck, is fro(*r in the upper part of the thoracic 
region, and absent, in tin? lumbar region. 

The lixteiii and variety of the iiiuvcments are influenced by the shape and 
direction of the articular surfaces. 

In the ccTVictd region the upward inclination of the superior articular surfaces 
allows of free Ihixiou and extension. Extension can lx; carried farther than flexion ; 
at the upper eiwl of the region it is checked by the locldng of the posterior edges 
of the superior atlantal facets in the posterior condyloid fosssc of the occipital bone ; 
at the low^er end it is limited by a mechanism whereby the inferior articular pro- 
cesses of the seventh cervical vertebra slip into grooves behind and below the superior 
articular processes of the first thoracic. Flexion is arrested when tin; cervical 
convexity is straightened ; the movement is checked by the apposition of the 
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projecting lower lips of the bodies of the vertebr© with the i^lving surfam oi> 
the bodies of the subjacent vertebrae. Lateral flexion and rotation are free in the 
cervical region ; they are, however, always combined. The upward and inward 
inclinations of the superior articular surfaces impart a rotatory movement during 
lateral flexion, while pure rotation is prevented by the slight inward slope of these 
surfaces. 

In the thoracic region, notably in its upper part, all the movements are limited 
in ()rd(‘r to reduce interference with respiration to a minimum. The almost com- 
plete absence of an upward inclination of the superior articular surfaces prohibits 
any jnarked flexion, while extension is checked by the contact of the inferior 
aiticular margins with the lamina', and the contact of the spinous processes with 
one another. The mechanism between the seventh cervical and the first thoracic 
v(*r<cbi8e, ^^r}lich limits extension of the cervical region, will also serve to limit 
flexion of the thoracic region when the neck is extended. Rotation is free in the 
thoracic region ; the superior articular processes arc segments of a cylinder whose 
axis is in the mid- ventral line of the vertebral bodies. The direction of the articular 
facets would allow of free lateral flexion, but this movement is considerably limited 
m the upper part of the region by the resistance of the ribs and sternum. 

In the lumbar region flexion and (‘xtension are free. Flexion can be carried 
la] 1 her than ex'ten.sion, and is fiossible up to the straiglitening of the lumbar curve; 
it IS, tlierefore, greatest at th(' lowest })art wh\- 'e the curve is sharpest. The inferior 
articular facets are not in close apposition with the superior facets ot the subjacent 
vertcbr.c, and on this account a considerable amount of lateral (l(‘xion is permitted. 
For the saiuo leason a slight amount of rotation i*an be carried out, but this is so 
s(»on cheeked by the iiiteilocking of the articular surfaces that it is negligible. 

Tlie })riucipal muscles wliich produce Jlcxion are the Sterno-mastoid, Rectus 
capitis anticus major, and Longiis colli ; the Scaleni ; the abdominal musc'lcs 
and the Fsoas magmis. Exlensiov is produced by the fourth layer of tlie jnuscles 
of the back, assisted in the nock by tlu' Spleiuiis, Semispinales dorsi et colli, and 
tin* Multifidus spiiue. Lateral motion is produced by tlie fourth and fifth la vers of 
the muscles oi the back, by the Splenius, the Scaleni, the Quadratus himboruni 
and th(' Psoas magnus, the jnuscles of one side only noting ; and rotation by the 
action of tlie following muscles oi one side only, \iz. the Stcrno-niastoid, the Rectus 
capitis anticus major, the Scaleni, the Multifidus spiiue, the Coniplexiis, and the 
alidoniinal muscles. 


11 AinU’UliATlOiN OF ^IHK VIL\S WITH THE AXIS 

Th(' articulation of the Atlas with the Axis is of a complicated nature, 
eojupiising no fewx*r than four distinct joints. There is a pivot articulation 
between the odontoid proct'ss of the axir and the ring formed by the anterior 
arch of the atlas and the transverse ligaiiituit (sec fig. 429) ; lieic lliere are 
tv\o joints : (jrio in front betw^eeii the )M).st(*rior surface* of the anterior arch 
of the atlas and the front of the odontoid process ; the other betw'cen the 
ant erior surface of the 1 1 mis verst* ligament and t he back of t he process. Betwe(*n 
tJie articular processes of tlie two bones there is t>n either sidt* an arthrodial 
or gliding joint. The ligaments which connect these bont‘s are : 

Tw'o C^apsular. Posterior Atlanto-axial. 

Anterior Atlanto-axial. Transverse.* 

,/ 

^ The Capsular Ligaments (capsula; artieulares) are t w o Ihim loose i*aphul(*s, 
(‘Oiinecting tht* lateral masses of the atlas with the margins of thti superioi 
articular surfaces of the axis. Each is strengthened at its posterior and innei 
part by a ligamentous bund, llie acceasory liyanunt, wdiieh is attHehi*d lielow' to 
tlie body of the axis near the base of tlie odontoid [iroeess, and above to the 
lateral niass of tJie atlas near the transverse ligament. 
y The Anterior Atlanto-axial Ligament (fig. 427) is a strong membrane, 
fixed, above, to the lowTr border of the anterior areli of the atlas ; below', 

* ll lias been found mce•^s^uy In describe the tiaiis\eise ligament willi t host' of the atlas 
and axis; but the student mutt remember that it is really a ]>oitjon oi the mechanism 1)\ 
which tic movements oi the head on the vertebi.il (‘olunin are legulaled, .so lhat Hie 
eomieetions between the atlas and axis ought always to be studied in association with those 
between the axis and the skull. 
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to the front of tlie body of the axis. It is strengthened in the middle line by 
a rounded cord, which is (*onnccted, above, to the tubercle on -the anterior 
arch of the atlas, and below to the body of the axis, and is a continuation 
upwards of the anterior common ligament. The ligament is in relation, in 
front, wuth the Uecti anlitti majorcs. 

The Posterior Atlanto-axial Ligament (fig. 428) is a broad, tliin 
membrane, attacJied, above, to the lower border of the j)Osterior arch of the 
alias ; below, to the upper edges of the laminae of the axis. This ligament 
siip[>lies the place of the ligainenta siibfiava, and is in relation, behind, with 
the Inferior oblique muscles. 

The transversum atlantis) (figs. 429, 430), 

is a thiclO^^PoSgTSSSiSTwImdi^ across the ring of the atlas, iind serves 

to retain the odontoid process in contact with its anterior arch. It is concave 
in front, convex behind, broader and thicker in tlie middle than at eitlier 
extremity, and firmly attached on oither side to a small tubercle on the inner 
surface of the lateral mass of the atlas. As it crosses the odontoid process, a 


427. — Occipito-atlantal and atlanto-axial ligaments. Front view. 



small fasciculus (crus .superius) is prolonged upwards, and another (crus informs) 
downwards, from the su])crficial or posterior fibres of the ligament. The former 
is insertf'd into the basilar process of the occipital bone, in close relation with 
th(‘ occipito-axial ligament ; the latter descends, to be attached to the ]>osterior 
surface of the body of the axis; hence, the whole ligament has received the 
name of cruciform (lig. cruciatum atlantis). The transverse ligament divides 
tlie ring of the atlas into two unequal parts : of these, the posterior and larger 
serves for the transmission of the spinal cord and its membranes and the spinal 
accessory nerves ; the anitn-ior and smaller contains the odontoid proc^ess. 
The neck of the odontoid jirocess is constricted where it is embraced posteriorly 
by the transvt‘rst* liganiont, so that this ligament suffices to retain the odontoid 
process in position after all the other ligaments have been divided. 

There are four Synovial Membranes in this articulation : one lining the; 
inner surface of each of tlie cajisular ligaments ; one between the anterior 
surface of the odontoid process and the anterior arch of the atlas, and one 
between the posterior surface of the odontoid process and the transverse 
ligament. The latter often communicates wdth those between the condyles of 
the occipital bone and the articular surfaces of the atlas. 
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Movements. — This joint allows the rotation of the atlas (and, with it, of the 
ciranium) upon the axis, the extent of rotation being limited by the odontoid 
ligaments. 


Fio. 428. — Oocipito-atlantal and atlanto-axial ligaments. Posterior view. 



Tlje ()})|)().>e(l artic-nlar surfaces of the atlas and axis are not reciprocally curved ; 
hotli '^urla.ces ar<* convex in their long axes. Whejj, therefore, the upper facet 
gli(h‘s loi wards on tlu‘ lower it also descend'^ ; tlie lilu’es of the capsular liganumt 


Fro. 421). — Articulaticm helui-en odontoid j>roces.s and alla.'i. 



are relaxed in a vertical direction, and will then pennit of inovcmcnt in an antero- 
posterior direction. By this moans a shorter capsule suflices and the strength 
of the joint is materially increased.'’* 

* Corner Phy.siology of tlie Atlanto-axial Joints,* Journal uf Anato^/if/ and Phyttiofotijf. 

V 1. xli.) states that the movements which take ))laoe at these articnlaiions are of a complex 
natnoy The first part of the movement is an eccentric or asymmetrical one ; the at.lanto- 
axial joint of the side to which the head is moved is fixed, or practically fixed, by the muscles 
of the neck, and forms the centre of the movement, while the opposite atlantal facet n carried 
downwards and forwards on the con-espotidiiig axial facet. The second part of the movement 
IS centric and symmetrical, the odontoid process forming the axis of the movement. 



380 


SYNDESMOLOGY 


The principal muscles by wliich these movements are produced are the Sterno- 
mastoid and Complexus of one side, acting with the Rectus capitis anticus major, 
Splenius, Trachelo-mastoid, Rectus capitis posiiciis major, and Inferior and Superior 
oblique of the other side. 

III. ARTICULATIONS OF THE VERTEBRAL COTiUMN WITH THE CRANIUM 

The ligaments connecting the vertebral column with the cranium may be 
divided into two sets, those connecting the alias with the occipital bone, and 
those connecting the axis with the occipital bone. 

Ligaments connecting the Atlas with the Occipital Bone 

Tlie articulation between the atlas and the occipital bone is a double 
condyloid joint. Its ligaments are : 

Tw’o Capsular. Posterior Occipito-atlantal. 

Anterior Occipito-atlantal. Two Lateral Occipito-atlantal. 

The Cajpsular Ligaments (capsulse articulares) surround the condyles 
of the occipital bone, and connect them with the articular proceisscs of ‘the 
atlas ; tliey are thin and loose, and are lined by synovial membrane. 

The Anterior Occipito-atlantal Ligament (membrana atlantooeeipitalis 
anterior) (fig. 427) is a broad membrane, composed of densely woven fibres, 
which passes between the anterior margin of the foramen magnum above! 
and the upper border of tlu^ anterior an^h of the atlas below. Laterally,’ 


Fig. 430. — 0(;cipito-axial and at1anto>axial ligaments. Posterior view, obtained 
by removing the ar(ihes of the vertebrae and the posterior part of the skull. 



it is continuous with tlu‘ capsular ligaments. In front, it is strengtlicned 
in the middle lira' by a strong, rounded cord, wliich is attached, above, to the 
basilar process of the occiput, and, below, to the tubercle on the anterior 
arch of the atlas. This ligament is in relation in front with the Recti antici 
minores, behind w ith the odontoid ligaments. 

The Posterior Occipito-atlantal Ligament (membrana atlantooeeipitalis 
posterior) (fig. 428) is a broad but thin membrane connected, above, to the 
posterior margin of the foramen magnum ; below, to the upper border of the 




Synovial Membranes. — Tliore are two synovial membranes : one lining 
each of the capsular ligaments. The joints occasionally communicate with 
that between the posterior surface of the odontoid process and the transverse 
ligament. 

Movements. — The movements permitted in this joint are (a) flexion and extension, 
which give rise to the ordinary forward and backward nodding of the head, and 
(6) slight lateral motion to one or other side. Flexion is prodiicod mainly by 
the action of the Recti capitis aiitici major and minor ; extension by the Recti 
capitis postici major and minor, the Superior oblique, the Complexus, Splenius, 
Sterno-mastoid, and upper fibres of the Trapezius. The Recti laterales are 
concerned in the lateral irurvement, assisted by the Trapezius, Splenius, Complexus, 
and the Sterno-mastoid of the same side, all acting together. According to 
Cruveilhior, there is a slight movement of rotation in this joint. 
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Ligaments connecting the Axis with the Occipital Bone 
Occipito-axial. Three Odontoid. 

The Occipito-axial Ligament (membrana tectoria) is situated Avitliin 
the spinal cattail It is a OTOad, strong band, which ‘Covers the odontoid 
lirocess and its ligaments, and appears to be a prolongation upwards of the 
posterior common ligament of the vertebral column. It is attached, belo\\% to the 
posterior surface of the body of the axis, and, becoming expanded as it ascends, 
is inserted into the basilai* groove of the occipital bone, in front of the foramen 
magnum, where it blends with the dura mater of the skull. It is in relation 
by its anterior surface w4th tlie transverse ligament, by its posterior surface 
w ith t'artieulatic^ter. 

Tiid 4/uyiiLuid orQJ^eck Ligi^piC.nts (ligamenta. aJaria) (fig. 430) are strong, 

rounded fifiroiis cords, wliich arise one on eith(n‘ side of tlu' uppe^r part of tJie 
odontoid proe.ess, and, passing obliquely upwards and outwards, are inserted 
into the rouglj depressions on the inner sides of the condyles of the occipital 
bone. In tlie triangular interval betw^een these ligaments is another fibrous 
cord, the Ugamentum apicis dentil or middle, cdonioid ligcimmt (fig. 431), w liich 
extends from iBe apex of the odontoid process to the anterior margin of the 
foramen magnum, being intimately blended with the deep portion of the anterior 
occipito-atlantal ligament and uxq)er fasciculus of the trans\ (‘rse ligament of 
the atlas. It is regarded as a rudimentary intervertebral disc, and in it 
traces of tlie notochord may persist. Tlie odontoid ligannmts serve to limit 
the (‘xtent to w hich rotation of the cranium may be carried ; hence they havt^ 
received the name of check ligaments. 

In addition to these ligaments which conneiit the atlas and axis to the 
skull, the ligamentum nuchai must be regarded as one of the ligaments by 
wdnch the vertebral column is connected with th(‘ cranium. It has b(*en 
described on page 370. 

.Applied Analnniy. — Tiw ligaments which unite the com))()ncnt parts of tl)t‘ vcitclu-al 
column together are so strong, and the bones are so interlocked hy the arraiigcnient of 
their articulating })roceHscs, that dislocation is very uncommon, and, ind(‘ed, except 
in the u])i)er y)art of the neck, rarely occur.s unless accompanied by fracture. Dislocation 
of the occiput from the atlas has been ri^corded only in one or two cases ; Inil dislocation 
ol the atlas from tlu‘ axis, with rupture of the transverse^ ligament, is much more ^‘ommon : 
it is the mode in w'hich death is produced in many cases of exeemtion by hanging. In t)u‘ 
lo>ver ])art of the neck— that is, below the third cervical vcrtehra-^islocatioii unattenek'd 
by fracture occasionally takes place. 

IV. AllTKUJLATJON OF THE MANDIBLE (AIUTCUIATIO MANDiBULADlSj . 

This is a gingly mo-art brodial joint ; the parts entering into its formation 
on either side are, above, the anterior part of the glenoid eavity of the temporal 
bone and tlie emineritia artieularis ; and, below', the condyle of the mandible. 
The ligaments are the following : * 

Capsular, Internal Lateral. 

Extern*al Lateral. Interartieular Fibro- cartilage. 

Stylo-mandibular. 

The Capsular Ligament (capsula artieularis) forms a tliin and loose, 
but distinct capsule, attached above to the circumferenee of the glenoid cavity 
and the articular surface immediately in front ; below, to the neck of the 
condyle of the mandibh?. It is thirmest on the inner side. 

The External Lateral Ligament (lig. teinporomandibulare) (fig. 432) 
is an accessory band of the capsular ligament, and is not separable from it. 
It consists of two short, narrow fasciculi, one in front of the other, attached, 
above, to the outer surface of the zygoma and to the tubercle on its lower 
border ; below , to the outer surface and posterior border of the neck of the 
mandible. It is broader above than below ; its fibres are parallel w ith one 
another, and directed obliquely downwards and backwards. Externally, it 
is covered by the parotid gland" and by the integument. 

The Internal Lateral Ligament (lig. sphenomandibulare) (fig. 433) is 
a flat thin band which is attached above to the spinous process of the sphenoid 
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bone, and, becoming broader as it descends, is inserted into the lingula of the 
dental foramen. Its outer surface is in relation, above, with tlie External 
pterygoid ; loAver down, it is separated from the neck of the condyle by the 


Fig. 432. — ^Temporo-mandibular articulation. External view. 



internal maxillary arU^ry ; still jnore iiifcTiorly, the iiif(‘rior dental \essels 
and nerve and a lobule of the parotid gland sef)arate it from tlui ramus of the 
mandibltj. The iniitii- surface 

is in l•(‘hLlion with tli(i Internal 433 ...- Tern poro-mandibular articulation, 

pteiygoid. Internal view. 

The InterarHcular 
Fibro-cartilage (discus ar- 
ticularis) (tig. 434) is a thin 
plate of an oval form, plac(*d 
liorizontally betAA'cen the con- 
lyl(‘ of the mandible and the 
glenoid cavity. Its upper 
surfacfc is concavo-convex 
from before backAvards, and 
a little convex transversely, 
to accommodate itself to the 
form of the glenoid cavity. 

Its under surface, A\’hich is 
in contact with the condyle, is 
concave. Its circumference 
is connected to the capsular 
ligament ; and in front to the 
tendon of the External ptery- 
goid. It is thicker at its 
periphery, especially behind, 
than at its centre. The fibres 
of Avhich it is composed have 
a concentric arrangement, 
more apparent at the circum- 
ference than at the centre. Its surfaces are smooth. It divides the joint 
into two cavities, each of which is furnished with a synovial membrane. 
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The Synovial Membranes, two in nuinber, are placed one above, 
and the other below, the fibro-cartilage. I'ho upper one, the larger and 
looser of the two, is continued from the margin of the cartilage covering 
the glenoid cavity and eminentia articularis on to the upper surface of the 
fibro-cartilage. The lower one passes •from the under surface of the fibro- 
(iartilage to the neck of the condyle, being prolonged a little farther 
downwards beliind than in front. The interart icular cartilage is sometimes 
perforated in its centre, and the two synovial sacs then communicate with 
each other. 

The Stylo-mandibular Ligfament (lig. stylomandibulare) (fig. 433) is a 
specialised band of the cervical fascia, wliich extends from near the apex of 
'the styloid process of the temporal bone to the angle and posterior border of 
the ramus of the mandible, between the Masse ter and Internal pterygoid. 
This ligament separates the parotid from the submaxillary gland, and from 
its inner side some fibres of the Stylo-glossus take origin. Although usually 
classed arnong the ligaments of the jaw, it can only considered as accessory 
to the articulation. 

Tile nervts of this joint arc dciived from tlie an riculo- temporal and masse- 
teric brandies of the inferior maxillary, the arteries from the temporal branch 
of the external carotid. 

Movements.— Tlni movements permitted in this articulation are very extensive. 
Thus, the mandible may be depressed or elevat(‘d, or it may ho. carried forwards 
or backwards ; a slight amount of lateral movement is also permitted. It must 
be borne in mind that there are two distinct joints in this articulation -one botwccui 

the condyle and the iiiterarticu- 
Fia. 434. — Vertical section of teiriporo- hir fibro-cartilage, and another 

mandibular articulation. between the fibro-cartilage and 

the glenoid fossa. When the 
mouth is but slightly opened, 
as during ordinary conversation , 
the movement is confined to the 
lower of the two joints. On the 
other hand, when the mouth is 
opened more widely, both joints 
are concerned in the movement ; 
ill the lower joint., viz. that 
between the condyle and the 
fibro-cartilage, the movement is 
of a hiiige-lik(^ character, the 
condyle moving round a trans- 
verse axis on the fibro-cartilage, 
while in the upper joint tlui movement is ol a gliding (haracter, the fibro-cartilage, 
togetlier with the condyle, >liding forwards on to the eminentia articularis, round 
an axis which passes through the dental foramina. These*, two movements take 
place simultaneously, the condyhi and fibro-cartilage move forwards on the 
eminence, and at the same time*, the condyle revolves on the fibro-cartilage. In 
the opposite movement of shutting the mouth the reverse action takes place ; the 
fibro-cartilage glides back, carrying the condyle wdth it, and this at the same time 
revolves back to its former position. When the mandible is carried horizontS^ 
forwards, as in protruding the low^cr incisors in front of the upper, the movement 
takes place principally in the upper compartment of the joint, the fibro-cartilage 
and the condyle gliding forwards on the glenoid fossa. The grinding or chewing 
movement is produced by one condyle, wdth its fibro-cartilagc, gliding alternately 
forwards and backwards, while the other condyle moves simultaneously in the 
opposite direction; at the same time the condyle undergoes a vertical rotation 
on the fibro-cartilage. One condyle advances and rotates, the other condyle 
recedes and rotates, in alternate succession. 

The mandible is depressed by its own weight, assisted by the Platysma, the 
Digastric, the Mylo-hyoid, and the Genio-hyoid. It is elevated by the anteripr 
art of the Temporal, Massetcr, and Internal pterygoid. It is drawn forwards 
y the simultaneous action of the External and Internal pterygoids, the superficial 
fibres of the Masseter and the anterior fibres of the Temporal ; and it is drawn 
backwards by the deep fibres of the Masseter and the posterior fibres of the Temporal . 
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The griadiiig movement is caused by the alternate action of the two Pterygoids 
o{ either side. 

Surfare Form . — The temporo-mandibular articulation is quite supecficial, and is 
situated below the base of the zygoma, in front of tbo tragus and external auditory 
meatus, and behind the posterior border of the upper part of the Masseter. Its 
position can be ascertained by feeling for the condyle of the jaw, the moveineiits of which 
can be distinctly felt in opening and shutting the mouth. When the mouth is opened 
wide, the condyle advances out of the glenoid fossa on to the eminentia articularis, and 
a depression is felt in the situation of the joint. 

Apjdied Anatomi/.— The mandible is dislocated only in one direction — viz. forwards. 
The accident is caused by violence or muscular action. When the mouth is ojwn, the 
condyle is situated on the eminentia articularis, and any sudden violence, or even a sudden 
muscular as during a <;onvul.sive yawn, may displace the condyle forwards into 

the zygomatic fossa. The displacement may b^ unilateral or bilateral. Reduction ia 
accomplished by depressing the jaw with the thumbs placed on the last molar teeth, 
and at the same timq elevating the chin. The downward pressure overcomes the 
spasm of the Masseter,* Temporal and Internal pteiygoid, and elevation of the chin 
throws the condyle backwards ; the abovc-mentiomicl muscles then draw the condyle 
back into its normal positron. 

Tn <jlf»se ndation to the condyle of the m.* ndible are the external auditory meatus 
and the tympanum ; any force, therefore, applied to the boiu* is liable to be attended with 
damage to tliese parts, or inllammatiou in the joint may extend to the caff; or on the 
other hand inliammation of the middle ear may involves the articulation and cause its 
destruction, thus leading to ankylosis of the joint. The joint is also oc<;asionally the 
scat of osteo arthritis, leading to groat suffering during efforts of mastication. A 
peculiar affection sometimes atta(;ks the neck and condyle of the mandible, (consisting in 
hy|X‘rtrophy and (dongation of those parts and consecpiont protrusion of tlu^ chin to the 
opposite si(l^^ 

' V. ARTIOULATIOMS OF THE RIBS WITH THE VERl’EBR.E (ARTJCULATIONES 

COSTOVERTEBHALES) 

Tlie articulations of tlie ribs with the vertebral column may be divided 
into two sets : 1, those which connect the licads of the ribs with the bodies 


Ftg. 435. — Costo-central and costo-transvorse articulations. 
Anterior view. 



Lotcer synovial cavity 

of the vertebrae (coato-cenlral) ; 2, those which connect the necks and tubercles 
01 the ribs with the transverse processes {costo-traiisverse). 

. c o 
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1. COSTO- CENTRAL ARTICULATIONS ( ARTICULATION ES CaPITULORUM) 

(lig. 435) 

These constitute a series of gliding or artfirodial joints, and are formed by 
the articulation of the heads of tlie ribs with the facets on the contiguous 
margins of tlie bodies of the thoracic; vertebric and with the intervertebral 
discs Ixjt ween them ; in tlie ease of the first, tenth, eleventh, and twelftli 
ribs the cavity is formed by a single vertebra. The ligaments of the joints 
are : 

Capsular. Antc^rior (V)sto- vertebral or Stellate. 

Interarticular. 

The Capsular Lig^ament (eapsula arti<;ularis) surrounds and encloses the 
joint, being composed of short, strong fibres, wliich pass between the head 
of the rib and tJio cjircumfercuice <tf tlie articular cavity formed by the inter- 
vertebral disc and the; adjacemt vertc'bne. It is most distinct at the upper 
and lower parts of the articulation ; some of its upper fibres pass through 
the int(;r vertebral foramen to the back of the intervert(‘bral disc, while its 
posterior fibres ai*e continuous with the middle cost o- trails verse ligament. 

The Anterior Costo-vertebral or Stellate Ligament (lig. eapituli 
costa; radiatum) is a specialised part of the capsule, and connects tfu' anterior 
jiart of th(' head of each rib with tlu' sides of the bodies of tw'o verteliric. 
and the interv<*rtebral disc b(‘tween tlunn. It consists of three flat bundles 
of ligamentous fibres, which ait* attach(*d to the ant(*rior part of the head of 
the rib, just- beyond the arliiailar surface. Tlie superior bundle jiasscs upw^ards 
to be (5onne(;l<*d w ith the body of Mu; vert<;bra above* : tlu* inferior one descends 
to the body of the vertebra below ; and tlu; middle one, the smallt^st 
and least distiru*!, passes horizontally inwards, to be attached to the int(*r- 
vcrtebral disc. The ligament is in relation, in front, vxith the thoratuc ganglia 
of tho sym])atheti(*, the pleura, and. on the right side, with the vena, azygos 
major ; behind, with the interarticular ligaimeat and synovial iiKunbranes. 

In the first eosto-(*(*ntral joint, wlu*re the rib articulates with a single 
vertebra, this ligaTn<*nt do<*s not i3r<*sent a distinct division into three fasciculi : 
its fibres, lio\v<*ver, radiate, and tare attached to tlu* body of the last cervical 
vei-tebra, as well as to tlu* body of the first thoracic. In the (;osto-e(‘ntral articu- 
lations of tlu* tenth, elevcuith, and twelftli ribs, each of which articulates 
with a single vert<;bra, tho division does not (*xist ; but tlu* libv<*s of tlu* 
ligament in each case riidiate and are comiecled to tho vi'rtebra above, 
as well as to that w ith w'hich tlu; rib artieula1(*s. 

The Interarticular Ligament (lig. eapituli costa* iriterarti<*ularej is situated 
in the int€;rior of the joint. It consists of a short band of fibres, flattened 
from above downwards, attached by one extremity to the sharf) crest which 
separates the two articular fa<*<;ts on the head of the rib, and by the other 
to the intervertebral disc ; it divides th<; joint info two cavities. In tlu* 
first, t(*nth, el(*veritli, and twelfth eosto-eentral joints, the interartimilar 
ligament does not exist ; eonse<pjently, then* is hut one cavity. This ligament 
is the hornologue of tlie lignimnlurn con/iujalc oi sona* mammals, vvhieli unites 
the heads of opposit<; ribs across the back of the intervertebral disc. 

Synovial Membranes. — There are two synovial membranes in 
the art ieuLations in which then* is an intcrarlicular ligament, one ab 
one below this structuiv* : only one in those joints where there is 
cavity. 

2. Costo-tuansveuse Articulations (Artici-lationes (.'ostotuansversari.i?) 

(fig. 436) 

The articular ])orlion of tlu; tubercle of the rib forms witli the articular 
facet on the adjeU'ent Iraiisverst; proe«;ss an arthrodial joint. 

In the eleventh and twelfth ribs this articulation is wanting. 

The ligaments connecting these parts are : 

Capsular. Middli* Cost o-trans verse (Interosseous). 

Anterior Costo- transverse. ]*o.steri()r CosUv- transverse. 

The Capsular Ligament (eapsula arlicularis) is a thin, membranous 
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sac attached to the circumferences of the articular surfaces, and lined by a 
S 3 movial membrane. 

The Anterior or Superior Costo-transverse Ligament (%. costotrans- 
versarium anterius) consists of two sets of fibres : one (anterior) is attached 
below to the sharp crest on the upper border of the neck of the rib, and passes 
obliquely upwards and outwards to the low^er border of the transverse process 
immediately above ; the other (posterior) is attached below to the neck of 
the rib, and passes upwards arid inwards to the base of the transverse process 
and outer border of the infeiior articular process of the vertebra above. This 
ligament is in relation, in front, with the intercostal vessels and nerves ; hehind, 
with the Longissiiiius tiorsi. Its internal border is thickened and free, and 
bounds an ajjerture which transmits tlic posterior branches of tJie intercostal 
vessels and nerves. Its external border is continuous witli a thin aponeurosis, 
which coven-s the External intercostal muscic. 

The first rib Jias no antei*ior cost o-transverse ligament : a band of fibres 
(lig, Imnbocostale) in series with the ajiterior costo-transverse ligaments 


Fid. 436. — Costo-transvci*so aili ulalioii. Seen from above. 



connects the neck of the twelfth rib to the base of the transverse process of 
the first lumbar vertebra. 

The Middle Costo-transverse or Interosseous Ligament (lig. colli 
oostie) consists of short but strong fibres, which pass between the rough 
surface on the back of the neck of the rib and the anterior surface of the 
adjacent transverse process. 

A rudimentary ligament may be ])resent in the case of the eleventh and 
twelfth ribs. 

The Posterior Costo-transverse Ligament (lig. costotransversarium 
posterius) is a short but thick and strong fasciculus, which passes obliquely 
from the summit of the transverse process to the rougli non-articular portion 
of the tuber(;le of the rib. The ligaments attached to the upper ribs ascend 
from the transverse processes ; they are shorter and more oblique than those 
attached to the inferior ribs, which descend slightly. 

Movements. — The heads of the ribs are so closely connected to tin? bodies of 
the vertebrae by the stellate and interarticular ligaments that only slight gliding 
movements of the articular surfaces on one another can take place. Similarly, 
the strong costo-transverse ligaments binding the necks and tuberosities of the 

c c 2 
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ribs to the transverse processes limit tbe movements of the costo-transverse 
joints to slight gliding, the nature of which is determined by the shape and direction 
of the articular surfaces (fig. 437). In the upper six ribs the articular surfaces on 
the tuberosities are oval in shape and convex from above downwards ; they fit into 
corresponding concavities on the anlerior surfaces of the transverse processes, so 
that upward and downward movements of the tuberosity are associated with 
rotation of the rib neck on its long axis. In the seventh, eighth, ninth, and tenth 
ribs the articular surfaces on the tuberosities are flat, and are directed obliquely 
downwards, inwards, and backwards. The surfaces with which they articulate are 
placed on the u'p'per margins of the transverse processes ; when, therefore, the 
tuberosities are drawn up they arc at the same time carried backwards and inwards. 
The two joints, costo-central and costo-transverse, move simultaneously and in 
the same directions, the total effect being that the nock of the rib moves as if 

on a single joint, of which the costo-central 
Fio. 437. — Section of the coslo- and costo-transverse articulations form the 


transverse joints from the third 
to the ninth inclusive. Contrast 
the concave facets on the upper 
with the flattened facets on the 
lower transverse processes. 



extremities. In the upper six ribs the neck of 
tlie rib moves but slightly upwards and down- 
w'ards ; its chief movement is one of rotation 
round its own long axis, rotation backwards 
being associated with depression, rotation for- 
wards with elevation. In the seventh, eighth, 
ninth, and tenth ribs the neck of the rib moves 
up\vards, backwards, and inwards, or down- 
wards forwards and outwards ; very slight 
rotation accompanies these movements. 

VJ. ARTTCTTLATIONS OF TllK CAllTlJiACil'lS OF 
TllK RIBS VVITJl THE STERN FM (ARTICUIiA- 
TJONES STERNOCOSTALES) («•(. 4»S). 

The articulations of the cartilages of th(j 
tJTio ribs with the steirnuin are artlirodial 
joints, with the (ixception of the first, in 
whi(!h tlic cartilage is almost always directly 
unit-ed with the sternum, and wliich must, 
therefore, be regarded as a synarthrodial 
artKJulation. The ligaments connecting them 
are : 

Capsular. 

Anterior Chondro-sternaJ . 

Posterior (Tiondro-sterrial . 

Interarticular Chond ro-sternal. 

Anterior (’hondro-xiphoid. 

Posterior (Miondro-xiphoid. 

Th(^ Capsular Ligaments (capsula* 
arti(ailar(?s) surround the joints formed 
b(?twe(ui tlie cartilages of the true ribs and 
the sternum. Tliey are very thin, intimately 
blended with the anterior and posterior 


ligamcnls, and strengthened at tl»e ujiper and low-er parts of the articulations 
by a few fibres, which pass from the cartilages to the side of the sternum. 

The Anterior Chondro-sternal Ligaments (ligg. stcrnocostalia radiata) 
are accessory parts of tlie capsular ligaments, and consist of broad and thin 
membranous hands that radiate from the front of the inner extremities of the 


cartilages of the true ribs to tlie anterior surfaeti of the stc^rnum. They are 
composed of fasciculi which pass in different directions. The superior fasciculi 
ascend obliquely, tluj inferior pass obliquely downwards, and tlie middle 
fasciculi horizontally. The sujierficial fibres are the longest ; they inter- 
mingle with the fibres of the ligaments above and below them, wdth those 
of the opposite side, and with the tendinous fibres of origin of the Pcctoralis 
major, forming a thick fibrous membrane (membrana sterni) which covers 
the front of the sternum. This is more distinct at the lower than at the 


upper part. 
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The Posterior Chondro-sternal Ligaments are also parts of the capsular 
ligaments, but are less thick and distinct than the anterior ; they are composed 
of fibres which radiate from the posterior surfaces of the sternal ends of the 
cartilages of the true ribs to the posterior surface of the sternum, becoming 
blended with the periosteum. 

The Interarticular Chondro-sternal Ligaments (ligg. sternocostalia 
interarticularia). — These are found constantly only between the second costal 


Fig. 438. — Sterno-oostal and interchondral articulations. Anterior view. 



cartilages and the sternum. The cartilage of the second rib is connected 
with the sternum by means of an interarticular ligament, attached by one 
extremity to the cartilage of the rib, and by the other to the fibro-cartilage 
which unites the first and second pieces of the sternum. This articulation 
is provided with two synovial membranes. Occasionally the cartilage of 
the third rib is connected with the sternum by means of an interarticular 
ligament which is attached by one extremity to the cartilage of the rib, and by 



390 


SYNDESMOLOGY 


the other to the point of junction of the second and third pieces of the sternum. 
Still more rarely similar ligaments are found in the otlicr four joints of the 
series, lu the lower two the ligament sometimes completely obliterates 
the cavity, so as to convert the articulation into an amphiarthrosis. 

The Anterior Chondro-xiphoid (lig. costoxiphoideum antcrius). — This 
is a band of fibres which connects the anterior surface of the seventh costal 
cartilage, and occasionally also that of the sixth, to the anterior surface of the 
ensifonu process. It varies in length and breadth in different subjects. 

The Posterior Chondro-xiphoid (lig. costoxiphoideum posterius) is a 
similar though less distinct band on tlie posterioi* surface. 

Synovial Membranes. — Tliere is no synovial membrane between the 
first costal cartilage and the sternum, as this cartilage is directly continuous 
with the manubrium. There. are two synovial membranes in the articulation 
of the second costal cartilage ith the sternum. There is generally on<^ synovial 
membrane in each of the joints between the third, fourth, fifth, sixth, and 
seventh costal cartilages and the sternum ; but it is sometimes absent 
in the sixth and seventh ehondro-sternal joints. If an interarticular 
ligament exists in any of th(\se joints, there are two synovial cavities. 
AfUu* middle life the articular surfaces, lose their polish, beciome roughened, 
and the synovial membranes ajipear to be wanting. In old age, the articula- 
tions do not exist, the cartilages of most of the ribs becoming continuous 
with the sternum. 

Movements. — Slight gliding movements arc permitted in the chondro-stenicil 
articulations. 

AkTICULATIONS of THK (kuTILAGES OF THE IllBS WITH EACH OTHEIl 
(AimCULATIOHES iKTEKCJlOi^DTlALES) (fig. 43S) 

The contiguous borders of the sixth, seventh, and eighth, and sometimes 
the ninth and tenth, costal (cartilages articulate with each other by small, 
smooth, oblong-shaped facets. Eacdi articulation is enclosed in a thin capsular 
liganiml, lined b}’ synovial membrane and slrengthened externally and internally 
by hgamentous fibres [inter chondral ligammis) which pass from one gartilagc 
t() tJie other. Sometimes the fifth costal cartilage, more rarely that of the 
ninth, articulates by its lower border wdth the adjoining cartilage by a small 
oval facet ; more freqimntly the connection is by a few' ligamcfitous fibres. 
Occasionally, the articular surfaces above mentioned are wanting. 

Articuhattons of the Jims with their Cartilages (Costo-chondj(al) 

The outer extremity of each costal cartilage is received into a depression in 
tlio sternal end of tlie rib, arid tlie two arc lield together by the periosteum. 

VII. aiiti(u;lations of the sternum 

The first piece of tlie sternum is united to the second either by an amphi- 
arthrodial joint — a piece of fibro-cartilage coimeeting the segments -or by 
a diartlirodial joint, in whicdi each bone is clotlu^d with a lamina of cartilage, 
adherent on one side, free on the other. In the latter case, the cartilage covering 
the gladiolus is continued without interruption on to the cartilages of the facets 
for the second ribs. Kivington found the diartlirodial form of joint in about 
one- third of the specimens examined by him, Maisonneuve more frequently. 
It appe^ars to be rare in childhood, and is formed, in Rivington’s opinion, from 
the aiTipliiarthrodial form, by absorption. The diarthrodial joint seems to 
have no tendemey to ossify at any age, while the amphiarthrodial is more 
liable to do so, and has been found ossified as early as thirty-four years of 
age. The tw-o segments are further cormocted by anUn’ior and posterior inter- 
sternal ligaments. 

The Anterior Intersternal Ligament consists of longitudinal fibres, which 
blend with those of tlie anterior ehondro-sternal ligaments and with the 
tendinous fibres of origin of the Pectoralis major. 4.’liis ligament is rough, 
irregular, and much thicker below than above. 

The Posterior Intersternal Ligament is disposed in a somewhat similar 
manner on the posterior surface of the articulation. 
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Mechanism of thb? Thorax 


Each rib possesses its own ranj^e and 'variety of movements, but the move- 
ments of all are combined in the re8])iratory excursions of the thorax. Each 
rib may be rejiarded as 

a lever thti fulcrum of Fio. 439. — Lateral view of first and seventh ribs in position, 
which is situat(^d im- showing the movements of the sternum and ribs in, a, ordi- 
modiatelv outside the expiration ; b, quiet inspiration ; c, forced inspiration. 


costo-transverse articAi- 
lation, so that when the 
shaft of the rib is ele- 
vated the neck is de- 
pressed and vice versa ; 
from the disproportion 
in length of the arms of 
the Jev(n* a slight move- 
nuMit at fhe vertebral 
end of the rib is greatly 
inagnilied at the an- 
terior c^xtrejuity. 

The ant(iiior ends of 
tiu* ril)s lie on a low(‘r 
pljinii than the pos- 
terior; when therefore 
the rib-sliaft is elevated 
th(' anterior extremity 
is thrust also forwards. 
Again, the middle of 
the shaft lies in a 



plane below that pass- 
ing through th(^ tw<) extremities, so that when the shaft is elevated relatively 
to its ends it is at the saim*. time (‘arried outwards from the median plane of the 

thorax. Further, each rib forms 
Fk;. 440.-- Diagram showing I J)e axes of move- the segment of a curve whicli is 
niciit (a b and v n) of a vertehro-sternal lib. greater than that of the rib imme- 
TJie interrupted lines indicate the position of diatelv above, and therefore the 
the rib in insjuration. elevation of a rib increases the 




transverse diameter of the thorax 
in the jdane to which it is raised. 
Till* modifications of the rib move- 
ments at their vertebral ends have 
already been described (page 387). 
Kiirth(‘r moditications result from 
the attachments of their anterior 
extremities, and it is convenient 
therefore to consider separately the 
movements of the ribs of the three 
groups -vertebro-sternal, vertebro- 
chondral, and vertebral. 

Vertebrosternal ribs (figs. 439, 
440). — The first rib diliera from the 
others of this group in that its 
attachment to the stern um is a rigid 
one ; this is counterbalanced to 
some extent by the fact that its 
head possesses no interarticular 
ligament, and is therefore more 
movable. The first pair of ribs 
with the manubrium sterni move as 
a single piece, the anterior portion 
being elevated by rotatory move- 
ments at the vertebral extremities. In normal quiet respiration the movement of 
this arc is practically nil ; when it does occur the anterior part is riiised and carried 
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forwards, increasing the antero-poirf;crior and transverse diameters of this region of 
the chest. The movement of the second rib is also slight in normal respiration, as 
its anterior extremity is fixed to the manubrium, and prevented therefore from 
moving upwards. The chondro-stcmal articulation, howov er , allows the middle of the 
shaft to be drawn up, and in this way the transverse thoracic diameter is increased. 
Elevation of the third, fourth, fifth and sixth ribs raises and thrusts forwards 
their anterior extremities, the greater part of the movement being effected by the 
rotation bf the rib-neck backwards. The thrust of the anterior extremities carries 
forwards and upwards the gladiolus, which moves on the mariubrio-gladiolar joint, 
and thus the antero-posterior thoracic diameter is increased. This movement is, 
however, soon arrest(^d, and the elevating force is then expended in raising the 
middle part of the rib-sliaft and everting its lower border ; at the same time the 

costo-chondral angle is opened 

Fig. 441. — Diagram showing the axis of movement these latter movements 

(a b) of a vertebro-chondral rih. The interrupted considcrabhi increase in the 
lines indicate the ])osition of the rib in in- transverse diameter of the thorfix 
spiration. is effected. 

Vertehro - chondral ribs (fig. 
411). — The seventh rib is in- 
cluded with this group, as it 
conforms more (jlosely to their 
type. While the movements of 
these ribs assist in enlarging the 
thorax for respiratory purposes 
they are also concerned in in- 
creasing the upper abdominal 
space for viscera dis 2 >laced by 
the 'action of the Diaphragm. 
The costal cartilages articulate 
with one another, so that each 
pushes up that above it, the final 
thrust being directed to pushing 
forwards and upwards the lower 
end of the gladiolus. The 
amount of elevation of the an- 
terior extremities is limited on 
account of th(i very slight rota- 
tion of the rib-neck. Elevation 
of the vshaft is accompanied by 
an outward and backward move- 
ment ; the outward movement 
everts the anterior end r>f the rib and opens up the subcostal angle, vrhile the 
backward movement pulls back the anterior extremity and counteracts the 
forw'ard thrust due to its elevation ; this latter is most noticeable in the lower 
ribs, which nre the shortcjst. The total result is a co)isid(;rable increase in the 
transverse*, and a diminution in the median antero-posterior diameters of the upper 
part of the abdomen ; at the same time, however, the lateral antero-posterior 
diameters of the abdomen are increaseid. 

Vertebral ribs , — These ribs, having only costo-central articulations with no 
interarticular ligaments and free anterior extremities, are capable of slight move- 
ments in all directions. When the other ribs are elevated these are depressed 
and fixed t.o iorm points of action for the Diaphragm. 



VIIT. AKT1C1:LAT10N op the vertebral COLUMN" WITH THE PELVIS 

The ligaments coruiectirig the last lumbar vertebra wdth the sacrum arc 
^ similar to those w^hich join the movable segments of the vertebral column with 
each other — viz. : 1. The continuaiiori downwards of the anterior and posterior 
common ligaments. 2. The intervertebral disc, connecting the body of the 
last lumbar to that of the first sacral and forming an amphiarthrodial joint. 
3. Ligamenta subflava, connecting the arcli of the last lumbar vertebra with 
the posterior border of the sacral canal. 4. Capsular ligaments connecting 
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the articular processes and forming a double*arthrodia. 5. Inter- and supra- 
spinous ligaments. 

Two additional ligaments connect the pelvis w’ith the vertebral column ; 
these are the lumbo-sacral and the ilio-lumbar. 

The Lumbo-sacral Ligament (fig. 442) is a short, thick, triangular 
fasciculus, which is connected above to the lower and front part of the trans- 
verse process of the last lumbar vertebra, passes obliquely outwards, and is 
attached below to the lateral surface of the base of the sacrum, becoming 
blended with the anterior sacro-iliac ligament. In front this ligament is in 
relation with the Psoas. 

The Ilio-lumbar Ligament (lig. iliolumbale) (fig. 442), the thickened 
lower edge of tlic anterior lamella of the lumbar fascia, j)as8es horizontally 
outwards from the apex of the transverse process of the last lumbar vertebra 
to the crest of the ilium immediately in front of the sacro-iliac articulation. 


Fig. 442. — Articulations of pelvis and hip. Anterior view. 



It is of a triangular form, thick and narrow internally , broad and thin externally. 
In front it is in relation w'ith the Psoas ; behind, with the muscles occupying 
the vertebral groove ; above, with the Quadrat us liimborum. 

IX. ARTICULATIONS OF THE PETAas 

The ligaments connecting the bones of the pelvis with each other may be 
divided into four groups : 1. Those eomiecting the saciiim and ilium. 

2. Those passing between the sacrum and ischium. 3. Those uniting the 
sacrum and coccyx. 4. Those between tlio two pubic bones. 

1. Articulation of the Sacrum and Ilium (Articulatio Sacroiliaca) 

The sacro-iliac articulation is an amphiarthrodial joint, formed between 
the lateral surfaces of the sacrum and the ilium. The articular, ear-shaped 
surface of each bone is covered with a thin plate of cartilage, thicker on the 
sacrum than on the ilium. These cartilaginous plates are in close contact 
with each other, and to a certain extent are united together by irregular 



394 


SYNBESMOLOGY 


patches of softer fibro-cartilage, and at ttieir upper and posterior part by fine 
interosseous fibres. In a considcrablo part of tlieir extent, especially in 
advanced life, they are not connected together, but are separated by a space 
— ^coatiUJiixig a. sjnovia-like fluid, and lienee the joint presents the characters 
of a diarthrosis. 

'riie ligaments connecting these surfaces are the anterior and posterior 
sacro-iliac. 

The Anterior Sacro-iliac Ligament (lig. sacroiliacurn anterius) (fig. 442) 
consists of numerous thin bands, whicli connect the anterior surfaces of the 
sacrum and ilium. 

Thi; Posterior Sacro-iliac Ligament (lig. sacroiliacurn posterius) 
(fig. 44.3) is a strong ligament, situated in a deej) (h‘[)7essioii between the 
sacrum and ilium behind, and fonning the chief bond of connection between 
those bones. It consists of numerous strong fasciculi, uhich pass between 
the bones in various dii’cctions. Th<* upper part of the ligament (lig. 
sacroiliacurn jiostcrius briive) is neai'ly horizontal in direction, and passes 


Fig. 44.3.— Articulations of |)clvis and hip. Poalcrior view. 



fi'om the fii-st and second transverse tubercles on tin*, posterior surface of 
the sacrum to the rough, uneven surface at the posterior part of the inner 
surface of the ilium. The lower part (lig. sacroiliacurn posterius longum), 
oblicpie in direction, is attcached by one extremity tt) the third transverse 
tubiu'cle on the jiosterior surface of the sacrum, and by the other to the 
posterior superior spine of the ilium j the lower part is sometimes called the 
ohlique sacro-iliac ligamnd. 

Surface Form , — Tlie position of the sacro-iliac joint is indicated by the posterior superior 
spiru' of the ilium. This process is immediately behind the centre of the articulation. 

2. Ligaments passing betw^een the ISaciium and Ischium (fig. 444) 

The Great Sacro-sciatic. The fcjpiall Sacro-sciatic. 

The Great or Posterior Sacro-sciatic Ligament (lig. sacrotuberosum) is 
situated at the lou er and back part of the pelvis. It is fiat, and triangular in 
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form ; narrower in the middle than at the extremities ; attached by its brood 
base to the posterior inferior spine of the ilium, to the fourth and fifth trans- 
verse tubercles of the sacrum, and to the lower part of the lateral n\argin of 
that bone and the coccyx. Passing obliquely doi^oiwards, outwards, and 
forwards, it becomes narrow and thick, but at its insertion into tJie inner 
nicargin of the tubc^rosity of the ischium, it increases in breadth, and is pro- 
longed forwards along the inner margin of the ramus, forming uhat is known 
as the falciform ligament, tlio free concave edge of wliich gives attaclimont 
to the obturator fascaa. One of its surfaces is turned towards the perina?um, 
the other towards th(‘ Obturator ini emus. Tlic lower border of tile’s ligament 


Fig. 444. — Side view of pelvis, showing the groat and lesser sacro-soiatic ligaments. 
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is directly continuous with the tendon of origin of the Jong head of the Bic'cps, 
and by many is believed to b(^ tiic proximal end of this muscle, cut off by 
I lie projection of the tuberosity of the isidiium. 

Jicldlions. — The 'pastvriar surface of tJiis ligament gives origin, by its whoh*. ext(*nt, to 
librcs oi the Gluteus muximus. Its anterior surface is united to tlie lessor saero-sciatie 
ligament. Its crtermil harder forms, above, the jiosterioi boundary of the gri^at saero- 
sciatic forami*ii, iiTid, Iwilow, th(^ yiosterior boundary of thc^ small sacro-sciatic foramen.- 
Its lower border forms part of the boundary of the porin.eum. It is jiiereed by the 
coccygeal branch of the sciatic arteny, and coccygeal nerve. 

TJic Small or Anterior Sacro-sciatic Ligament (lig. saerospinosum), 
much shorter and smaller than the preceding, is tliin, triangular in form, 
attached by its apex to the spine of the ischium, and internally, by its broad 
base, to the latiiral margin of the sacrum and coccyx, in front of th(^ attacdi- 
ment of the great sacro-sciatic ligament wdth which its fibres are intermingled. 

Relations. — It is in relation anteriorly, with the C'Occygcus to which it is closely 
connected ; posteriorly, it is covered by the great saero-sciatic ligament, and crossed by 
the internal pudic vessels and nerve. ’ Its superior border forms the lower boundary of the 
great sacro-sciatic foramen ; its inferior border, part of the margin of the small sacro- 
sciatic foramen. 

These two ligaments convert the sacro-sciatic notches into foramina. The superior 
or great sacro-sciatic foramen (foramen ischiadicum majus) is bounded, in front and 
above, by the posterior border of the os innominatum ; behind, by the great socro- 
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sciatic ligament ; and below, by the small sacro-seiatic ligament. It is partially filled 
np, in the recent state, by the Pyriformis which passes through it. Above this muscle, 
the gluteal vessels and superior gluteal nerve emerge from the pelvis ; and below it, the 
sciatic vessels and nerves, the internal pudic vessels and nerve, the inferior gluteal nerve, 
and the nerves to the Obturator intemus and Quadrat us femoris make their exit from 
the pelvis. The inferior or small sacro-sciatic foramen (foramen ischiadicum minus) is 
bounded, in front, by the tub(‘r ischii ; above, by the spine of the ischium and small 
sacro-sciatic ligament ; behind, by the gicat sacro-sciatic ligament. It transmits the 
tendon of the (ibturator intornus, its nerve, and the internal pudic vessels and nerve. 

3. Articulation of the Sacrum and Coccyx 

This articulation is an ainphiartlirodial joint, fonned between the oval 
surface at the apex of the sacrum, and the base of the coccyx. It is homologous 
with the joints between the bodies of the vertebra?, and is connected by similar 
ligaments. Tliey arc : 

Anterior Saoro-coccygeal. Lateral Sacro-coccygeal. 

Posterior Sacro-coccygeal. Interposed Fibro-cartilage. 

Int^iiarticular. 

The Anterior Sacro-coccygeal Ligament (lig. sacrococcygeum ank?rius) 
consists of a few irregular fibres, which descend from the anterior surface of 
the sacrum to the front of the coccyx, becoming blended with the periosteum. 

Tlie Posterior Sacro-coccygeal Ligament (lig. sacrococjeygeum posterius) 
is a flat band, of a pearly tint, whieh arises from the margin of the lower orifice 
of the sacral canal, and descends to be inserted into the posterior surface of 
the coccyx. This ligament completes the lower and back part of the sacral 
canal and its superficial fibres are much longer than the more deeply seated. 
It is in relation, behind, with the Gluteus maximus. 

A Lateral Sacro-coccygeal Ligament (lig. sacrococcygeum laterale) 
exists on either side of the joint and connects the transverse process of the 
coccyx to tlie lower lateral angle of the sacrum. 

A disc of Fibro-cartilage is interposed between the contiguous suiiaces 
of the sacrum and coccyx ; it differs from those between the bodies of the 
vertebrae in being thinner, and its central part firmer in texture. It is some- 
what thicker in front and bcliind than at the sides. Occasionally the coccyx 
is freely movable, most notably during pregnancy ; in su(;h eases a synovial 
membrane is present. 

The Interarticular Ligaments are thin bands of ligamentous tissue, which 
unite the cornua of the twD bones. 

The dilhuent segments of the (coccyx are (joimected together by the exten- 
sion downwards of the anterior and posterior sacro-coccygeal ligaments, thin 
annular discs of fibro-cartilage being interpos<»,d between the segments. In 
tlie adult male, all the iiieces become ossified together at a comparatively 
early period ; but in the female, this does not commonly occur until a later 
piuiod of lih^. At a more advanced age the joint between the sacrum and 
coccyx is oblit<‘rated. 

Movements. — The movements which take place between the sacrum and 
coccyx, and lietween the different pieces of the latter bone, are forwards and 
backwards ; they are very limited. Their extent increases during pregnancy. 

4. Articulation of the Pubic Pones (Symphysis Pubis) 

Tlie articulation betw’een the jiubic bones is an amphiarthrodial joint, 
formed bet^^•een the two oval articular surfaces of the pubic bones. The 
ligaments of this articulation are : 

Anterior Pubic. Superior Pubic. 

Posterior Pubic. Subpubic. 

Interpubic Disc. 

The Anterior Pubic Ligament (lig. pubicum anterius) (fig. 442) consists 
of several superimposed layers, which pass across the front of the articulation. 
The superficial fibres pass obliquely from one bone to the other, dbeOugsating 
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and forming an interlacement with the fibres of the aponeurosis of the 
External oblique and the inner tendons of origin of the Recti. The deep 
fibres pass transversely across the symphysis, and are blended with the 
fibro-cartilage. 

The Posterior Pubic Ligament (lig. pubicum posterius) consists of a few 
thin, scattered fibres, which unite the two pubic bones posteriorly. 

The Superior Pubic Ligament (lig. pubicum superius) is a band of fibres, 
which connects together the two pubic bones superiorly. 

TheSubpubic Ligament (lig. pubicum infer! us) is a thick, triangular arcli 
of ligamentous fibres, connecting together the two pubic bones below, and 
forming the upper boundary of the pubic arch. Above, it is blended with the 
inU^rarticular fibro-cartilage ; laterally, it is attached to the descending rami 
of the pubic bones ; below’', it is free, 
and is se|)aratt^d fiom tlie triangular 
ligament of the porinaBum by an open- 
ing through which the dee]) dorsal 
vein of tlie })enis passes into Hub 
pelvis. 

liie Interpubic Disc (lamina 
fibroeartilaglru'a interpubica) connects 
the opposed surfaces of the pubic 
bones. Each of the bony surfaces is 
covered by a, thin layer of hjMline 
cartilage firmly eoniuuited (o the bone 
by a series of nipple-likct ])rocesses 
whicii accurately fit within corre- 
sponding depressions on the osseous 
surfaces. These opposed cartilaginous 
surfaces are connected together by an 
intermediate lamina of fibro-cartilage 
which varies in thickness in different 
subj(‘cts. It often contains a cavity in 
its int(Tior, probably formed by the 
softening and absorption of the fibro-cartilage, since it rarely api)cars before 
the tenth 3 'ear of life and is not lined by synovial membrane. This cavity 
is larger in the female than in the male, but it is very doubtful wlioilier it 
enlarges, as w^as forjricrly supjmsed, during pregnancy. It is most fnjquently 
limited to the upper and back part of t he joint ; but it occasionally reaches to 
the front, and may exh^nd tluB ent-ire length of the (lartilage. It may be easily 
demonstrated by making a (joronal section of ilie symphysis pubis near its 
X)osterior surfac(i (fig. 445). 

The Obturator Membrane (membrana obtiiratoria) is more properly 
re garded as analogous to the muscular fascia), wdlli w4iicli it aniU be desciibed 
(page 575). 

Mechanism of the Pelvis 

The pelvic girdle suf)p()rts ajid protects the contained viscera jnid affords 
surftTces for the attachrncTits of the trunk and lower hmb muschis. Its most 
important mechanical function, how^cver, is to transmit the weight of the trunk 
and upper limbs to the lower (ixtremitics. 

It may be divided into tw^o arclics by a vertical plane passing through the 
acetabular cavities ; the posterior of these arches is the one chiefly concerned in 
the function of transmitting the weight. Its ess(*.iitial parts are tlie upper three 
sacral vertebrae and two strong pillars ol bone running from the saci o-iliac articula- 
tions to tlie acetabular cavities. For the reception and diffusion of the weight 
the acetabular cavity is striingtliened by two additional bars running towards the 
pubis and ischium. In order to lessen concussion in rapid changes of distribution 
of the weight, joints (sacro-iliac articulations) are interposed between the sacrum 
and the iliac bones ; an accessory joint (symphysis pubis) exists in the nfiddlc of 
the anterior arch. The sacrum forms the summit of the postenor arch ; tlie 
weight transmitted falls on it at the lumbu-sacral articulation and, theoretically, 
has a component in each of two directions. One component of the force is. 
expended in driving the sacrum downvrards and backwards between the iliac bones,.. 


ij. 445. — Coronal section of the Kym})hysi.s 
pubis. Made near its posterior surface. 
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while the other thrusts the upper end of the sacrum* downwards and forwards 
towards the pelvic cavity. 

The movements of the sacrum are regulated by its form. Viewed as a whole, 
it i)Tcsents the shape of a wedge with its base upwards and forwards. The first 
component of the force is therefore acting against the resistance of the wedge, and 
its tendency to separate the iliac bones is resisted by the sacro-iliac and ilio-lumbar 
ligaments and by the ligaments of the symphysis pubis. 

If a seritis of coronal sections of the sacro-iliac joints be made, it will be found 
j)ossible to divide the articular portion of the sacrum into three segments : anterior, 

h"ici. 44(i. — Coronal section of antei ior sacral segment. 



middle, and posterior hi the nhtrrior srfpnod (iig. 4-l(>;, which involvcss tlie first 
sacral vertedu’a, the articular surfac(‘s show slight sinuosities and are almost parallel 
to one another ; tin; dislaiice betw(M‘n their dorsal margins is, however, slightly 
greater tlian tliat het\\eeii their ventral fiiargins. Tliis segment therefore ])resents 
a slight wedg(* shape with tli(‘ truncated apex downwards. Thci middle svfiincid 
(fig. 117) is a narrow hand across the centres of the articulations. Its dorsal 
width is distinctly greater than its ventral, so that the segment is more definitely 
wedge-shaj)ed, tli(‘ truncated apex being again directed downwards. Each 

hie. 447. — Coional section ol middle sacral segment. 



articular surface piM'senls in the centre a marked concavity from above down- 
wards, and into this a curresponding convexity of tlie iliac articular surface fits, 
forming an interlocking jneclianism. In the 'poslerior segmiml (lig. 448) the ventral 
width is greater than the dorsal, so that tlie wedge form is the reverse of those 
of the other segments — i.e. the truncated apex is directed upwards. The articular 
surfaces are only slightly concave. ' 

Dislocation downwards and forwards of the sacrum by the second component 
of the force applied to it is prevented thendore by the middle segment, which 
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interposes tlie resistance of its wedge shape and that of the interlocking mechanism 
on its surfaces ; a rotatory movement, however, is produced by which the anterior 
segment is tilted downwards and the posterior upwards ; the axis of this rotation 
passes through the dorsal part of the middle segment. The moveii\ent of the 
anterior segment is slightly limited by its wedge form, but chiefly by the posterior 
sacro-iliac ligamcmts ; that of tlie posterior segment is checked to a slight extent 
by its wedge form, but the cliief limiting factors are the great and snuilJ sacro- 
sciatic ligaments. In all these 

niovements the effect of the sacro- 448.— Coronal section of posterior 

lilac and iho-lumbar ligaments sacral segment, 

and the ligaments of the sym- 
physis pubis in resisting tlie 
separation of th(i iliac boii(;s must 
be recognised. 

LUiring pregnancy the ])elvic 
joints and ligaments are relaxed, 
and cajiable tln'ndorc', of more 
extensive movements. Wlien the 
tortus is being expelled the force 
is applied to lh(* front of tin* 
sacrum. Upward dislocation is 
again prevented by the inter- 
locking mechanism of the middle segment. v\s (lie fcctal head ])asses the 
anterior segment the Jatt(‘r is carried upwards, enlarging the antero -posterior 
diaimder of the pelvic inlet ; when tli(‘ head readies the posterior segment tliis 
also is pressed upwards against the resistance ot its vvedg(‘, the movement only 
being jiossible by the laxity of the joints and the stndcliing of tlie sacro- sciatic 
ligaments. 

AiriKT^LATlONS OF THE UPJ^EU EXTREMITY 

Tlu‘ articnilations of the Upper Extremity iTiay be arranged as foll(>\vs : 

I. St(‘nio-clavi(mlar. AT. Wrist. 

11. A(;roinio-clavicular. ATI. C?arpal. 

111. Shoulder. ATIl. (hrpo-iiictac arpal. 

JV. Elbow. IX. Intermtdacarpal. 

A". Radio-ulnar. X. Motacarpo-])ha]angoal. 

XI. Tntcrjihalangeal. 

1 STKIJNO CliAVlCLILAil AKTK’UI.ATIOX I AllTlCULATK) STERNOCLAVICULAKIS) 

I’be sterno clavicular arliculation (fig. 449) is n‘garded by most anatomists 
as an arthrodial joint ; but (Yuveilhitw considers it to be an articulation by 
reciprocal reception. Crobably the former oihnion is correct, the variety of 
inovoments w liicli the joint enjoys being due to tlic inter] »osition of an iiiter- 
articLilar fi bro-cartilagc between tlie joint surfaces. The parts entering into 
its formation are the sternal end of the clavich', t he ujijjer and lat('i*a] jiart of 
the juamibrium sterni, and the cartilage of the first rib. TJie art icuhir surface 
of the clavicle is much h\rg(;r than that of the sternum, and is invested with 
a layer of cartilagi*,* whicdi Is considerably thicker than that on the lattei- 
bone. The ligaments of this joint an^ : 

Capsular. Intercla v icular . 

Anterior Sterno-elavicular. Costo-clavicular (rhomboid). 

Posterior 8terno-(;lavicular. Tnterarticular fibro-earlilage. 

'^rhe Capsular Lig^ament (capsula articular is) c-onipletely surrounds the 
articulation and consists of fibres ol varying degrees of thickness and strength. 
Those in front and behind arii of (considerable thickness, and form the anterior 
and posterior sterno-clavicular ligaments ; but those above, and especially 
those below, are thin and scanty, and partake more of the character of 
areolar than of true fibrous tissue. 

* According to Bruch, the sternal end of the clavicle is covered by a tis.sup which is fibrous 
rather than cartilaginous in structure. 
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The Anterioi- Sterno-clavicular Ligament (lig. sternoclavicularo ant.) 
is a broad band of fibres, which covers the anterior surface of the articula- 
tion; it is attached above to the upper and front part of the inner extremity 
of the clayiclc, and, passing obliquely downwards and inwards, is attached 
below to the front of the upper part of the manubrium sterni. This ligament 
is covered by the sternal portion of the Sterno-cleido-mastoid and the integu- 
ment ; behind, it is in relation with the eaj)SuJe, the ihterarticular fibro- 
cartilage and the two synovial membranes. 

Tiie Posterior Sterno-clavicular Ligament (lig. sternoclavicularo post.) 
is a similar band of fibres, whicli covers the posterior surface of the articula- 
tion ; it is attaciiod above to the upper and back part of the inner extremity 
of the clavicle, and, passing obliquely downwards and inwards, is attached 
b<‘low to the back of the upper part of the manubrium sterni. It is in relation, 
in front, with the interarticjiilar fibro-cartilage and synovial membranes ; 
behind, with tlie Sterno-hyoid and Sterno- thyroid. 

The Interclavicular Ligament (lig. interclaviculare) is a flattened band, 
wind) varies considf^rably in form and size in different individuals ; it passes 
in a curved direct ion from the upper part of the inner extremity of one clavicle 
to that of the otlicu', and is also attached to the upp(‘r margin of the sternum. 
It is in relation, in front, with the integument; behind, with the Sterno- 
thyroid muscles. 


Fia. 440. — Sterno-cJaviculai* articulation. Anterior view. 



The Costo-clavicular or Rhomboid Ligament (lig. costoclavi(ailai<‘) 
is short, flat, strong, and rhomboid in lorm. Attached belowr to the uppei^ 
and inner })art of the cartilage of the first rib, it asc^ends obliquely backwards 
and outwards, and is attached above to the rJiomboid depression on the 
under surfac(? of tlie eJaviele. It is in relation, in front, wdth the tendon of 
origin of the Subclavius ; behind, with the subclavian vein. 

The Interarticular Fibro-cartilage (discus articularis) is a flat and 
nciirly circular disc, interposed between tlie articulating surfaces of the sternum 
and (jlavicle. It is attached, above, to thci upper and posterior border of the 
articular surfa(;e of the clavicle ; l)elow, to the cartilage of the first rib, 
near its junction witli the sternum ; and by its circumference to the inter- 
(4avi(;ular and anterior and posterior sterno-clavicular ligaments. It is thicker 
at the circumf(‘r(mc(*, especially its upper and back x^ft-rt, than at its centre. 
It divides tlie joint into two cavities, eacli of which is furnished with a synovial 
membrane. 

Of the two Synovial Membranes found in tliis articulation, the outer 
is reflected from the st:ernal end of the clavicle, over the adjacent surface of 
the fibro-cartilage, and over the cartilage of the first rib ; the inner is attached 
to the margin of the articular surface of the sternum and clothes the adjacent 
surface of the fibro-cartilage ; the latter is the larger of the tw'o. 
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Movements. — Tliis articulation is the centre of the movements of the shoulder, 
and admits of a limited amount of motion in nearly every direction — upwards, 
downwards, backwards, forwards, as well as circumduction. When these move- 
ments take place in the joint, the clavicle in its motion carries the scapula with 
it, this bone glidiiifi on the outer surface of the chest. This joint therefore forms 
the centre from wliich all movements of the supporting arch of the shoulder 
originate, and is the only point of articulation of this part of the skeleton with 
the tnink. ‘ The movements attendant on elevation and depression of the shoulder 
take place between the clavicle and the iiiterarticular fibrp-cartilage, the bone 
rotating upon the ligament on an axis drawn from btdore backwards through its 
own articular facet. When the shoulder is moved forwards and backwards, the 
clavicle, with the intern rticular libro-cartilagc, rolls to and fro on the articular 
surface of the stemum, revolving, with a sliding niovement, round an axis drawn 
nearly vertically through the sternum. In the circumduction of the shoulder, 
which is compounded of these two movements, the clavicle revolves upon the 
intcrarticiilar fibro- cartilage, and the latter, with the clavicle, rolls upon the 
sternum.’ * Elevation of the shoulder is limited principally by the costo-clavicular 
ligament; depression, by the iiitcrclaviciilar ligament and ijiterarticiilar fibro- 
cartilage. The muscles which raise the chwicle. as in shrugging the shoulders, 
are the upper fibres of the Trapezius, the Ijevator anguli scapula?, and the clavicular 
head of the Steruo-mastoid, assisted to a ccHain cxt(‘nt by the two Rhomboids, 
which pull the vert(?bral border of the scapula backwards and upwards and so 
raise; the clavicle. The depression of the clavicle is principally eilected by gravity 
assisted by the Subclayius, Pecturalis minor, and lower fibres of the Trapezius. 
It is drawn backwards by the; Rhomboids and the middle ami lower fibres of the 
Trapezius, md forwards l)y the Serratus magnus and IVctor.ilis minor. 

Surface. Form , — The stei’iio-cJavicular joint is subcutaneous and its position may be 
easily ascfTtairied by feeling the enlarged sternal end of the clavicle just external to the 
long, cord-likc, sternal origin of the St<‘rno-maHtoid. Tf this muscle he relaxed by 
l)ending the head forwards, a depression just internal to the end of the clavicle, and 
hetwoon it and the sternum, can bo felt, indicating the exact position of the joint. 

Applied Aiwdnmfj. —The strength of this joint mainly depends upon its ligaments, and 
it is owing to this, and to (he fact that the forct* of the blow is usually transmitted along 
the long axis of the clavicle, that dislocation rarely o(;curs, and that the bone is broken 
• rather than displaced. When dislocation does occur, tin; course which the displaced bone 
takes depends more upon the dir<*ction in which the violence is applied than upon the 
anatomical construction of the joint ; it may bo either forwards, backwards, or upwards. 
Should it be displaced backwards it may (;aiiso pressure on the trachea. The chief point 
worthy of note, as regards the construction of the joint, in conneclion with dislocation, 
is ihf' fact that, ow'ing to the shape of the articular surfaces, and the strength of (ho joint 
mainly (lepeiiding upon the ligaimmts, tlic displacement when reduced is very liable to 
recur, and hcnco it is extremely dillicult to keep the end of the hone in its proper place. 


;.i. ACUOMlO-CliAVJCULAU ATITICU bA'I’TON (AUTlCUbATU) ACIiOMlO- 
CbAVICULAIllS) 


The acromio-clavicular articulation (fig. 450) is an arthrodial joint between 
the outer extremity of the clavicle and the inner margin of the acromion 
process of til e scapula. Its ligaments are : 


CJapsulai*. 

Superior Acromio-clavicular. 
Inferior Acromio-clavicular. 


I n 1 erart i c ular Ei bi*o-car tilage . 


The Capsular Ligament (capsula articularis) completely surrounds the 
articular margins, and is specially strong above and below, where it forms 
the superior and inferior acromio-clavicular ligaments. It consists of fibres 
arranged parallel to each other and passing between the adjacent borders of 
the two bones. 

The Superior Acromio-clavicular Ligament (Jig. acromioclavicuJare sup.) 
a quadrilateral band, whicli covers the superior part of the articulation, 
extending betw een the upper part of the outer end of the clavicle and the adjoin- 
ing part of the upper surface of the acromion. It is composed of parallel fibres. 


Humphry, On tlw Ilmnan Skeleton, page 402. 
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which iiit/orlace witli the aponeuroses of the Trapezius and Deltoid ; below, 
it is in contact with the interarticular fibro-cartilage when this is present. 

The Inferior Acromio-clavicular Ligament (lig. acromioclavi(!ulare inf.) 
is somewhat tliinmw than the preceding : it covers the under part of the articu- 
lation, and is attached to the adjoijiiug surfaces of the two bones. It is in 
relation, above, in raic cases with the interarticular fibro-cartilagc ; belov', 
w’itli the tendon of the Supraspinatus. 

The Interarticular Fibro-cartilage (discus articularis) is frequently 
absent in this articulation. When it exists, it generally only partially separatees 
the articular surfaces, and occaipies the upper part of the articulation. More 
rarely, it completely separattvs the joint into two cavities. 

The Synovial Membrane. — There is usually only one synovial membrane 
in this articulation, but when a complete intc‘rarlicular fibro-cartilage exists, 
there are tAVO. 


Fkj. 450 . — The left shoulder- joint, aoroinio-clavicnhir artioiilation, 
and }>roper ligaments of scai)iila. 



The coracoclavicmlare) (fig. 450) servos 

lo connect the cdavick* with 1 no coracoid pro(;ess of tlie scapula. It does not 
])n)porly l)ciong to this articulation, but it forms a most ofiicient nu;ans of 
retaining th(‘ clavicle in contact with the acromial ju’oeoss, it is usually 
described with it. It_consists of two fasciculi, callc^d th(‘ trapezoid and conoid 

l im me rits. ■ 

pezoid Ligament (lig. trajiezoideiim), the anterior and external fasci 
eiilus, is broad, thin, and quadrilateral : it is placed obliquely between the 
coracoid process and the clavielo. It is iittached, below, to the upper surface 
of the coracoid process ; abovi?, to the oblique line on tlie under surface of 
the clavicle. Its anterior border is fre(* ; its posterior border is joined with 
the cjonoid ligament, tlie two forming, by their junction, an angle projecting 
backwards. 

The Conoid Ligament (lig. conoideum), the posterior and internal fasciculus, 
is a dense btod of fibres, conical in form, with its base directed upwards. It is 
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attached by its apex to a rough impression at tlie base of the coracoid process, 
internal to the preceding ; above, by its expanded base, to the conoid tubercle 
on the under surface of the clavicle, and to a line proceeding inttuiially 
from it for half an inch. These ligaments are in relation, in front, with the 
Subclavius and Deltoid ; behind, with the Trapezius. 

Movements. — The movements of this articulation are of two kinds : 1. A gliding 
motion of the articular end of the clavicle on the acromion. 2. Rotation of tlu' 
scapula forwards and backwards upon the clavicle ; the extent of this rotation 
is limited by the two portions of the coraco-clavicular ligament, the trapezoid 
limiting rotation forwards and the conoid backwards. 

The acromio-clavicular joint has important functions in the movements of 
the upper extremity. It has been well pointed out by Humphry, that if there 
had been no joint between the clavicle and scapula, the circular movement of 
the scapula on the ribs (as in throwing the should(^rs backwards or forwards) would 
have been attended with a greater alt(5ration in the direction of the shoulder than 
is consistent with the free use of the arm in such positions, and it would have 
been impossible to give a blow straight forwards with the full force of the arm ; 
that is to say, with the combined force ol the scapula, arm, and forearm. ‘ This 
joint,’ as he happily says, ‘ is so adjusted as to eiuible either bone to turn in a 
hinge-like manner upon a vertical axis drawn through the oth(‘r, and it ptsrmits 
the surface's of the scapula, like the baskets in a roundabout swing, to look the 
sann* way in every position, or nearly so.’ Again, when the whole arch formed 
by the clavicle and scapula risers and falls (in elevation or deprcjssion of th(‘ 
shoulders), the joint between these two bones enables the scapula still to maintain 
its lower part in contact with the ribs. 

Surface Form. — 'Plie position of the a<*romio-clavicular joint can generally be ascer- 
tained by dclining the slightly enlarged extremity of the outer end of the clavicle, which 
projects abovt^ the level of the acromion xirocess of the scapula. St)inetimos thih 
enlfirgoment is so considerable as to form a rounded eminence, which is easily felt. The 
joint lies in the j)lauc of a vortical line ])ciS8ing nj) the middle of the front of the arm. 

AppHcd Anatomi /. — The acromio-olaviciilar joint owes its security mainly to the 
eoraco -clavicular ligament, which limits the aniouiit of movemimt of the outer end of the 
clavicle either upwards, backwards, or forwards. Owing to Iho slanting shape' of the 
articular surfaces of this joint, dislocation generally ocunirs upwards : that is to say, 
the outer end of tlui clavicle, is dis})Iaced above the acromion ])tocoss of tlic scapula. 
The displac-cment is often iiuujmplete, on account of the strong coraco-clavicular 
ligaments, which remain untorn. 1’hc same difficulty exists, as in the sterno -clavicular 
dislocation, in maintaining the ends of the bone in position after reduction. 

liK^XMKXTS OF THE SCaPUHA 

Tin; ligaments of the scapula (fig. 450) are : 

C'Orae()-a(u*omiaI, I’l-ans verse, and Spiiio-gleiioid. 

Tlu^ Coraco-acromial Ligament (lig. coracoacroiniale) is a strong triaiigiiJar 
band, extending between tlie coracoid and acromion process(\s. It is attached, by 
its apex, to the summit of the acromion just in front of the articular surf act? 
for tlie clavicle ; and by its broad base to the wdiolo length of the outer border 
of the coracoid process. Its posterior fibres arc directed inwards, its anterior 
fibres forwards and inwards. This ligament ^ togetluu' with the coracoid and 
acromion jiroccsscs, forms a vault for the protection of the head of the 
humerus. It is in relation, abovt^, w ith the clavicle and under surface of the 
Deltoid ; belo\v% with the tendon of the Supraspinatus muscle, a bursa being 
interposed. Its outer border is cojitinuous with a dense lamina tliat passes 
bi'iieath the Deltoid upon the tendons of the Supra- and Infra- spinatus 
muscles. The ligament is sometimes described as consisting of two marginal 
bands and a thinner intervening portion, the tw^o bands being attached respec- 
tively to the apex and base of the coracoid process, and joining together at 
tfieir attachment into the acromion process. When the Pcctoralis minor is 
inserted, as occasionally is the case, into the capsule of the shoulder- joint 
instead of into the coracoid process, it passes between these two bands, and 
the intervening portion is then deficient. 

(lig- tranaversum scapulae 

supenus) converCSwio suprascapular ndtcffmfCT'a foramen. It is a thin and 
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flat fasciculus, iiaiTower at the middle than at the extremities, attached by one 
end to the base of the coracoid process, and by the other to the inner extremity 
of the scapular notch. The supr^capular nerve passes through tl^g^ foramen ; 
the suprascapular vessels pass over the ligament. HieligamonT is s'omefiilies 
oSsifiM.” ' ’ ' " ' 

The ^ino-glenoid Ligament (lig. iransversum scapulae inferms) consists 
of a banooTTOrcs," sitdatiSa on the posterior surface "of the neefe the scapula 
and stretching from the outer border of the spine to the margin of the glenoid 
cavity. It forms an arch under whicli the suprascapular vessels and nerve 
pass as they enter the infraspinous fossa. 

III. KllOUTiDER-JOINT (AUTICULATK) HUMERI) 

Tile shoulder-joint (fig. 450) is an cnarthrodial or ball-and-socket joint. 
The bones entering into its formation are tlu^ large hemispherical head of the 
liumerus and the shallow glenoid cavity of the scapula, an arrangement which 
permits of very considerable movement, Mhile the joint itself is protected 
against displacement by the tendons which surround it. The ligaments do 
not maintain tin? joint surfaces in apposition, because wlicn they alone remain 
the humerus can be separated to a considerable extent from the glenoid cavity ; 
their use, therefore, is to limit the amount of movement. The joint is pro- 
tected abov(i by an arch, formi^d by the coracoid and acromion processes, and 
the eoraeo- acromial ligament. The arthmlar siirfac(is arc covered by cartilage : 
that on the head of the humerus is thicker at the centre than at the circum- 
ference, the nwerse being the case in the glenoid c;avity. The ligaments of 
the shoulder arc : 

Gapsular . Gleno-hurneral . 

(Joraco-huincral . Transverse Humeral. 

Glenoid.* 

The Capsular Ligament (cajisula articularis) completely encircles the 
articulation, being attached, abov^e, to the circumference of ihv. glenoid cavity 
beyond the glenoid ligament; below, to the anatomical neck of th(^ humerus, 
a])pr()achirig nearer to the articular cjirtilage above than in the i*est of its 
extent. It is thicker above and below tban els(‘ where, and is remarkably 
loose and lax, and much largc^r and longer tban is neecjssary to keep the bones 
in contact, allowing them to bo separated from each other moie than an inch, 
an evident ])rovi.sjon for that extiem(‘ freedom of movement which is peculiar 
to this articulation. It is strengthened, above, by the Siipraspinatus ; below, 
by the long head of the Triceps ; behind, by the tendons of the Infraspinatus , 
and Ter(‘S minor ; and in fi’ont, by the tendon of the Subscajmlaris. The 
capsular ligament usually ]>resents three openings. One anteriorly, below 
the coracoid process, (*stablishes a communication between the joint and a 
bursa beneath the tcrulon of the JSubseapularis muscle. Th(^ second, \s'hieli 
is not constant, is at the posterior part, where a communication sometimes 
exists between the joint and a bursal sac under the tendon of the Infraspinatus 
muscle. The third is s(ien between the tubc^rosities of the liumerus, for tlu*, 
passage* of tb(‘ long tendon of the Biceps. 

'file Coraco-liumeral Ligament (lig. coracohumerale) is a broad band 
which strengthens the np])er jmrt of the capsular ligament. It arises from 
the outer bi>rdcr of tlu^ coracoid process, and i>asses obliquely dow'iiwards 
and outw^ards to the front of the great tuberosity of the humerus, being blended 
with the t(*ndon of the Siipraspinatus. This ligament is intimately united 
to the capsular ligament by its hinder and lower border ; but its superior and 
anterior border presents a free edge, wliiiih overlaps tlie capsular ligament. 

Gleno-humeral Ligaments. — In addition to the eoraco-humeral ligament, 
three supple mc^ntal bands, which arc named the gleno-humeral ligaments, 
strengthen the capsular ligament. These may be best seen by opening the 
v;apsme at the back of the joint and removing the head of the humerus. One 

* TJie long tendon of origin of the Riceps also aots as one of tlie ligaments of this joint. 
See tiie observations on i»age .*>72, on the function of the muscles passing over more tlian 
one joint. 
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of them is situated on the inner side of the joint, and passes from the inner 
edge of the glenoid cavity to the lower part of the lesser tuberosity of the 
humerus. A second is situated at the lower part of the joint, and passes from 
the under edge of the glenoid cavity to the under part of the anatomical neck 
of the humerus. A third is situated at t-he upper part of the joint, and is 
fixed above to the apex of the glenoid cavity close to the root of the coracoid 
process, and passing downwards along the inner edge of the tendon of tlie 
Biceps, is attached below to a small depression above the lesser tuberosity 
of the humerus. In addition to these, the capsule is strengthened externally 
on its anterior asi)ect by two bands derived from the tendons of the Pectoralis 
major and Teres major respectively. 

The Transverse Humeral Ligament is a broad band of fibrous 
tissue passing from the lesser to the greater tuberosity of the humerus, and 
always limited to that j)ortion of the bone which lies above the epij)hysial 
line’s. It converts the bicipital groo\'e into an osseo-apoiieurotic canal, and 
is the honiologue of the strong process of bone wliich connects the summits 
of the two tuberosities in tlie musk ox. 

The Glenoid Ligament (la brum glonoidalc) is a fibro-cartilaginous rim 
attached round the margin of the glenoid cavity. If is triangular on section, 

Pi(i. 4r)l. — Coronal sectioiis through the sho'ilder- joint (a) with the jutii hanging 
by the side; (b) with the arm abducted at right angles. (After Ifenle.) 

A B 

Bk'KI'S Cftfi'nl- Sl'I’llASlMN \Tl > I'/tirttf. 



the thickest portion being fixed to tJie eireumfererK^e of the cavity, tlie free 
edge [K‘ing thin and sliarp. It is continuous abv)ve with th(5 long tendon 
of the Biceps, which gives off two fasciculi, to blend with 1h(‘ fibrous tissiu* 
of the ligament. This ligametit deepens the cavity for articulation, and 
prol(‘ets the edges of the bone. 

Tlie Synovial Membrane is retlccUid from tlui margin of tin* glenoid 
cavity over the glenoid ligament ; it is then r(dleet(^d ovtu* the internal surfaee 
of the (capsular ligament, and covers the lower part tind sides of the anatomical 
neck of the humerus as far as the (cartilage covering the head of the hone. The 
long tendon of the Biceps which xmsses through tlie eafisular ligament is 
enclosed in a tubular sheath of synovial membram*, which is reflected uf)on 
it at the point ivlnue it perforates the capsule, and is continued around it 
as far as the summit of the glenoid cavity. The tendon of the Bicefis thus 
traverses the articulation, but it is not contained in the interior of the synovial 
cavity. 

Bursas. — The bursic in the neighbourhood of the shoulder- joint are tin* fol- 
lowing : (1) A constant bursa is situated between the tendon of the Subscapularis 
muscle and the capsule of the joint; it communicates with the synovial cavity 
through an opening in the front of the cux)sular ligament : (2) a bursa which 
occasionally coiumunicatcs with the joint is sometimes found betw^een the tendon 
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of the Infraspinatus and the capsule : (3) a large bursa exists between the under 
surface of the Deltoid and the capsule, but does not communicate with the joint ; 
this bursa is prolonged under the acromion process and coraco-acromial ligament, 
and intervenes between these structures and the capsule of the joint : (4) a large 
bursa mucosa is situated on the summit of the acromion : (5) a bursa is 
Irequently found between the coracoid process and the capsule of the joint : 

is a bursa beneath the Coraco-brachialis : (7) one lies between the Teres 
major head of the Triceps : (8) one is placed in front of, and another 

behind, the tenS^U^of the Latissinius dorsi. 

The Muscles in roTtdiOft-with the joint are, above, the Supraspinatus ; below, 
the long head of the Triceps ; in front, the Subscapularis ; behind, the Infra- 
spinatus and Teres minor ; witliin, the long tendon of the Iliceps. The Deltoid 
is placed most externally, and covers the articulation on its outer side*, as well 
as in front and behind. 

The Arteries sup])l 3 dng the joint arc articular branches of the anterior and 
posterior circumflex, and suprascapular. 

The Nerves are derived from the circumflex and suprascapular. 

Movements. — The shoulder- joint is capable of every variety of movement, 
flexion, extension, abduction, adduction, circumduction, and rotation. The 
humerus is flejred (drawn forwards) bv the Poctoralis major, anterior fibres of 
tlui Deltoid, Coraco-brachialis, and when the forearm is flexed, by the Biceps ; 
extended (drawii backwards) b)^ the Latissiinus dorsi. Teres major, posterior fibres 
of the Deltoid, and, when the forc'arm is (^xtend(Hl, by the Triceps; it is abducted 
by the Deltoid and Supraspinatus ; it is adducted by th(‘, Subscapularis. Poctoralis 
major, Latissiinus dorsi, and Teres major, and bv the weight of tlie limb ; it is 
rotated outwards by the Infraspinatus and Teres minor; and it is rotated inwards 
by the Subscapularis, Latissimns dorsi, Teres major, Poctoralis major, and the 
anterior fibres of the Deltoid. 

The most striking peculiarities in this joint arc^ : J. The large size of the, head 
of the humerus in coinjiarison with Ihe, depth of the glenoid cavity, even when 
this latter is supplemented by tin* glenoid ligament. 2. The loos(;ness of the 
capsule of the joint. 3. Tlie intimate eoniieetion of the capsule with the nuiseles 
attached to the head oi tli(^ humerus. 4. The pe(‘uliar relation of Ihe Biceps 
tendon to the joint. 

It is ill conser|Uence of the ndative sizes of the two articular surfaces, and the 
looseness of the capsular ligament, that the joint enjoys such free movement 
in eveiT possible direction. AVhen these movements of the, arm are arrested in 
the shoulder-joint by the eonlaet of tie* bonv surfaces, and by the tension of the 
corresponding fibres of the capsule, together with that of the muscles acting as 
accessorv ligaments, the arm can be carried eonsi(h*rably farther bv the inovenumts 
of the scapula, involving, of course, motion at the acromio- and slenio-clavicular 
joints. These joints ar<j therefore to be regarded as accessory structures to the 
shoulder- joint (see ])p. -101 to 103). The extent of these movements of the scapula 
is very considerable, especially in extnune elevation of the arm, which movement 
is best accomplished when the arm is thrown somewhat forwards and outw'ards, 
because the margin of tin* head of the hum(*rus is by no means a true circle ; its 
gr(*atest diamet(*r is from the liicipital groove, downwards, inwards, and back- 
wards, and the greatest elevation of the arm can be obtained by rolling its articular 
surface in tlu* direction of this measurement. The great width of the central 
portion of tin* humeral head also allow%s of very free horizontal movement Avhen the 
arm is raised to a right angle, in which movement the arch form(*d by the acromion, 
the eoiacoiil jirocess, and the coraeo-aeromial ligament, eoiislitutes a sort of sujiple- 
mental aitieular cavity for the head of the bone. 

Tin* loos(;n(‘ss of the cajisiile is so great that the arm will fall about an inch 
from the scajuda when the muscles are dissected from the capsular ligament, and 
an opening made in it to counteract the atmospheric prcjssuro. The movements 
of the joint, therefore, are not regulated by the capsule so much as by the 
surrounding muscles and bv the pressure of the atmosphere, an arrangement which 
‘ renders the movemontLS of tin*, joint much more easy than tluiy would otherwise 
Lave been, and permits a swinging, pendulum-like vibration of the limb when 
the muscles are at rest ’ (Humphry). The fact, also, that in all ordinary positions 
of the joint the capsule is not put on the stretch, enables the arm to move freely 
in all directions. Extreme movements are checked by the tension of ai)propriate 



SHOULDER-JOINT 


407 


portions of the capsule, as well as by the interlocking of the bones. Thus it is said 
that ‘ abduction is checked by the contact of the great tuberosity with the upper 
edge of the glenoid cavity ; adduction by the tension of the coraco-humeral 
ligament ’ (Beaunis et Bouchard). Cleland * maintains that the limitations of 
movement at the shouldcu-joint arc due to the structure of the joint itself, the 
glenoid ligament fitting, in different positions of the elevated arm, into the 
anatomical luick of the humerus. 

The scapula is capable of being moved upw^ards and downwards, forwards 
and backwards, or, by a combination of these movements, circumducted on the 
wall of tlic chest. The muscles which raise the scapula are the upper fibres of the 
Trapezius, the Levator anguli scapul.'c, and the two Rhomboids ; those which 
depress it are the lower fibres of the Trapezius, the Pectoralis minor, and, 
through the clavicle, the Snbclavius. The scaj)ula is drawn ba^chvards by the 
lihoml)oi(ls and the middle and low'er fibres of the I’rapezius, and forivards by 
the Serratus inagnus ajid Pectoralis minor, assisted, when the arm is fixed, by 
the Pectoralis major. The molulity of the scapula is very considerable, and 
gniatly assists the movements of the arm at the shoulder- joint. Thus, in raising 
the arm from the side, the Deltoid and Supraspiiiatus can only lift it to a right 
angle with the trunk, the further el<‘vati m of the limb being effected by tlio 
Trapezius and Serratus magiius moving the scapula on the wrall of the chest. 
This mobility is of special importance in ankylosis of the shoulder-joint, the 
movements of this Imne compensating to a very gr(‘at ext(uit for the immobility 
of the joint. 

(hitlicart I has pointed out that in abducting tlui arm and raising it above 
th(‘. head, tlic scapula rotates throughout the whole rnoveimuit with the exception 
of a short space at the beginning and at the end ; that the humerus moves on 
the scapula not only wdiih^ passing from the hanging to the, horizontal position but 
also in travelling ii])\vards as it ap])roaches the vertical above ; that the clavicle 
moves not only during the second half of the movement but in tlie first as well, 
though to a less oxient— i.e. the scapula and clavicle are concerned in the first 
stfigc as w'cll as in the second ; and that the humerus is partly involved in the 
second as well as chiefly in the first. 

The intimate union of the tendons of the Siipi‘asi)inatus, Infraspinatus, T(‘rc8 
minor and Subscapularis muscles with the capsule, converts these muscles into 
elastic and spontaneously acting ligamcxits of the joint. It is regarded as being 
also intended to prevent the folds into which all portions of the capsule would 
alternately fall in the varying j)ositions of the joint from being driven between 
the bones by the pressure of the atmosphere. 

T1m‘ peculiar relations of the Biceps tendon to the shoulder-joint appear to 
subserv(! various purposes. In the first place, by its connection w'ith both the 
shoulder and elbow' the muscle harmonises the action of the two joints, and acts 
as an elastic ligament in all ])ositions, in the maimer previously discussed (see 
page .‘572). Next, it strengthejis the u])per part of the articular cavity, and prevents 
the head of the hum(*nis from being pressed uj) against th(‘, acromioi> process, 
when the Deltoid (iontracts; it thus fixes the heatl of the Inimorus as the centre of 
motion in the glenoid cavity. By its passage along tln^ bicipital groove it assists 
in rendering the head ot the liumerus st.eady in the various movements of tlie 
arm. When the arm is raised from the side it assists the Supra- and Infra-spinatus 
in rotating the head of the. humerus in the ghnioid cavity. It also holds the head 
of the bone firmly iu contact with the glenoid cavity, and prevents its slipping 
over its low'er edge, or being displaced by the action of the Ijatissimus dorsi and 
Pectoralis major, as in climbing and many other movements. 

Surface Form . — The direction and position of the shoulder- joint may be indicated by 
a line drawn from the middle of the eoraco-acromial ligament, in a curved direction, with 
its convexity imvards, to tlie innermost part of that portion of the head of the humerus 
which can be felt in the axilla when the arm is forcibly abducted from the side. When 
the arm hangs by the side, not more than one-third of the head of the bone is in contact 
with tho glenoid cavity, and tliree- quarters of its circumference is in front of a vertical 
line drawn from the anterior border of the aeromion process. 

Applied Anatomy . — Owing to the construction of the shoulder- joint and the freedom 
of movement which it enjoys, as well as in consequence of its exposed situation, it is more 

* Journ, of Aunt, and Phys. No. 1, 18(17, p. 85. 

t Ibid. vol. xviii. 1881 
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frequently dislocated than any other joint in the body. Dislocation occurs when the arm 
is abducted, and when, therefore, the head of the humerus presses against the lower and 
front part of the capsule, whicli is the thinnest and least supported part of the ligament. 
The rent in the capsule almost invariably takes place in this situation, and through it the 
head of the bone escapes, so that the dislocation in most instances is primarily avbglenoid. 
The head of the bone does not usually remain in this situation, between the tendons of the 
Subscapularis and the Triceps, but generally assumc's some other position, which varies 
according to the direction and amount of force producing the dislocation and the relative 
strength of the muscles in front of and behind the joint. As the muscles at the back are 
stronger than those in front, and cs])eciallv since the long head of the Triceps prevents the 
bone from passing backwards, dislocation forwards is much more common than backwards. 
The most frequent position vbich the head of the humerus ultimately assumes is on the 
front of the neck of the scapula, beneath the eoraooid }>rocoss, andlumce named subcoracoid. 


Fin. 452. — Ijcft el bow- joint, shouing 
anterior and internal ligaments. 


Fig. 453. — Left elbow- joint, showing 
posterior and external ligaments. 



4 Bk' \ Occasionally, in consequence probably of a 

' greater amount of force being brought to 

- v- \ bear on the lirnb, the liead is driven farther 

^ ^ inwards, and rests on tin; upper part of the 

front of the chest, beneath the clavicjle (sub- 
clavicular). Sometimes it remains in the jmsition in Avhich it w'as jirirnarily displaced, 
resting on tlie axillary border of the scapula (subglenoid), and rarely it passes back- 
wards and rtunains in tlu^ infias])inous fossa, bciU'atb the spine (subspinous). 

The shoiildci -joint may be the of any of those, inflammatory affections, either acute 
or chronic, which attack joints, though perhaps less frequently than some other articu- 
lations of equal si/e and importance. Aeulc sjTiovitis maj' r(*-sult from injury, rheumatism, 
or pya?mia, or may follow s(M*oiidarily on acute epiphysitis in infants. It is attended with 
effusion into the joint, and \\hc*n this occurs the capsule is (‘venly distended, and the 
<^ontour of the joint rounded. Sj^eeial i)rojeetions may oceur at the sites of the openings in 
the capsular ligament. Thus a svv(;lling may apj^ear just in front of the joint, internal to 
the lesser tuberosity, from effusion into the l)iirsa beneath the Suhscapularis ; or, again, 
a swelling which is sometimes bilobed may be seen in tlie interval between the Deltoid 
and Pectoralis major, from effusion into the diverticulum which runs down the bicipital 
groove with the tendon of the Bicejm. Tlie effusion into the synovial cavity can be best 
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ascertained by examination from the axilla, where a soft, elastic, fluctuating swelling can 
^ually be felt. In cases of septic synovitis, where incision is required, the opening should 
be made in front, over the most prominent point of the swelling. After the pus has 
been evacuated a counter-opening should be made behind, so iiis to ensure eflicient 
drainage. 

Tuberculous arthritis not infrequently attacks the shoulder-joint, and may lead to 
total dcstniction of the artiimlation, when ankylosis may result, or long-protracted 
suppuration may necessitate excision. This joint is also one of those which is most liable 
to be the seat of osteo-arthritis, and may also he affected in gout and rheumatism ; or in 
locomotor ataxy, wlien it becomes the scat of (.-harcot’s disease. 

Ankylosis is occasionally met with in the shoulder -joint as the result of destructive 
changes. The ankylosis usually takes place with the arm in a dependent position, and 
any attempt to laise the arm is attended by a rotation of the scapula on the well of the 
chest. 

Excision of the shoulder- joint may be recpiired in cases of arthritis (especially the 
luberculous form) which have gone on to destruction of the articulation ; in comjiound 
dislocations and fractures, jiarticularly those arising from gunshot injuries, in which there 
has been extensive injury to the head of the bom* ; in some cases of old unreduced disloca- 
tion, wdiere there is miKih pain ; and possibly in some few cases of growdh connected with 
till* upper end of the bone. The operation is best p(*rformcd by making an incision from 
the middle of the coraco-acromial ligament di wn the arm for about three inches: this 
will expose the bicipital groove containing the tendon of the. Thceps, which should be 
hooked out of the way. The capsule is freely pened, and the muscles attached to the 
greater and lesser tuberosities of the humerus are stripped off with the Ccajisule, without 
dividing their attachments to the latter. The head of the bone can then 1 m^ thrust out of 
the wound and saAvn off ; or divided with a narrow saw in situ and subsequently removed. 
The section should be made, if [lossible, just below the articular surface, so as to leave 
the bone as long as jiossihle. The glenoid cavity must then be examined, and gouged if 
carious. 

IV. EliBt)W-.jOiNT (AltTlcriiATK) crBTTIi 

Tlio elbotv-joiiit (ligs. 452, 453) is a giiiglymus or liing(‘-joiiil. The trocdilea 
of the Imiiierus is roooived into tlio grcatcj* sigmoid cavity of the ulna, so as 
to admit of the movements jx^euliar to this joint, viz. flexion and extension ; 
while tli(‘ capitellum of tin' humerus articulates with the cup-sliaped depression 
t)n th(‘ head of the radius. 'J’he articular surfaces are each covered with a thin 
layer of eartilaga', and (‘oiineeted together by a Capsular Ligament (capsula 
artieularis), wliieli is ospecially thiekiuied on its two sides, and, to a less extent, 
in front and behind. These thickened portions are usually described as distinct 
iiganu'iits under the following names : 

Anterior. iTiteriial Lateral. 

1 *osterioi-. External Lateral . 

The Anterior Lig^ament (fig. 452) is a broad and tliin fibrous layer, 
whiefi covers the anterior surface of the joint. It is attacdied to the front of 
th(‘ inti rnal epieondylc and to the front of tlie liumeTus immediately above 
the coronoid and radial fossa* ; below, to the anterior surface of the coronoid 
])joeess of the ulna and to the orbicular ligament (page 413), being continuous 
on either side with the lateral liganients. Its sujierficial fibres pass obliquely 
from tlu' iniK’i* condyle of the humerus outwards to the orbicular ligament. 
The middle fibres, vertical in direction, pass from the upper part' of the 
(‘oionoid depression and become partly blended with the preceding, but 
mainly inserted into the anterior surface of the coi’oiioid ju’oecss. The deep or 
transverse set int(*rseots these at right angles. T'his ligament, is in relation, 
in front, with the Braehialis anticus, except at its outermost part. 

The Posterior Lig^ament (fig. 453) is thin and membranous, and consists 
of transverse and obli(iun fibres. Above, it is attached to the humerus imme- 
<liately behind the capitelliim and close to the inner margin of the troehlear 
surface, to the lateral margins of tlie ol(*cranoii fossa, and to the back of the 
external condyle some little distance from ilic trochlear surface. B(‘h)w, it 
IS fixed to the uj^er and outer margins of the olecranon process, to the posterior 
part of the orbicular ligament, and to the ulna behind the lesser sigmoid 
cavity. The transverse fibres form a strong band which bridges across tJie 
olecranon fossa ; under cover of this band a pouch of synovial membrane 
and a pad of fat project into the upper part of the fossa wlien the joint is 
extended. In the fat 'are a few scattered fibrous bundles, which pass from 
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the deep aspect of the transverse band to tlie upper part of the fossa. This 
ligament is in relation, behind, with tbe tendon of the Triceps and the 
Anconeus. 

The Internal Lateral Ligament (lig. collater^g.^^giliiare) (fig. 452) is a 
thick triangular band consisting of two portions, an anterior and posterior, 
united by a thinner intermediate portion. The anterior portion, directed 
obliquely forwards, is attached, above, by its apex, to the front part of the 
internal epicondyle of the humerus ; and, below, by its broad base, to the 
inner margin of the coronoid process. TJie posterior portion, also of triangular 
form, is at tached, above, by its apex, to the lower and back part of the internal 
epicondyle ; below, to the inner margin of the olecranon. Between these 
two bands a few intermediate fibres descend from the internal epicondyle 
to blend with a transverse hand of ligamentous tissue which bridges across 
the notch between the olecranon and coronoid processes. Tliis ligament 

is in relation, int(‘rnally, 
Fig. 454. — Sagitlal section of right elbow- joint taken with the Triceps and Flexor 
somewhat obliquely and seen from the radial aspect. (*arpi ulnaris and the ulnar 

nerve, and gives origin to 
part of the Flexor su blinds 
digitorum. 

Tlie External Lateral 
Ligament (lig. cpllaterale 
radiale) (fig. 453) is a shr>ft 
and narrow fibrous band, 
less distinct than tlu' in- 
ternal, attached, above, to 
a depression below the ex- 
ternal epicondyle of the 
humerus ; below, to tbe 
orbicular ligament, some 
of its most posterior fibr<\s 
])assiiig over that ligament, 
to be inserted into tlie outer 
margin of the ulna. It is 
intimately blend<^d with th<^ 
tendon of origin of the. 
Supinator brevis. 

Tlie Synovial Mem- 
brane is very extensive. It 
extends from the margin of 
the articular surface of the* 
huriKrus, and lines the eoro- 
noid and olecranon fossa* on 
tliat bone ; it is reflected 
over the anterior, posterior, 
and lateral ligaments, and 
forms a poucli between the 
loss(*r sigmoid cavity, the 
internal surface of the orbicular ligament, and the circumference of the head 
of the radius. Projecting between the radius and ulna into the cavity is 
a cT-esct'ntic fold of synovial membrane, suggesting the division of the joint 
into tw’u : one the humero-radial, the other the huinero-ulnar. 

Betw'eeu the capsular ligament and the synovial membrane are three masses 
of fat. TIk^ larg<ist, over the olecranon fossa, is pressed into the fossa by the 
Tricej)S during flexion ; the second, ov<u- tlie coronoid fossa, and the tliird, 
over tlie radial fossa, are pressed into their respective fossae during extension. 

The Muscles in relation with the joint are, in front, the Brachialis aiiticus ; 
behind, the Triceps and Anconeus ; externally, the Supinatoi: brevis, and the 
common tendon of origin of the Extensor muscles ; internally, the common tendon 
of origin of the Flexor muscles, and the Flexor carpi ulnaris (fig. 454). 

The Arteries supplying the joint are derived from the anastomosis between 
the superior profunda, inferior profunda, and anastomotic branches of tho brachial, 
with the anterior, posterior, and interosseous recurrent branches of the ulnar, 


(After Braune.) 


Med Km tejdialir 



Head of radius 
Iladiol nerve 



ELBOW-JOINT 411 

and tJio recurrent branch of the radial. These vessels form a complete anas- 
tomotic chain around the joint. 

The Nerves of the joint are a twig from the ulnar, as it passes between the 
internal condyle and the olecranon ; a filament from the musculo-cutaneous, 
ajul two from the median. 

Movements. — The elbow-joint comprises three different portions, viz. the 
joint between the ulna and humerus, that between the head of the radius and the 
humerus, and the superior radio-ulnar articulation, described below. All these 
articular surfaces are enveloped by a common synovial membrane, and the move- 
ments of the whole joint sliould be studied togetlier. The combination of the 
movements of flexion and extension of the forearm with those of pronation and 
^ supination of the hand, which is ensured by the two being performed at the 
same, joint, is essential to the accuracy of the various minute movements of the 
hand. 

The poi-tion of the joint between the ulna and humerus is a simple hinge-joint, 
and allows of movements of flexion and extension only. Owing to the obliquity 
of the trochlear surface of the humeius, this movement does not take j)lace in the 
plane of the shaft of the humerus. When the forearm is extended and sujunated, 
tin* axes of the arm and forearm are not in the same line, the upper portion of 
tile limb forming an obtuse angle with the lower, the hand and forciarm being 
dir(‘ct(id outwards. During flexion, on the < ther hand, the forearm and the hand 
tend to approach the middle line of the body, and thus enable the hand to be 
(Easily carri(Hl to the face. The shape of the trochhjar surface of the humerus, 
with its prominences and depressions accurately ada])ted to the great sigmoid 
cavity, prevemts any lateral movement. Flexion is produced by the action of 
tin* liiceps and Bnicliialis anticus, assisted by the Brachio-radialis and the muscles 
arising from the internal condyh* of the humerus ; extension, by the Triceps and 
Anconeus, assisted hy the Extensors of the wrist, tin*. Extensor communis 
digitorum and the Extensor minimi digiti. 

I'he joint between the head of the radius and the capitellum or radial head of 
the Inimerus is an arthrodial joint. Tin* bony surfaces would of themselves 
constitute an eiiartlirosis and allow of movement in all directions, were it not for 
the orbicular ligament, by which the head of the radius is bound down firmly to 
the sigmoid cavity of the ulna, and which prevents any separation of the two 
bones laterally. It is to the same ligament that the head of the radius owes 
its security from dislocation, which would otherwise tend to occur, from the 
shallowness of the cup-like surface oji the head of the radius. In fact, but for 
this ligament, the tejidon of the Biceps would be liable to pull the head of the 
radius out of the joint.* Tin*, head of the radius is not in complete contact with 
tin? c.ipitelliim of the humerus in all j)osith»ns of the. joint. The capitellum occupies 
only the anterior and inferior surfaces of the low(‘r end of the humerus, so that 
in coinjflete extension a ])art of the radial head can be plainly felt projecting at 
the bacK of the articulation. In full flexion the movenn?iit of tin* radial head is 
hamper(*,d by the compression of the surr(»nnding soft parts, so that the freest 
rotatory inovement of the radius on the humerus ([H’onation and supination) takes 
])Iaec in semiflexion, in which ])ositi(>n the two articular surfaces are in freest and 
most intimate contact. Flexion find extension of the elbow-joint are limited by 
the tension of the structures on the front and back of the joint ; the limitation 
of flexion is also aidt;d by the .*,oft structures of tin* arm and forearm coming into 
contact. 

In any position of flexion or extension, the radius, carrying the hand with it, 
can be rotated in the upper radio-ulnar joint. The hand is directly articulated 
to the lower surface of the radius only, and the concave or sigmoid surface on the 
low(3r end of the radius travels round the lower end of the ulna. The latter bone 
is excluded from the wrist-joint by tlni interarticular fibro-cartilage. Thus, rota- 
tion of the head of the radius round an axis which passes through the centre 
of the radial head of the humerus imparts circular movement to the hand through 
a very considerable arc. 

Surface Form . — If the forearm be slightly flexed, a curved crease or fold with its' con- 
vexity downwards is seen in the front of the elbow, extending from one condyle to the other. 
The e(*ntre of this fold is some slight distance above the line of the joint. The position 


* Humpliry, op. cit. p. 4J!). 
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of the radio'humeral joint can be ascertained by feeling for a slight groove or depression 
between the head of the I’adius and the capitellum of the humerus at the back of the 
articulation. 

Apjilied Analnmy . — ^From the gi’cat brcarlth of the johit, and the manner in which 
the articular surfaces are interlocked, and also on account of the strong lateral ligaments 
and the support which the joint derives from the mass of muscles attached to eaesh condyle 
of the Inimorus, lateral displacement of the bones is very uncommon ; whereas antero- 
posterior dislocation, on accomit of tlie shtirtncss of the antoro-posterior diameter, the 
weakness of the anterior and posterior ligaments, and the want of support of muscles, 
occurs much more frequently. Dislocation backwards lakes place when the forearm is 
in a ])osition of extension, and forwards when in a position of flexion. For, in the 
extended position, the coroiioid process is not locked into the coronoid fossa, and loses 
its grip to a certain extent, whereas the olecranon process is in the olecranon fossa, and 
entirely previints displacement forwards. On the other hand, during flexion, the coronoid 
])roecss is in the coronoid fossa, and prevents dislocation bacikw’^ards, while the olecranon, 
having left the olecranon fossa, is not so efficient in preventing a forward displacement. 
Wlicn lateral dislocation does take jflaee it is generally incomplete. Dislocation of the 
elbow-joint is of common occurrence in children, far more common than dislo(ration of any 
oilier articulation. As a rule, in young iMjrsons. the application of any severe violence 
to a joint is more likely to })roduco a fracture of bone than (iisloeation. In lesions of this 
joint there is often \ (*rv great dilliculty in ascertaining the t'xaet nature of the injury. 

The elbow-joint is occasionally the seat of acute synovitis. The joiril-(^avity then 
becomes distended willi fluid, the bulging shoAving itself jAriiicipally around the olecranon 
j)ro(;eBs, that is to say, on its inner and oiit(M* sides and above, in c*oiisc(^uonce of the laxness 
of the posterior ligament. Again, thtTe is often some SAvelling just above the head of 
the radius, in the line of the radio -humeral joint, or the whole elbow may assume a fusiform 
appciarance. There is not generally much swelling at the front of the joint, though some- 
times de<ii)-seatcd fulness beneath tlie Brachialis anticus may be noWd. Whim suppuration 
occurs the abscess usually points at one or other border of the JViceps ; occasionally the 
j)us discharges itself in front, the insertion of the Bra(;liialis anticus. En cases 

of suppurative synovitis, incisions should be made into the joint on cither side of the 
olecranon, care being taken to avoid Avounding the ulnar nerve on the inner sidi*. (Mironic 
synovitis, usually of tuberculous origin, is of common occurrence in the elbow-joint : in 
such cases the forearm tends to assume the po.sitjoii cif scmitloxion, Avhh'h is that of 
greatest case and relaxation of ligaments. It should be borne in mind that if ankylosis 
oi’cur in this or the extended position, the limb Avill not be ncjarly so us» ful as if uukylosed 
ill a position of rather less than a right arigk*. The elbow-joint is also sometimes affected 
Avith osteo-arthritis, but less commonly tlian some of the larger joints. 

Excision of the elboAV is principally required for one of three (ionditions — viz. tiilier- 
culous arthritis, injury and its results, or faulty ankylosis — but may be lUHJCSsary for some 
other rarer conditions, such as disoiganising arthritis afltw ])ytemia and unreduced dis- 
locations. The results of the oj)cration are, as a rule, more favourable than those of excision 
of any other joint, and it is one, therefore, that the surgeon should never hesitate to 
perform, espcf'ially in any of the lirst three conditions meiit/ioned above. The operation 
is best pcrlorinod by a A^ertical inci.'^ion dowm the back of the joint ; a straight incision 
is made about four inches long, the mid-point of A^hicli is on a level Avith and a little to 
the inner sidi*, (»f the ti]) of the olecranon. This incision is made doAvn to the bone, 
through the siib.stance of the Tricej)s. The opcTator, guarding the soft parts Avith his 
thumb-nail, si-paratcs llnmi from the bone A\ith the ])oint of his knife. In doing this 
there arc two structur(*s A\liich he should carefully avoid ; the ulnar nerve, which lies 
parallt^l to his incision, but a little internal, as it courses dowm between the internal 
condyle and tins olecranon process ; and the prolongation of the Triceps into the dce]> 
fascia of the forearm OA^er the Anconeus. Having cleari;d the b()m;s and divided the lateral 
and posterior ligament.s, th(‘ forearm is strongly flcxt*d and the ends of the bones turned 
out and saAvji otf. 'Die turning out of the ends of the bones is rendered (‘asier by first cutting 
oil the oksTanon process willi a pair of cutting bone forceps. The section of the humerus 
should be through tlie basi; of the condyles, that of the ulna and radius should b(‘ just 
below the lo\el of tlie lesser sigmoid cavity of the ulna and the neck of the radius. In 
this operation the object is lo obtain such union as shall allow free motion of the bones 
of the Jorcarni ; and. therefore, passive moA^ements must be commenced early — that is to 
say, about the tenth day. It is most important to maintain the continuity of the Triceps 
Avith the d(H‘p fascia of the ierearm, so as t»» obtain good poAA'er of extension in the new’ 
joint. 


V. liATdO-UlA'AU AllTKTTLATTONS 

The articulation of the radius with the ulna is effected by ligaments, which 
cjonnect together both extremities os well as the shafts of these bones. The 
ligaments may, consequently, bo subdivided into three sets : 1 , those of the 
superior radio-ulnar articulation; 2, the middle radio-ulnar ligaments ; 3, those 
of the inferior radio-ulnar articulation. 
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1. Superior Radio-ulnar Articulation (Articulatio Radioulnabis 

Proximalis) 

This articulation is a trochoid -or pivot-joint between the circumference 
of the head of the radius and the ring formed by the lessor sigmoid cavity 
of the ulna and the annular or orbicular ligament. 

The Annular or Orbicular Ligament (lig. annulare radii) (fig. 455) 
is a strong band of fibres, which encircles the head of the radius, and retains 
it in contact with the lesser sigmoid cavity of the ulna. It forms about four- 
fiftiis of t)io ossco-fibrous ring, and is attached to thi‘. anterior and posterior 
margins of the lesser sigmoid cavity ; a few of its lower fibres are, however, 
continued round below the cavity and form at this level a complete fibrous 
ring. Its upper border blends with the anterior and posterior ligaments of 
the elbow, while from its lower border a thin loose membrane passes to be 
attached to the neck of the radius ; a tliickoned band w hich extends from 


Fifj. 455. — Orbicular ligament of radius, from above. Th*‘ head of the radius has 
been sawn off and the bone dis^Ddged from tl»e ligament. 


Ileatl of ratlin H Lignmentum Li renter sigmurJ 



Oh r ration {< at) 


the lower hoi-der of tin; orbicular ligament ImjIoav tlie lesser sigmoid cavity 
to tlie Jieck <)f the nidius is knowji as the UgamviUmn qiiadratum. The outer 
, surface of the orbicular ligament is strengthened by the external lateral 
ligament of the elbow, and affords origin to part of the Supinator brevis. 
Its inner surface is smooth, and lined by syn»)vial membrane, which is 
(H)ntinuous wdth that ot tli<^ elbow-joint. 

Movements. — The movements wliieh take place in this avticulation are limited 
I o rotatory movements of the head of the radius Avithin the ring formed by the 
orbicular ligament and the lesser sigmoid cavity of the ulna ; rotation foi’Avards 
being called pronation ; rotation backAvards, supination. Supination is performed 
by the Biceps and Supinator brevis, assisted to a slight extent by the Extensor 
muscles of the thumb, and, in certain positions, by the Brachio-radialis. Pronation 
is pm-formed by the Pronator tores and Pronator quadratus, assisted, in some 
positions, by the Brachio-radialis. 

Surface Form . — The position of the superior radio-ulnar joint is marked on the surface 
hy a dimple on the ba(^k of the elbow which indicates the position of the head of the radius. 

Applied ArMtomy . — Dislocation of the liead of the radius alone is a not uncommon 
accident, and occurs most frequently in young persons from falls on the hand when the 
forearm is extended and supinated, the head of the hone being displaced forward. It is 
attended by rupture of the orbieiilar ligament. Occasionally a peculiar injury, Avhich is 
supposed to be a subluxation, occurs in young children in Uhing them from the ground 
by the hand or forearm. It is believed that the head of the radiils is displaced downwards 
in the orbicular ligament, the ffpper border of which becomes folded over the head of the 
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radius, between it and the capitellum of the liunicru^. The forearm becomes fixed in a 
position of semifloxion, midway between supination and pronation, and great pain is 
ctimplained of upon any attempt to move the joint. It should be noted that the synovial 
membrane of the superior radio-ulnar joint is directly continuous with that of the elbow- 
>Jxfin t. a nd, therefore, any septic or tuberculous disease which affects tlie latter also involves 
the former joint. Tho ^iuperiov radio-ulnar joint, is always removed in an excision of the 
elbow (see j). 412). 

2. Middle Radio-ulnati Union 

The shafts of tlie radius and ulna are connected by the 

Oblique ligament and the Interosseous nionibrane. 

The Oblique Ligament (chorda obliqua) (fig. 45'2) is a small, flattened, 
fibrous band, which extends obliquely dowmwards and outwards, from tlie 
outer side of the tubercle of the ulna at the base of the eoronoid process to 
the radius a little below the bicipital tuberosity. Its fibres run in the opposite 
direction to those of the interosseous membrane ; and it appears to be placed 
as a substitute for it in the upper part of the interosseous interval. It is 
sometimes wanting. 

The Interosseous Membrane (membraiia interossea antibraehii) is a 
broad and thin plane of fibrous tissue descending obliquely downwards and 
inwards, from the interosseous ridge on the radius to that on the ulna : the 
lower part of the membrane is attached to the posterior of the two lines 
into which the inlerosseous ridge of the radius divides. It is defieienl 
above, commencing about an inch beneath the bicipital tuberosity of the 
radius ; is broader in the middle than at either extremity ; and presents 
an oval aperture just above its lower margin for tlie passage of the antcrioi* 
interosseous vessels to the back of tlie forearm. This ligament sei’V'cs to 
connect the bones, and to increase the extent of surface for the attaehnu'iit 
of tlie deep muscles. Rctween its upper boiTle?’ and tJie oblique ligament 
an interval exists, through which the* posterior interosseous vessels jiass. 
Two or three fibious bands are oe(‘asionally found on the posterioi* surface 
of tliis membrane; they descend obliquely from the ulna towards the radius, 
and have consequently a direction contrary to that of the otlier fibn*s. The 
membrane is in relation, in front, by its iqiper three-fourtlis, with tlie J'1i*xoi‘ 
loiigus pollieis on lh(» outer side, and with the Flexor jirofundus digitoriim on 
the inner, lying in the interval bid ween \^lli(’h are tlui anterior interosseous 
vcs.sels and ruu've ; liy its lower fourtli with the J^roiiator quadratus ; behind, 
with the Supinator brevis, Extensor ossis inetaearpi ])ollicis, Extensor bievis 
pollieis, Extensor longus pollieis, I^Ixtensor indicis ; and, near the wrist, witli 
the anterior interosse(3US artery and posterior interosseous nerve. 

3. Infekiou Radjo-ulnak Aktjculatjon (Akticcjlatio Radioulna K is 

Distalis) 

This is a pivot-joint formed lietvveen the. Ji(‘ad of the ulna and th(^ sigmoid 
cavity on the inner side of tJie lower end of the radius. The articular surfaces 
aie eonnoeted together by the following ligaments : 

Anterior Radio-ulnar. Posterior Radio-ulnar. 

Inlerarticular Fibro-cart ilage. 

Tlui Anterior Radio-ulnar Ligament (fig. 456) is a narrow band of 
libres (-ixl ending from tlie anterior margin of tlie sigmoid cavity of the radius 
to t]^(^ anleih)!' surfaet^ of th<? liead of the ulna. 

The Posterior Radio-ulnar Ligament (fig. 457) extends between corre- 
sponding surfaces on the posterior aspect of the articulation. 

The Interarticular Fibro-cartilage (discus artieuhiris) (fig. 459) is tri- 
angular in shape, and is yjlactKl transversely beneath the head of the ulna, 
binding the lower ends of the ulna and radius firmly togetlier. Its periphery 
is thicker than its centre, which is thin and occasionally yierforatcd. It is 
attached by its apex to a depression wdiich separates tiie styloid process of 
the ulna from the head of that bone ; and by its base, which is thin, to the 
prominent edge of tlie radius, which separates the sigmoid cavity from the 
carpal articular surface. Its margins are united to the ligaments of the 
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wrist- joint. Its up'per surface, smooth and concave, articulates with the 
head of the ulna, forming an arthrodial joint ; its mider surfaf;^, also concave 
and smooth, forms part of the wrist-joint and articulates with the cuneiform 
and inner part of the semilunar. Both surfaces are (ilothed by synovial 
membrane : the upper surface, by one peculiar to the radio-ulnar articulation ; 
the under surface, by the synovial membrane of the wrist. 

The Synovial Membrane (fig. 459) of this articulation has been called, 
from its extreme looseness, the mernbrami sacciformis ; it extends upwards 
between the radius and the ulna, forming here a v^ery loose cul-de-sac (I’ecessus 
sacciformis). The quantity of synovia which it contains is usually considerable. 

Movements. — Tlui movements in the inferior radio -uliiur articulation an' just the 
reverse of those in the su})crior radio-ulnar joint. They consist of movements of 
rotation of the lower end of the radius round an axis which passes through the 
centre of the head of the ulna. When the radius rotates forwards, pronation of 
tlie forearm and hand is the result ; and when backwards, supination. It will 
thus be seen that in pronation and supination of the forearm and hand the radius 
d(‘scrib(!s the segment of a con<^, the axis of whicli (‘xlends from the centre of the 
head of the radius to the middle of the head of the ulna. In this movement tin* 
h('ad of the ulna is mfb stationary, but de cribes a curve in a direction opposite? 
to that taken by the head of the radius. This, however, is not to be regarded as 
a rotation of the ulna — tin? curve which the head of this bone dc'seribes is due to a 
combined antero-posterior and lateral moV(?meut, the former taking place almost 
entirely at the elbow-joint, the latter at the shouldtu-joint. 

Surfncp Form. — Tlie ])osilion of tlie inferioi* radio-iilnsii* joint may be ascertaim^d by 
feeling for a slight groove at lheba(;k of the wrist, betw'(*(Mi the })rominent head of the ulna 
and the low'C'r endof the radius, when the forearm is in a state of almost (jomplcte ]>ronation. 

VT. llADJO-CAlir VL OJl WlliST JOINT ( ARTit'DLATlO UA DlOCARPKA ) 

The wrist -joint (figs. 450, 457) is a condyloid articulation. The parts 
entering into its formation are the lower end of the radius and under surface' 
of the intcrarticular fibro-cartilage al)ovc ; and tb<' sca])lioid, semilunar, and 

Fkj. 4.jG. -Ligam(*nts of wrist and hand. .Anterior view. 
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cuneiform bones below. The articular surface of the radius and tJio under 
surface of the inku'articular fibro-cartilage form togetlu'i* a transversely 
ellipti(*al concave surface, the receiving cavity. The articular sui'faces of 
the scaphoid, semilunar, and cuneiform present a smooth, convex surface, the 
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condyle, which is received into the concavity above mentioned. All tlie bony 
surfaces of the articulation are covered with cartilage, and connected together 
by a Capsule, strengthened by the following ligaments : 

Anterior. Internal lateral. 

Posterior. External lateral. 

The Anterior Ligament (lig. radiocarpeum volare) (fig. 456) is a broad 
membranous band, attached above to the anterior margin of the lower end of 
the radius, to its styloid process and to tlie front of the loAver end of the ulna ; 
its fibres pass downwards and inwards to be inserted into the palmar surfaces 
of the scaphoid, semilunar, and cuneiform, some of the fibres being continued 
to the os magnum. In addition to this broad membrane, there is a distinct 
rounded fasciculus, superficial to the rest, which passes from the base of tlie 
styloid process of the ulna to the semilunar and cuneiform. The ligament is 
perforated by numerous apertures for the passage of vessels, and is in relation, 
in front, with the tendons of the Flexor profundus digitorum and Flexor longus 
pollicis ; behind, it is closely adherent to the anterior border of the triangular 
fibro-cartilage of the inferior radio-ulnar articulation. 


FiCJ. 457. — Lijraineuts of wrist and hand. Posterior view. 
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'J'he Posterior Ligament (lig. radiocarjieum dorsale) (lig. 457), less thick 
and strong than the anterior, is attached, above, to the posterior border of 
the lower end of the radius ; its fibres pass obliquely downwards and inwards, 
to be attaclied to the dorsal surfaces of the scaphoid, semilunar, and cuneiform, 
being continuous witli those of the dorsal carpal ligaments. It is in relation, 
behind, with tlie Extensor tendons of the fingers ; in front, it is blended with 
the triangulai’ fibro-cartilage. 

Th<‘ Internal Lateral Ligament (lig. collaterale carpi ulnare) (fig. 456) is 
a round(‘d cord, attached above to the extremity of the styloid process of 
the ulna, and dividing below into two fasciculi, one of which is attached 
to the inner side of tlie cuneiform, the other to the pisiform and annular 
ligament. 

The External Lateral Ligament (lig. collaterale carpi radiale) (fig. 456) 
extends from the summit of the styloid proccjss of the radius to the outer 
side of the scaphoid, some of its fibres being prolonged to the trapezium and 
annular ligament. It has in relation with it the radial artery, which separates 
the ligament from the tendons of the Extensor ossis metacarpi and Extensor 
brevis pollicis. 
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Fig. 458. — Longitudinal section of 
the right forearm, hand, and 
third finger, viewed from the 
ulnar aspect. (After Braune.) 


The Synovial Membrane (fig. 469) fines the inner surfaces of the ligaments 
above described, extending from the lower end of the radius and interarticular 
fibro-cartilage above to the articular surfaces of the carpal bones below. It is 
loose and lax, and presents numerous folds, especially behind. 

The wrist-joint is covered in front by the Flexor, and behind by the Extensor 
tendons ; it is also in relation with the radial and ulnar arteries. 

The Arteries supplying the joint are the 
anterior and posterior carpal branches of the 
radial and ulnar, the anterior and posterior 
interosseous, and some ascending branches 
from the deep palmar arch. 

The Nerves are dcirived from the ulnar and 
posterior interosseous. 

Movements. — The movements permitted in 
this joint are llexioji, extension, abduction, 
adduction, and circumduction. They will be 
studied with those of the carpus, with which 
they are combined. 

Surface Farm .. — On the fn)nt of the wrist three 
transverse furrows may bt? generally seen ; fl.e 
upi)ermost is on a level with the styloid process of 
the ulna ; the middle corresponds fairly accurately 
with the wTist- joint ; and the lowest indicatt's the 
position of the mid-carpal articulation. 

Applied Anattrmy . — The >\Tist- joint is rarely 
dislocated, its strength depending mainly u])on the 
numerous strong tendons which surround the 
articulation. Its siumrity is further provided for 
by the number of small bones of which the carpus 
is made up, and which arc united by very strong 
ligaments. The slight movements which take 
place betw'een the several bonef serve to break 
the jars that nwult from falls or blows on the 
hand. Dislocation backwards, which is the more 
common, simulatc^s 1(» a considerable extent (\)lles’s 
fracturti of the radius, and is liable to bo mistaken 
for it. ^riie differential diagnosis can be easily 
made by observing the relative positions of the 
styloid processes of the radius and the ulna. In 
the natural condition the styloid process of the 
radius is on a lower level, i.c. nearer the ground, 
when the arm hangs by the side?, than that of the 
ulna, and this relationshij) is not disturbed in dis- 
location. In (\>lleH’s fracture, on the other hand, 

" ne styloid process of the radius is on the same, o’* 
even a liigher level than that of the ulna. 

• The wrist-joint is occasionally the scat of acutt^ 
synovitis. When the synovial sac is distended 
with fluid, the swelling is greatest on the dorsal 
aspect of the wrist, showing a gejieral fulness, with 
some bulging between the tendons. The in- 
flammation is prone to extend t(; the intcrcarjnil 
joints and to attack also the sheaths of the 
tendons in the neighbourhood. Chronic in- 
flammation of the wrist is g(*nerally tuberculous. 

and often loads to similar disease in the synovial sheaths of adjacent tendons and of the 
intcrcarpal joints. The disease, therefore, when progressive, frequently leads to caries 
of the carpal bones, and the result is often an ankjdosis. A free incision of the joint by a 
straight posterior cut leads, in some cases, to most satisfactory results. 



VII. CAKPAL AimCULATlONS (AllTICULATlONES INTERCARPE.®) 

These articulations may bo subdivided into three si3ts : 

1. The Articulations of the First Row of Carpal Bones. 

2. The Articulations of the Second Row of Carpal Bones. 

3. The Articulations of the Two Rows with eacli other. 
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1. Articulations of the First or Proximal Row op Carpal Bones 

These are arthrodial joints. The ligaments connecting the scaplioid, 
semilunar, and cuneiform are : 

Dorsal, Palmar, and two Interosseous. 

The Dorsal Ligaments, two in number, are placed transversely behind 
the bones of the first row ; they coimect the scaphoid and semilunar, and 
the semilunar and cuneiform. 

The Palmar Ligaments, also two, connect the scaphoid and semilunar, 
and the semilunar and cuneiform ; they are less strong than the dorsal, and 
placed very deeply bi'low the Flexor tendons and the anterior ligament of 
the wrist. 

The Interosseous Ligaments (fig. 456) are two narrow bundles of fibrous 
tissue, one connecting the semilunar with the scaphoid, the other joining it to 
the cuneiform. They are on a level with the supc^rior surfaces of these bones, 
and their upper surfaces are smooth, and form part of the convex articular 
surface of the wrist-joint. 

The ligaments connecting tlu^ pisiform bone are — 

Capsular. Two Palmar. 

The Capsular Ligament is a thin membrane whieh connects the pisiform 
to the cuneiform. It is lined with a st^paraie synovial membrane. 

The two Palmar Ligaments are strong fibrous bands; one, the piao- 
miciform ligament (lig. pisohamatum), connects the pisiform to tho unciform, 
the other, the jnso-niftacarpal ligament (lig. pisometacarpeum), joins the pisiform 
to the fiftli metaoari)a] bone (fig. 456). These ligaments arc, in reality, 
prolongations of the tendon of the Flexor carpi ulnaris. 

2. Articulations of the Second or Distal Row of Carpal Bones 

These also are arthrodial joints. Th(5 articular surfaces are covered with 
cartilage, and connected by the following ligaments : 

Dorsal, Palmar, and three Interosseous. 

The Dorsal Ligaments, tliree in number, extend transversely from one 
bone to another ori the dorsal surface, (jonnecting the trapezium with the 
trapc‘.zoid, the trax)ezoid with the os magnum, and the os magnum with the 
unciform. 

The Palmar Ligaments, also tliree, have a similar arrangement on tho 
palmar surface. 

Tho three Interosseous Ligaments, much thicker than those of the first 
row, are placed one between the os iriagriurn and the unciform, a second 
between the os magnum and the trajjczoid, and a third between the trapezium 
and trapezoid. The first of these is much the strongest, and tho third is some- 
times wanting. 

Jl. Articulattons of ttif Two Rows of Carpal Bonks with each other 

Th(‘ joint between the scaphoid, semilunar, and cuneiform on the one 
hand, and the second ? ow of <;arpal bones on the other, is named the mid-cmpal 
joint, and is made up of three* distinct portions : in the centre the head of the 
os magmim and the superior surface of the unciform articulate with the deep 
cup-.sliap(*(l cavity formed by the scajihoid and semilunar, and constitute a 
sort of ball-and-sockct joint. On the outer side the trapezium and trapezoid 
articulate willi tJie scai>hoid, and on the inner side the urujiform articulates 
with the cunc/il’orm, forming gliding joints. 

The ligaments arc : 

Anterior or Palniai’. Internal Lateral. 

Posterior or Dorsal. External Lateral. 

The Anterior or Palmar Ligament consists of short fibres, which pass, 
for the most part, from the palmar surfaces of the bones of the first row to 
the front of the os magnnm. 
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The Posterior or Dorsal Ligament consists of short, irregular bundles 
of fibres passing between the bones of the first and second rows on the dorsal 
surface of the carpus. 

The Lateral Ligaments are veiy short : one is placed on the radial, the 
other on the ulnar side of tlu^ carpus ; tlie former, the stronger and more 
distinct, connects tlie scaphoid and trapezium, the latter the cuneiform 
and unciform ; they are continuous witli the lateral ligaments of the wrist- 
joint. In addition to these ligaments, a slender iriteross(H)us band sometimes 
connects the os magnum and the scai>hoid. 

The Synovial Membrane of the Carpus is very extensive (fig. 459) ; 
it passes from the margins of the under surfaces of the scaplioid, semilunar, 
and cuneiform bonces to the margins of tlie U])per surfaces of the bones of the 
second row. It sends two prolongations uiiwai-ds — between the scaphoid and 
semilunar, and the semilunar and cuneiform and tlirtio prolongations down- 
wards bet\i cen the four bones of the second ro\\\ The prolongation between 
th(^ trapezium and tra})ezoid, or thcat between the trapezoid and os magnum, 
is often continued onwards, owing to the absence of the interosseous ligament, 
into the earpo-metaearpal 

joints, sometimes of the 45 «j — \ertical section tlirough the articulations 

foiii* inner metacar] lal bonces, at the wrist, showing the live synovial membranes, 
sonu^times of the s(»cond and 
third only. In tln^ latter 
(jondition tlie joint betw(‘cji 
the unciform and the fourth 
and fifth metacarp.al bones 
lias a separate synovial mtun- 
branc. The synovial mem- 
bra ncs of these joints are 
prolonged for a short distanci^ 
betweiMi the inetacai’pal 
bones. TJiere is a sejiarate 
synovial membraiKi between 
the pisiform and cunei- 
form. 

Movements.-- The, articu- 
lation of the hand and wrist 
considered as a whole involves 
four articular surfaces : (a) t he 
inferior surfaces of the radius 
and triangular libro-cartilage ; 

(6) the superior surfaces of 
the scaphoid, semilunar, and 
• aiieiforia, the pisiform having 
no essential part in the move- 
ment of the hand ; (c) the 
S-shaped surface formed by 
the inferior surfaces of the scaphoid, semilunar, and cuneiform ; (r/) the reciprocal 
surface formed by the trapezium, trapezoid, os magiium, and unciform. These 
four surfaces form two joints : (1) the superior or wrist-joint proper ; and (2) the 
inferior or mid-carpal joint. 

(1) The articulation between the forearm and carjius is n true condyloid articula- 
tion, and therefore all movements but rotation are permitted. Flexion and exten- 
sion are the most free, and of these a greater amount of extension than of 
flexion is permitted since tlie articulating surfaces extend farther on the 
dorsal than on the palmar surfaces of the carpal bones. In this movement the 
carpal bones rotate on a transverse axis drawn between the tips of the styloid 
processes of tlie radius and ulna. A certain amount of adduction (or ulnar flexion) 
and abduction (or radial flexion) is also permitted. The former is considerably 
greater in extent than the latt(‘,r on account of the shortm^ss of the styloid 
process of the ulna, abduction being soon limited by the contact of the styloid 
process of the radius with the trapezium. In this movement the carpus revolves 
upon an antero-posterior axis drawn through the centre of the wrist. Finally, 
circumduction is permitted by the combined and consecutive movements of 
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adduction, extension, abduction, and flexion. No rotation is possible, but the 
(‘ffect of rotation is obtained by the supination and pronation of the radius on 
the ulna. The movement of flexion is performed by the Flexor carpi radialis, 
the Flexor carpi ulnaris, and the Palmaris lonpjus ; extension by the Extensores 
carpi radialis loiigior et brevior and the Extensor carpi uhiaris ; adduction (ulnar 
flexion), by the Flexor carpi ulnaris and the Extensor carjii idnaris ; and 
abduction (radial flexion) by the Extensors of the thumb, and the Extensores carpi 
radialis longior et brevior and the Flexor carpi radialis. When the fingers are 
exteiidcnl, flexion of the wrist is performed by the Flcxores carpi radialis et ulnaris 
and extension by the Extensor communis digitoruni. When the fingers are 
flexed, flexion of the wrist is performed by the Flexorcs sublimis et profundus 
digitoruni, and extension by tlie Extensores carpi radiales et ulnaris. 

(2) The chief movements permitted in the transverse or mid-carpal joint are 
flexion and extension and a slight amount of rotation. In flexion and extension, 
which are the movements most freely enjoyed, the trapezium and trapezoid on the 
radial side and the unciform on the ulnar side glide forwards and backwards on 
the scaphoid and cuneiform respectively, while the head of the os magnum and 
the superior surface of the unciforin rotate in the cup-shap(‘,d cavity of the scaphoid 
and semilunar. Flexion at this joint is freer than extension. A very trifling 
amount of rotation is also permitted, the head of the os magnum rotating round 
a vertical axis drawm through its owm centre, while at the same time a slight gliding 
movement takes place in the lateral portions of the joint. 

Vlll. CAUPO-METACAUrAL AUTICULATIONS (AUTrCrn.ATIONKS CAKPOMETACAUPEA^:) 

1. Articulation of the METACAUPAii Bone of the TiruMn w^ith the 
T nAFEZIPM (AimCTTLATIO CaRPOMETACA RJ>EA PoLLICJS) 

This is a joint of recipi’oeal rc(‘cplion, and enjoys great fretdom of movement 
on account of the configuration of its articular surfaces, which are saddle- 
shaj)od, so lliat, on se(dion, (dther in the long axis oi* at right angles to it, 
one bone aiipears to be received into a eavity in tlie other. TJie joint is 
surrounded by a capsular ligament. 

'I'lie Capsular Ligament (cayisula articularis) is thick but loose, and 
passes from the circumferenee of Ihe upper extremity of 1h(‘ nndaearpal 
bon(‘ to the rough edg(‘ bounding the articular surface of the traiioziuni ; 
it is thichest externally and beliind, and lined by a separate synovial 
membrane. 

Movements. — Tn the articulation ef the metacarpal bone ol the thumb with 
the trapezium the movcmients permitted arc flexion and extension in the 
plane of the palm of the hand, abduction and adduction in a plane at right 
angles to th(' palm, circumduction, and opposition. It is f>y the movement of 
o])position that the tip of the thumb is brought into contact with the palmar 
surfaces of the slightly flexed fingers. This movement is effected through the 
medium of a small slojiing facet on the anterior lip of th(i saddle-shaped articular 
surface of the trapezium. The Flexor muscles pull the corresponding part of 
the articular surface of the metacarpal bone on to this facet, and the, movement 
of oj)position is then carried out by the Adductors. 

Flexion of this carpo-motacarpal joint is produced by the Flexorcs longus et 
bievis ])ollicis assisted by the Opponens ])ollicis and the Adductores trails versus 
et obli(|uus pollicis. Extension is eflocted mainly by the Extensor ossis metacarpi 
pollicis, a^si^ied by the Extciiisorc^s longus et brevis pollicis. Adduction is carried 
out l)\ t be two Adductors; abduction mainly by the Abductor jmllicis, assisted 
by the Kxtensors. 

2. Articulations of tih: roi r Inner Metacarpal Bones with the C^\rpus 

Tfie joints formed ladween the carpus and the four inner metacarpal 
bones ai*e arthn>dial joints. The ligaments are : 

Dorsal, Palmar, and Interosseous. 

The Dorsal Ligaments, the strongest and most distinct, connect the 
carpal and metacarpal bones on tbeir dorsal surfaces. The second meta- 
carpal bone receives Iw^o fasciculi, one from the trapezium, the other from 
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the tra.pezoid ; tJie third metacarpal re(icives two, one from the trapezoid, 
and one fi*om tlie os mfignum ; the fourtli two, one from tlie os magnum, 
and one from the unciform ; the fifth receives a single fasciculus from the 
unciform, and tius is continuous with a similar ligament on the palmar 
surfac^e, forming an incomplete capsule. 

The Palmar Ligaments have a somewhat similar arrangement on the 
palmar jsurface, with the exception of those of the tliird metacarpal, w hich are 
three in number, an external one from the trapezium, situated above the 
sh(^ath of tlK', tendon of the Flexor (^arpi radialis ; a middle one from the os 
magnum ; and an internal one from the unciform. 

The Interosseous Ligaments consist of short, thick fibres, which are 
limited to one part of the carpo- metacarpal articulation ; they connect 
the contiguous inferior 

angles of the os magnunr 460.— Articulations of the phalanges, 

and uncifoi-m with the 
adjacent surfaces of the 
third and fourth meta- 
carjral bones. 

The Synovial Mem- 
brane is frequently a 
continuation of that 
between tlie tw^o row’s 
of carfial bones. Ucca- 
sionally, tlui articulation 
of the unciform with the 
fourth and fifth meta- 
carpal bones has a s(‘j)a- I 

rate synovial imunbrane. j 

The synovial mem- 
branes of the wrist, and [ 

carpus (tig. 459) are thus 
se<‘n to be five* in nunrh(*r‘. ] 

Th(‘ first, th(‘ irumbrana 
sacciformis, }msses from ; 

the lower end of the ulna . 

to the sigmoid (tavity of ‘ 

the I’adiiis, and lines the : 

up()cr sur’face of the j 

int<*rarti(ailar fibro-carti- ^ 

lag(\ The second passes 
from the loAvcr (uid of 
the radius rind inter- 
articulai fiI)i’o-cartilag(; 
above, to the bones of 
the fir’st row’ below'. The 
third, the most extensivi*, 
passes betw'cen the con- 
tiguous margins of the 
tw'o rows of carpal bones, 
and sometimes, in the 
event of one of the inter- 
osseous ligaments being absent, between the bones of the second r’ow' 
to the carpal extremities of the four inner metacarpal bones. The fourth, 
from tlie margin of the ti’apezium to the metacar])al bone of the thumb. 
The fifth, between the adjacent margins of the cuneiform and pisiform 
bones. Occasionally the eaipo-metacarpal joints have a separate synovial 
niembrane (sec page 419). 

Movements. — I’he movements permitted in the caipo-metacarpal articulations 
ot the fingers are limited to slight gliding of the articular surfaces upon each 
other, the extent of w’hich varies in the different joints. Thus the articulation 
of the metacarpal bone of the little finger is most movable, then that of the 
ring-finger; the metacarpal bones of the index and middle fingers are almost 
immovable. 
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Fkj. 461. — Lateral view of metacarpo- 
phalangeal and intorf)halangcal joints. 
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IX. TISTTEHMETACARPAL ARTICULATIONS (ARTICULATIONES INTERMETACARPE.E) 

The carpal extremities of the four inner metacarpal bones articulate with 
one another by small surfaces covered with cartilage, and connected together 
by dorsal, palmar, and interosseous ligaments. 

The Dorsal and Palmar Ligaments pass transversely from one bone to 
another on the dorsal and palmar surfaces. The Interosseous Ligaments 
pass bet\Aeen their contiguous surfaces, just beneath their lateral articular 
facets. 

The Synovial Membrane between the lateral facets is a reflection from 
that between the two rows of carpal bones. 

The Transverse Metacarpal Ligament (fig. 460) is a narrow fibj ousband, 

which passes transversely across the 
anterior surfaces of tlie digital extremities 
of the four inner metacarpal bones, con- 
necting them together. It is blended 
anteriorly with the anterior (glenoid) 
ligaments of th(^ metacarpo-phalangeal 
articulations. To its posterior border is 
connected the fascia which covcj's the 
Interosseous muscles. Its anterior surface 
is concave w here the Flexor tendons pass 
over it. Behind it the tendons of the 
Tnterossci pass to their insertions. 

X. METACAltPO PlfALANdEAL AHTlCUliA 
TIOXS (AllTlCniiATTONES METACAKPO- 

phalancje;!':) (figs. 4(io, 4 (ji) 

These articulations are of the con- 
dyloid kind, formed by the reception of 
the rounded heads of the metacarpal bon(‘s 
into shallow eax ities in Uie extremities of 
the first phalanges, with the exception of 
that of tlu‘ thumb, wliich presents more 
of the characters of a giiiglymoid joint. 
The ligaments are — 

Latrni/ Anterior and Two Lateral. 

lujdinruf 

The Anterior Ligaments {(Jlviwid 
Ligaments oi (.’ruvcilhicr) an; thick, dense, 
fibro-cartilaginous structures, placed upo!i 
the palmar surfaces of llio joints in the 
intervals between the lateral ligaments, 
to whi(*h tliey are connecttHl ; they are 
loosely united to the rnetacariail bones, 
but are very firmly attaclicd to the bases 
of th(^ first phalanges. Their palmar 
surfaces are intimately blended with th(‘ 
transverse metacar[»al ligament, and j)roscnt grooves for the i)assage of the 
l^xor tendons, the sheaths surrounding which are connected to the sides 
of the gr(jo\’cs. By tlicir deep surfaces, they form part of the articular 
facets for the heads of the metacarpal bones, and are lined by synovial 
membranes. 

The Lateral Ligaments (ligg. oollateralia) are strong, rounded cords, 
placed on tlu*- sides of t he joints ; eaeli is attached by orui extremity to 
the posterior tiib(*rclc and adjacent depression on the side of the head of 
the metacarpal bone, and by tlie other to the contiguous extremity of the 
phalanx. 

Kovements. — The movements which occur in these joints are flexion, exten- 
sion, adduction, abduction, and circumduction ; the movements of abduction 
and adduction are very limited, and cannot be performed when the fingers are 
flexed. 


Wrd phahni r 



phnlnh.!'. 


Tjdtnal 

ligantpnf 
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XI. INTERPHALANGEAL ARTICULATIONS (ARTICULATION ES DIGITORUM 

MANUS) 

These are hinge joints. The ligaments are : 

Anterior. Two Lateral. 

The arrangement of th(>!se ligaments is similar to those in the metacarpo- 
phalangeal articulations. Tlie Extensor tendon supplies the place of a posterior 
ligament. 

Movements. — The only movements permitted in the phalangeal joints are flexion 
and extension ; these movements are more extensive between the first and second 
phalanges than between the second and third. The amount of flexion is very 
considerable, but extension is limited by the anterior and lateral ligaments. 

Muscles Acting on the Joints of the Digits 

Flexion of the metacarpo-phalangeal joints of the fhigers is effected by the 
Flexores sublimis et profundus digitoriim, Lumbricales, and Interossei, assisted 
in the case of the little finger by the Flex(>r brevis iriinimi digiti. Extension of 
these joints is produced by the Extensor communis digitorum, Extensor indicis 
and Extensor minimi digiti. 

Flexion of the interphalangeal joints of the fingers is accomplished by the 
Flexor profundus digitorum acting on the first and second joints and by the Flexor 
sublimis digiionim acting on the first joints. Extension is effected mainly by the 
Lumbricales and Interossei, the long Extensors having little or no action upon 
these joints. 

hlexion of the metacarpo-phalangeal joint of the thumb is effected by the 
Flexores longus et brevis pollicia : extension by the Extensores longus et brevis 
pollicis. Flexion of the interphalangeal joint is accomplished by the Flexor longus 
pollicis and extension by the Extensor longus pollicis. 

Siu'facc Form . — The prominences of the knuckles do not correspond to the position of 
the joints either of the motaearpo-phalangoal or interphalangeal articulations. These 
prominences are invariably formed by the distal ends of the proximal bone of each joint, 
and the line indicating the position of the joint must be sought considerably in front of 
the middle of the knuckle. 


ARTICULATIONS OF THE LOWER EXTREMITY 


J’lie articulations of the Lower Ext remity comprise the following ; 


I. Hip. 

IT. Knee. 

III. Tibio-fibular. 
TV. Ankle. 


V. Inlertarsal. 

VI . Ta rso- j net atarsal. 

Vll. Interrnelatarsal. 

Vlll. Metatarso-phalangeal. 

IX. Interphalangeal. 


T. Hir-JOINT (AKTICULATIO COX.K) 

Ihis articulation is an enarthrodial, or ball-and-socket joint, formed by 
the reception of the head oi the femur into the cup-shaped cavity of the 
acetabulum. I'lie articular cartilage on the head of the femur, thicker at 
the centre than at the circumference, covers the entire surface with the 
exception of the depression just below its centre for the ligamentum teres ; 
that covering the acetabulum is much thinner at the centre than at the 
circumference, and forms an incomplete cartilaginous ring, of a horse-shoe 
shape, being deficient below, where there is a circular depression, occupied 
m the recent state by a mass of fat, covered by synovial membrane. The 
ligaments of the joint are : 

Capsular. Teres, 

llio-fomoral. Cotyloid. 

Transverse. 

ihe Capsul^ Ligament (capsula artieularis), strong and dense, embraces 
e margin of the acetabulum above, and surrounds the neck of the femur 
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below. Its upper circumference is attached to tlie rim of the acetabulum, 
two or three lines external to the cotyloid ligament, above and behind ; but in 
front, it is attached to the outer margin of the ligament, and, opposite to the 
notch w^here the margin of the cavity is deficient, it is connected to the trans- 
verse ligament, and by a few fibres to the edge of the obturator foramen. Its 
loiver circumference surrounds the neck of the femur, being attached, in front, 
to the spiral or anterior intertrochanteric line ; above, to the base of the neck ; 
behind, to the neck, about half an inch above tlic posterior intertrochanteric 
line ; below, to the lowei* part of the n(H*k, close to the lesser trochanter. From 
this insertion some of the fibres are rell<^cted upwards along the neck as longi- 
tudinal bands, termed reli macula. The capsule is much thicker at the upper 
and fore part of the joint, where the greatest amount of resistance is required, 
than below and internally, where it is thin, loose, and longer than in any other 
part. It consists of two sets of fibres, circular and longitudinal. The circular 


Fifl. 462. — Right hip- joint from the front. (Rpaltoholz.) 



fibres ( 20 /?^/ orhicidaris) aK* most abundant at the lower and back part of the 
capsule, and form a sling (jr collar around the ne(;k of th(‘ ftunur. Anteriorly 
they bh ‘lid with tlic deep siwface of the ilio- femoral ligament, and through its 
medium reach the anterior inferior spine of the ilium. The longitudinal fibres 
aie greatest in amount at the upjKir and front part of the cajisule, where they 
are remfoiced by distinct bands, or accessory ligam(‘nts, of w'hich the most 
important is tlic ilia- femoral (lig. iliofcmorale). The oth(‘r acci^ssory bands are 
known as tlic puho femoral (lig. pubocapsulare), passing from the iho-pectineal 
eminence and obturator crest to the front- of tbe capsule, wlu're some of its 
fibres blend with the lower segment of the ilio-fcmoral ligament ; and the ischio- 
capsular (lig. ischiocapsulare), passing from the ischium, just below the aceta- 
bulum, to blend with the circular fibres at the lower part of the joint. The 
external surface (fig. 442, page 393) is rough, covered by numerous muscles, 
and separated in front from the Psoas and Iliacus by a synovial bursa, which 
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not infrequently communicates by a circular aperture >\'ith the cavity of the 
joint. It differs from the capsular ligament of the shoulder in being mucli less 
loose and lax, and in not being yierf orated for the passage of a tendon. 

The Ilio-femoral Lig’ament (figs. 462 and 467) is a band of great strength 
which lies in front of the joint ; it is intimately connected witli the capsular 
ligament, and serves to strengthen it in this situation. It is attached, above, 
to the lower part of the anterior inferior spine of the ilium ; and, dividing 
below, forms two bands, of which one passes downwards to bo inserted into 
the lower part of the anterioi* intertrochanteric line ; the other passes down- 
wards and outwards to be inserted into the upper part of the same line. 
Between the two bands is a thinner part of the capsule. In some joints tliere 
is no division, and tlie ligament spreads out into a fiat triangular band which 
is attached below into the whole length of the anterior intertrocliant(u-ic line. 
Til is ligament is frequently called the Y-shfiped ligament of Bigelow ; and 
the outer or upjier of the two bands is sonietiuK^s described as a separate 
ligament, under the name of the ilio-trocha uteri e ligament. 

Fig. 403. — Left hip- joint laid open. 





The Lig’amentum Teres (lig. teres femoris) is a triangular, somewhat 
flattened band imphuited by its apex into the dejiression a little behind and 
below the centre of the head of the femur : its base is attached by three bands, 
one into either side of the cotyloid notch, where they bJiuid with the trims verse 
ligament, and the third into the surface of the bone outside the nott*h. It 
is formed of eonnetdive tissue, surrounded by a tubular sheath of synovial 
membrane. Occasionally only the synovial fold exists, or the ligament may 
be faltogether absent. The ligament is made tense when the hip is semifiexed, 
and the limb then adducted or rotated outwards ; it is, on the other hand, 
relaxed when the limb is abducted. It has, however, but little influence as a 
ligament, though it may to a c;ertaiii extent limit movement. 

The Cotyloid Ligament (labrum glcnoidale) is a fibro-cartilaginous rim 
attached to the margin of the acetabulum, the cavity of whi(*h it deepens ; 
at the same time it protects the edge of the bone, and fills up the inequalities 
on its surface. It bridges over the notch as the transverse ligament^ and thus 
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forms a complete circle, which closely surrounds the head of the femur and 
assists in holding it in its place. It is triangular on section, its base being 
attached to the margin of the acetabulum, and its opposite edge being free and 
sharp. Its two surfaces arc invested by s 5 movial membrane, the external one 
being in contact Avith the capsular ligament, t)H5 internal one being inclined 
inwards so as to narrow the acetabulum, and embrace the cartilaginous 
surface of the head of the femur. It is much thicker above and behind than 
below and in front, and consists of close compact fibres, which arise from 
different points of the circumference of the acetabulujn, and interlace with 
each other at very atnite angles. 

The Transverse Lig’ament (lig. transvorsum ac(^tabuli) is in reality a 
portion of the cotyloid ligament, though differing fiom it in having no cartilage 
cells among its fibres. It consists of strong, flattened fibres, which cross the 
notch at the lower jiart of the acetabulum, and convert it into a foramen. 
Thus an interval is left beneath the ligament for th(^ passage of nutrient 
vessels to the joint. 

The Synovial Membrane is very extensive. Commencing at the margin 
of the cartilaginous surface of the head of the femur, it covers all that portion 

of the neck which is con- 

Ftg. 464. — Vertical section through hip-joint. tained w ithin tlm joint ; from 

(Honlc.) the neck it is reflected on the 

^ internal surface of the cap- 

liertusviusrU sulai* ligamciit, covers both 

J surfaces of the cotyloid liga- 

^Mj ' merit and the mass of fat con- 

Coiyloid hgavimt \ taincd ill tho depression at the 

bottom of the acetabulum, 
and is prolonged in the form 
of a tubular sheath around 
the ligamentum teres as far 
as the head of the femur. 

I It sometimes communicates 

thr ough a hole in the capsular 
ligament between the imier 
band of the Y-shaped liga- 
ment and tho i)ubo-ft‘ moral 
Luf. tc ligament with a bursa sit uated 
on the under surface of the 
Ilio-psoas. 

1’he Mmcles in relation with 
^ the joint are, in front, the Psoas 

and lliacus, separated from the 
capsiihir ligament by a synovial 
bursa ; above, the reflected 
Ohlurntor menihram lioad of ilic Rectiis and Glutcus 

iriiniinus, the latter Ireiiig closely 
adherent to the capsule ; internally, the Obturator exteriius and Pectineus ; 
behind, the Pyriformis, Gomelliis superior, Obturator intermis. Gemellus inferior, 
01)turatoi* extern us, and Quadratus femoris (iig. 465). 

The Arteries supplying the joint are derived from tire obturator, sciatic, internal 
circumflex, and gluteal. 

The Serves are articular branches from the sacral plexus, great sciatic, 
obturator, accessory obturator, and a tilament from the branch of the anterior 
crural supplying the Rectus. 

Movements. - The mov(mients of the hip are very extensive, and consist of 
flexion, extension, adduction, abduction, circumduction, and rotation. 

The length of th(‘ neck of the femur and its inclinations to the shaft have the 
effect of converting the angular movements of flexion, extension, adduction, and 
abduction partially into rotatory movements in the joint. Thus when the thigh 
is flexed oi extended, the head of the femur, on account of the inward inclination 
of the neck, rotates within the acetabulum with only a slight amount of gliding 
to and fro. forward slope of the neck similarly affects the movements of adduc- 
tion and abduction. Conversely rotation of the thigh which is permitted by the 
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upward inclination of the neck, is not a simple rotation of the head of the femur 
in the acetabulum, but is accompanied by a certain amount of gliding. 

Tlie hip-joint presents a very striking contrast to the shoulder-joint in the 
much more complete mechanical arrangements for its security and for the limita- 
tion of its movements. In the shoulder, as has been seen, the head of the humerus 
is not adapted at all in size to the glenoid cavity, and is hardly restrained in any 
of its ordinary movements by the capsular ligament. In the hip-joint, on the 
contrary, the head of the femur is closely fitted to the acetabulum for a distance 
extending over nearly half a sphere, and at the margin of the bony cup it is still 
more closely embraced by the cotyloid ligament, so that the head of the femur 
is held in its place by that ligament even when the fibres of the capsule have been 
quite divided (Humphry). The ilio-fernoral ligament is the strongest of all the 
ligaments in the body, and is put on the stretch by any attempt to extend the 
femur beyond a straight line with the trunk. That is to say, this ligament is the 
chief agent in maintaining the erect position without muscular fatigue ; for a 


Fig. 465. — Relation of muscles lo the capsule of the hip- joint. 
(From a drawing by F. A. Barton.) 



vertical line passing through the centre of gravity of the trunk falls behind the 
centres of rotation in tln^ hip-joints, and therehu'e the pelvis tends to fall back- 
wards, but is ])revented by the tension of the ilio-femoral and capsular ligaments. 
The security of the joint may be also provided for by the two bones being directly 
united througli the ligamentuiri teres ; but it is doubtful whether this so-called 
ligamejit can have much inlluence upon the mechanism of the joint. Flexion of 
the hip-joint is arrested by the soft parts of the thigh and abdomen being brought 
into contact, wh(*n the big is flexed on the tliigh, and by the action of the ham- 
string muscles when the leg is extended; extension by the tension of the ilio- 
femoral ligament ; adduction by the thighs coming into contact ; adduction with 
flexion by the outer band of the ilio-femoral ligament and the outer part of the 
capsular ligament ; abduction by the inner band of the ilio-femoral ligament 
and the pubo-femoral band ; rotation outwards by the outer band of the ilio- 
femoral ligament ; and rotation inwards by the ischio-capsular ligament and 
the hinder part of the capsule. The muscles which fiex the femur on the pelvis 
are the Psoas, Iliacus, Rectus, Sartorius, Pectineus, Adductores longus et brevis, 
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and the anterior fibres of the Glutei medius and minimus. Extension is mainly 
performed by the Gluteus maximus, assisted by the hamstring muscles and the 
ischial head of the Adductor inagnus. The thigh is adducted by the Adductors 
magnus, longus and brevis, the Pcctineus, the Gracilis, and lower part of the Gluteus 
maximus, and ahdnctrd by the Gluteus medius and Gluteus minimus, and the upjier 
part of the Gluteus maximus. The muscles which rotate the thigh inwards are the 
Gluteus minimus and the anterior fibres of the Gluteus medius, the Tensor ftisciai 
femoris and the Tlio-psoas ; while those which rotate*, it outwards are the posterior 
fibres of the Gluteus medius, the Pyriformis, Obturators extertius and internus, 
Gemelli superior and inferior, Quadratus femoris, Gluteus maximus, the three 
Adductors, the Pcctineus, and the Sartorius. 

Surface Form . — A line drawn from the anterior superior spine of the ilium to the 
most prominent part of the tuberosity of the ischium (Nelaton’s line) (fig. 406) rims through 
the centre of the acetabulum, and would, therefore, indicate the level of the liip-joint; in 
other words, the upper border of the great trocliaiiter, which touches Nelaton’s line, is 
on a level with the centre of the hip-joint. 

Kro. 400. — Nolaton's line and Bryant’s triangle. 



Apfth'cd Anatomy . — In dislocation of the hip, * the liead of the thigh-bone may rest at 
any point around its socket ’ (Bryant) ; but whati'vor position tlie head ultimatoly assumes, 
the in’imar}’^ displacement is gcncTally downwards and inwards, the capsule giving way at 
its weakest — that is, its lower and inm*r — ])art. The situation that the licad of the bone 
subscMpicritly assumes is determined by the degiee of tlexion or extension, and of outward 
or inward T(»ta1ion of the thigh at the moment of luxation, influenced, no doubt, by the 
ilio-femoral ligament, which is not easily ruptured. When, tor instanoo, the head is forced 
backwards, this ligament forms a fixed axis, round which the liead of the bone rotates, and 
is thus driven on to the dorsum of the ilium. Ttio ilio-femoral ligament also influenecs 
the position of the thigh in the various dislocations: in the dislocations backwards it is 
tense, and y)roduc(\s inversion ol the limb ; in tlie dislocation on to the pubes, it is relaxed, 
and therefore allow s- tlie external rotators to evert the thigh ; while in the th3n*oid disloca- 
tion it is tens(*, and produces flexion. The muscles inserted into the uyipcr part of the 
femur, with the exception of the Obturator internus, have very little direct influence in 
determining the jiosition i>f the bone. Bigelow, how’ever, has endeavoured to show that 
the Obturator internus is the iwincipal agent in deciding whether, in the backward 
dislocations, the head of the bone shall be ultimately lodged on the dorsum of the ilium, 
or in or near the sciatic notch ; in both dislocations the head passes, in the first instance, 
ia the same direction ; but, as Bigelow' asserts, in the displacement on to the dorsum the 
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head of the bone travels up behind the acetabulum, in front of the musele ; while in the 
dislocation into the sciatic notch the head passes behind the muscle, and is prevented 
from reaching the dorsum, in consequence of the tendon of the muscle arching over the 
neck of the bone, and it therefore remains in the neighbourhood of the sciatic notch. 
Bigelow distinguishes these two forms of dislocation by describing them as dislocations 
backwards, ‘ above and below ’ the Obturator internus. 

The ilio-fcmoral ligament is rarely torn in dislocations of the hip, and this fact is taken 
advantage of by the surgeon in reducing these dislocations by manipulation. Tt is made 
to act as the fulcrum to a lever, of which the long arm is the shaft of the femui*, and the 
short arm the nc(;k of the bonii. 

The hip-joint is rarely tlie seat of acute synovitis from injury, on account of its deep 
position and its thick covering of soft parts. Acute inflammation may, and does, frequently 
occur as the result of constitutional conditions, as rheumatism, pyajmia, &c. When, in 
these cases, ciTusion takes place, and the joint liecomes distended with fluid, the swelling 
is not very easy to detect on aiicount of the thickness of the capsule and the depth of the 
articulation. It is principally to be found on the front of the joint, just internal to the 
ilio-femoral ligument ; or behind, at the lower and bacik part. In these two jilaces the 
capsul(‘ is thinner than elsewhere. Disi^ase of the hi]>-joinl is much oftener of a chronic 
character, and is usually of tuberculous 

origin. It begins either in the bones or in i • i -i- 

the synovial membrane ; usually in the Aa. 467.— Hip-joint, showing the ilio- 
former, and probably, in most cases, in femoral ligament. (After Bigelow.) 
the growing, highly vascular tissue in the 
neighbourhood of the epiphysial cartilage*. 

In this respect it differs very materially 
from tuberculous arthritis ot the knee, 
w'hcre tlu* disease usually commences in the 
synovial membrane. 

In chronic; hip-disease the affcc.ted limb 
assumes an altered position, the cause of 
which it is important to understand. In 
tlu* t*arly stage of a typical case, tlu; limb is 
flexed, abducted, and rotated outwards. In 
this position all the ligaments of t lu; joint arc 
relaxed : the front of the cs]>sule by flexion ; 
the outcir band of the ilio-femoral ligam(*nt 
by abduction ; and the inner band of this 
ligament and the back (»f tlu* capsule by 
rotation outwards. It is, therefore, the 
position of greatest ease. The condition is 
not quite obvious at first, upon examining 
a patient. If the patient is laid in the 
sujiine position, the affect c*d limb will be 
found to be extended and jiarallel with the 
other. I3ut it will be seen that the pelvis 
is tilted dowuAvards on the diseased side 
and the limb apparently longer than its 
fellow, and that the lumbar spine is 
arciied forwards (lordosis) The condition 
is thus explained: a limb which is flexed 
and abducted is obviously useless for 
progression, and in order to overcome the 
difficulty the patient dcjiresscs the afTcctc*d 
side of his pelvis, thus producing j)arallelism of his limbs, and at the same time 
rotates his j)elvis on its transv'crso horizontal axis, so as to direct the limb dowmwards, 
instead of forwards. In the later stages of the disease the limb becomes flexed and 
adducted and inverted. This position probably depends upon muscular action, at all 
events os regards the adduction. The Adductor muscles are supplied by the obturator 
nerve, which also largely supplies the joint. Tliese muscles are therefore throwm into 
reflex action by the irritation of the peripheral terminations of this nerve in the 
inflamed articulation. 

Ostoo-arthritis is not uncommon in the hii)-joint, and is said to be more common in the 
male than in the female, in whom the knee-joint is more frequently affected. It is a disease 
of Tniddle age or advanced life. Wlien much deformity is assoi'iated with chronic osteo- 
arthritis the condition is spoken of as Arthritis deformans of the hip, or Morhvs enrer senilis. 
The ht*a(l of the femur is worn away, and after it often the neck too, until the irregular 
articular surface comes to lie on the femur betw'een the two trochanters. New formation 
of bone oeoiirs at its edges, and also at the edges of the acetabulum, which is widened and 
eroded by a similar chronic jirocoss. Pain in the joint, shortening of the limb, and great 
limitation of movement result, with much creaking and grating when the joint is moved. 
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Congenital dislocation is more commonly met with in the hip- joint than in any other 
articulation. The displacement usually takes place on to the dorsum ilii. It gives rise 
to extreme lordosis; and a waddling gait is noticed as soon as the child commences to walk. 

Excision of tlie hip may bo required for disease or for injury, especially gunshot. It 
may bo performed either by an anterior incision or by a posterior one. The former 
entails loss interference with important structures, especially muscles, than the latter, 
but permits of less cf!i(;ient drainage. In these da3rH, however, when the surgeon aims 
at securing healing of the wound without suppuration, this second desideratum is not 
of so much importance. In the operation from the front, an incision is made three to 
four inches in length, starting immediately below and external to the anterior superior 
spinous process of the ilium, downwards and inwards between the Sartorius and Tensor 
fasci.T femoris, to the nock of the bone, dividing the capsule at its upper part. A narrow- 
bladed saw now divides the neck of the femur, and the licad of the bone is extracted with 
sequestrum forceps. All diseased tissue is carefully removed w'itli a shar]) spoon or scissors, 
and the cavity thoroughly flushed out with a hot antiseptic or sterile fluid. 

Tlie post(^rior method consists in making an incision three or four inches long, 
commencing midway between the top of the great trochantcu* and the crest of the ilium, 
and ^^x tending down the posterior border of the trochanter. The muscles are detached 
from the great trochanter, and the capsule opened f^eel3^ The head and nepk ani freed 
from the soft parts and the bone sawn through just below the top of the trochanter with 
a narrow saw. The head of the bone is then levered out of the acetabulum. In both 
operations, if the acetabulum is eroded, it must be freely gouged. 


II. KNEE-JOINT (.\RTTCULAT1() (JENU) 

The knee-joint was formerly described as a ginglyinus or hinge-joint, but 
is really of a miicJi more complicated oharacdor. It must be regarded as 
consisting of three articulat ions in one : two (condyloid joints, one between each 
condyle of the femur and the corresponding semilunar cartilage and tuberosity 
of the tibia, and a third btdween the ijatella and the femur, partly artlirodial, 
but not completely so, since the articular surfaces are not mutually adapted 
to each other, so that t/lie movement is not a simple gliding one. This view 
of the construction of the knee-joint receives confirmation from the study 
of tlie articulation in some of tlie lower mammals, wlicre, corresponding to 
these thn^e subdivisions, tliree synovial membranes are sometimes found, 
either entirely distinct or only connected together by small communications. 
This view is further rendered probable by the existt^nce within the joint of 
the two crucial ligaments, whieli must be regarded as the external and internal 
lateral ligaments of tlie inner and outer joints respectively. The existence of 
the ligamcnturn mueosum would further indicate a tendeney to sepai*ation 
of the synovial cavity into two minor sacs, one c^oITesponding to each lateral 
joint. 

The bones entering into the formation of the knee-joint are the condyles 
of the feniiii* above, tlu^ head of tlu^ t ibia below, and the patella in front. They 
are connected together by ligaments, some of which are placed on the exterior 
of the joint, while others occupy its interior. 


Exterior Ligaments 


Interior Ligame.nts 


Capsular. 

Anterior, or Ligarnentum 
Patella*. 

Posterior, or Ligarnentum 
Posticum Winslowii. 
Internal Lateral. 

External Lateral. 


Anterior or External Cru(;ial. 

Posterior or Internal Crucial. 

Two Semilunar Fibro-eartilages. 

Transverse. 

Coronary. 

Ligarnentum mueosum | Processes of Syn- 
Liganienta alaria ) ovial membrane. 


The Capsular Ligament (capsula articularis) consists of a thin, but 
strong, fibrous membrane which is strengthened in almost its entire extent 
by bands inseparably connected witli it. Above and in front, beneath the 
tendoii of the Quadriceps extensor muscle, it is so thin that it is usually 
described as defcMitive. Its chief strengthening bands are derived from the 
fascia lata and from the tendons surrounding the joint. In front, expansions 
from the V asti and from the fascia lata and its ilio-tibial band fill in the mter- 
vals between the anterior and lateral ligaments, constituting the lateral 'patellar 
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ligaments. Behind, the capsular ligament consists of vertical fibres which 
arise from the condyles and intercondyloid notch of the femur, and are 
augmented by fibres" derived from the tendon of the Setaimembranosus, 
to form the posterior ligament. On the outer side of the joint, a prolongation 
from tlie ilio-tibial band fills in the interval between the posterior and the 
external lateral ligaments, and partly covers the latter. On the inner side, 
expansions from the Sartorius and Semimembranosus pass upwards to the 
internal lateral ligament and strengthen the capsule. 

The Anterior Ligament, or Ligamentum Patellx (fig. 468), is the central 
portion of the common tendon of the Extensor muscles of the tliigli, which 
is continued from the patella to the tubercle of tlie tibia, supplying the ])lace 
of an anterior ligament-. It is a strong, flat, ligamentous band, about three 
inches in length, attached, above, to the apex nnd adjoining margins of the 
patella and the rough depression on its i)osleri()r surface : below, to the tubercle 
of tlu^ tibia; its superficial fibres arc 
(continuous over the front of the paUha 
witli those of the tendon of the Quadri- 
ceps extensor. The latei’al portions of tiie 
tendon of the Extensor muscles pass dow.i 
on either side of t he patella , to be inserted 
into the upper extremity of the tibia on 
eitlier side of the tubercle' ; these jJortions 
merge into the capsular ligament-, as 
stated above, forming the lateral patellar 
ligaments. The ])Oslerior surface of the 
ligamontum patelhe is separated from the 
synovial membrane of the joint by a large 
pad {infrapatellar) of fat, and from the 
tibia by a synovial bursa. 

The Posterior Ligament (lig. posti- 
(jurn Winslowii) (fig. 469) is a broad, flat, 
fibrous band, formed of fasciculi sepa- 
rated from one another by ai>ertures for 
the passage of vessels ancl nerves. It is 
attached above to the upper margin of 
the intercondyloid notch and posterior 
surface of tlu'. femur close to the articular 
margins of the condyles, and below to tlu' 
posterior margin of the lu'ad of the tibia. 

Su])erficial to the main j)a,rt of the liga- 
ment is a strong fasciculus, derived from 
the tendon of the Semimembranosus and 
passing fi'orn the ba(!k })art of the inner 
tubf^rosity of thr* tibia oblicpiely ujiwards 
and outwards to tlie back part of th(' 
outer condyle of tlie femur, where it 
becomes lost in the general ligament.* 

The posterior ligament forms part of the 
floor (^f th(5 popliteal sparse, and the 
popliteal artery rests upon it. 

•The Internal Lateral Ligament (li« collateiale libiale) is a broad, 
fla;t, membranous band, situated nearer to the back than to the front of the 
joint. It is attached, above, to the inner tuberosity of the femur immediately 
below the Adductor tubercle ; below, to the inner tuberosity and innei* surface 
of the shaft of the tibia. The fibres of the posterior part of the ligament 
are short, and are inserted into the inner 2>«^i‘t of the tuberosity of the tibia 
above the groove for the Semimembranosus muscle. Tliey incline back- 
wards as they descend. The anterior part of the ligament is a flattened 
band, about four inches in length, which inclines forwards as it descends. 
It is inserted into the inner surface of the shaft of the tibia about an inch 

* This oblique band is iBomct-imes termed the liganicntum posticum Winslowii, in contra- 
distinction to the posterior ligament, which is then regarded as part of the capsular ligament. 


468. — Right knee-joint. 
Anterior view. 
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and a half below the level of the -tuberosity. It is crossed, at its lower part* 
by the tendons of the Sartorius, Gracilis, and Semitendinosus muscles, a 
synovial bursa being interposed. Its deep surface covers the anterior portion 
of the tendon of the Semimembranosus, with Avhich it is connected by a few 
fibres,’ and the inferior internal articular vessels and nerve ; it is intimately 
adherent to the internal semilunar fibro cartilage. * • 

The External Lateral Ligament (lig. collateralc fibulare) is a strong, 
rounded, fibrous (jord, attached, above, to the back part of the outer tuberosity 
of the femur, immediately above the groove for tlie Popliteus muscle ; below^ 
to the outer side of the head of the fibula, in front of the styloid process. Its 
outer surface is covered by the tendon of the Biceps, which divides at its 
insertion into two parts, separated by the ligament. Passing beneath the 
ligament are the tendon of the Popliteus muscle, and the inferior external 
articular vessels and nerve. It lias no attacliment to the external semilunar 
fibro-cartilage. 


Ft(s. 460. — Right knee-joint. Fia. 470. — Right knee-joint. Showing 

Posterior view. interior ligaments. 



The Short External Lateral Ligament is an inconstant bundle of fibres placed beiiind 
and parallel with the preceding, attached, above, to the lower and hack part of the outer 
tuberosity of tht? femur ; below, to the summit of the styloid process of the fibula. This 
ligament is intimately connected with the capsular ligament, while passing beneath it 
are the tendon of the Popliteus muscle, and the inferior external articular vessels and 
nerve. 

The Crucial Lig^aments (ligg. cruciata genu) are of considerable 
strength, situated in the interior of the joint-, nearer its posterior than its 
anterior part, l^bcy are called crucial because they cross each other somewhat 
like the lines of the letter X ; and have received tluj names anterior and 
posterior^ from the position of their attachments to the tibia. 

The Anterior or External Crucial Ligament (lig. cniciatum anterius) 
(figs. 470, 471) is attached to the depression in front of the spine of the tibia, 
being blendt'd with the anterior extremity of the external semilunar fibro- 
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cartila^ ; it passes oblicpiely upwards, backwards, and outwards, and is fixed 
into, the* inner and back part of the outer condyle of the femur. 

Tlie Posterior or Internal Crucial Ligament (Hg. cruciatum posterius) 
(figs. 471. 472) is stronger, but shorter and less oblique in its direction, than 


Fio. 471. — Head of tibia, with Heinilunar fibro-cartilages. 
Seen from above. Kight side. 



the aritciior. It is attaclnMl to tlie back part of tlie depression behind the 
.spitKj of the tibia, to the ])opliteal notch, and to tin*, jmsterior (extremity of tlie 
external semilunar fibro-eartilagc ; and passes upwards, forwards, and inwards, 


Fi(?. 472. — Left knee-joint from behind, showing interior Ugamenls. 



to be fixed into the outer and fore part of the irmer condyle of the femui . It 
is in relation, in front, with the anterior crucial ligament ; behind, with the 
capsular ligament. 
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The Semilunar Fibro-cartilages (fig. 471) are two crescentic lamellae, 
which serve to deepen the .surfaces of the head of the tibia for articulation 
with the condyles of tlic femur. The peripJieral border of each cartilage 
is thick, convex, and attached to the inside of tlie capsule of the knee ; the 
opposite border is thin, concave, and free. Their upper surfaces are concave, 
and in relation with the eondyle.s of the femur ; their lower surfaces are flat, 
and rest upon the head of tlicj tibia ; both surfaces of the cartilages are smooth, 
and invested by synovial membrane. Each cartilage covers nearly two-thirds 
of the periphery of tlie corresponding articular surface of the tibia. 

The Internal Semilunar Fibro-cartilage (meniscus medialis) is nearly 
semicircular in form, a little (dongated from before backwards, and broader 
behind than in front ; its anterior extremity, tliin and pointed, is attached 
to a depression on the anterior margin of the head of tlie tibia, in front 
of the anterior crucial ligament ; its posterior extremity is fixed to the 
depression bcdiind the spine, between the attiicJimeids of the external .semi- 
lunar fibro- cartilage and the posterior crucial liganumt. 

The External Semilunar Fibro-cartilage (mcmiscus lateralis) forms 
nearly an entire eirele, covering a larger portion of the articular surface than 
tlie internal one. It is grooved on its outm* side for the tendon of the Popliteus 
muscle, which .sejiarates it from the external lateral ligament, lis extnmiities, 
at their insertion, are interposed betwt'eii the two extremities of tlu^ internal 
semilunar libro-cartilage ; the anterior is attaclu^d in front of the S])ine of 
the tibia to the outer side of. and behind, th(‘ antei’ior (jriieial ligament, with 
which it blends ; the posterior is attaclu^d behind the spine of the tibia and 
in front of the postciior extremity of the intcTual semilunar tibro-cartilage. 
The anterior atta(diment of the (external scunilunar cartilage is twisted on 
it-self so that its free margin looks backwards and upwards, its anterior mid 
resting on a sloping sludf of bom^ on the front of the (external tubercle of 
the libial spine. (Uose to its posterior attachment it gives off a strong 
fasciculus, the lUjamnit of Wrisbmj, wiiieh pas,se.s obliquely upwards and 
imvards, to be inserted into the inm‘r con<lyle f)f tlio femur, immediat(dy beliind 
tJic attachment of th€^ posterior crmial liganumt. Occasionally a small fasci- 
milus is given off wdiich jiasses forwai’ds to be insert(‘d into the back part 
of the anterior crucial ligarnmit. The external .semilunar fibro-cartilag(j 
gives olT from its anterior convex margin a fasciculus wiiU’h forms the 
trails verse ligammi t . 

'Pile Transverse Ligament (lig. transversum genu) i.s a band of fibres 
which passes transversely from tli(‘ anterior convex margin of the (ixternal 
semilunar fibro-cartilage to tlui {interior convex margin of the internal .semilunar 
fibro-cartilage ; its thickness varies considerably in different .subjects, and 
it is sometimes absimt. 

I’Jie Coronary Ligaments (ligamenta coronaria) are merely portions of 
the (japsular ligament, w hich connect tlie periphery of each of the semilunar 
fihro-cartilages w itli tlie margin of the head of the tibia. 

Tlie Synovial Membrane of the knee-joint is tlie largest and most extend 
sive in the body. ComiiMmciiig at the upper border of the patella, it forms 
a short cuJ-fJc-.s(ic beneath the Quadriceps extensor tendon, on the lower part 
of the front of llie shaft of the femur : this very frequently communicates 
wilJi a simovdal bursa interposed betwx*en the tendon and the front of the 
iemui’, by an orifice of variable size. The pouch of synovial membrane 
b(;tw'een the i<]xtensor tendon and front of the femur is supported, during 
the movements of the knee, by a small muscle, the Subcrurcus, vdiich is 
insert(*d into it. On either side of the patella, the synovial membrane extends 
beneath the apoiimirosis of the Vastus, and more especially beneath that of the 
Vastus internus. Below the patella it is separated from the anterior ligament 
by a (Hinsiderahle quantity of adipose tissue, known as tlie infrapatellar pad. 
In this situation it sends into the interior of the joint a triangular prolonga- 
tion, which extends from the anterior part of the joint below the patella to the 
front of the intercondyloid notch. This fold has been termed .the ligamentum 
mucosum (plica synoviali.s patellaris). It also sends otT tw^o fringo-like folds, 
called the ligamenta alaria (plicie alares) whicli extend from the sides of the 
ligamentum mucosum, upwards and laterally betw^cen the patella and femur. 
On either side of the joint, it passes downwards from the femur, lining the 
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capsulo to its point of attachment to the semilunar cartilages ; it may then be 
traced over the upper sui*faces of these cartilages to their free borders, and thence 
along tficir under surfaces to the tibia. At the back part of the external 
one it forms a cul-de-sac between the groove on its surfact? and the temdon 
of the Poplitcus ; it surrounds the crucial ligaments, and lines the inner surfaces 
of the ligaments which enclose the joint. 

Bursae.— The burste about the knee-joint are the following : 

In front there are four bursae : one is interi)Osed between the patella and 
the skin ; another of .small size between the upper jiart of the tibia and the 
ligamentum patclLe ; a third between the lower part of the tuberosity of 


Fio. 473. — Sagittal section of right kneo-joint. 


Vosit'nuv li(/nnirnt 


In*, semilunar cartilarje 



— Adiin.Sf O'sffne 


linrsn under 

<2 an dr It eps ei tensor emus 


Ini. semilunar cartilage, 
Lit/a men I u m pa tel he 

Buisa hetueeu lihia and 
Ifgamenlum patelhc 


the tibia and the skin ; and a fourth between the anterior surface of the 
lower end of the femur and the under surface of the Quadriceps extensor 
cruris, usually communicating with the knee-joint. On the outer side there 
are four bursae : (1) one (which sometimes communicates with the joint) 
between the outer head of the Gastrocnemius and the capsule ; (2) one 
above the external lateral ligament, between it and the tendon of tlie Biceps ; 

(3) one beneath the external lateral ligament, between it and the tendon of 
the Popliteus (this is sometimes only an expansion from the next bursa) ; 

(4) one beneath the tendon of the Popliteus, between it and the condyle of 
the femur, which is almost always an extension from the synovial membrane. 

p F 2 
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On 1/he inner side there are five bursaf^ : (1) one betA^oen the inner licad of the 
Gastrocneniius and the ea])sale; this sends a prolongation between the 
tendons of the Gastrocnemius and Semimembranosus and often communi- 
cates with tile joint ; (2) one above Ihe internal lateral ligament between it 
and th(^ tendons of the Sartorius, Gracilis, and Semitcndiiiosus ; (3) oAc 
bent'ath the internal lateral ligamt^nt, between it and the tendon of the Semi- 
membranosus (this is sometimes only an expansion from the next bursa) ; 
(4) one beneath the tendon of the Semimembranosus, between it and the head 
of the tibia ; (5) o(*i^asiona]ly tlnn'e is a bursa bet^^'een the tendons of the Semi- 
membranosus and Semitendinosus. 

Structures around the Joint. — In front, nml at the sides, is the Quadriceps 
extensor; on the outer side, the tendons of the Biceps and Popliteus and the 
external popliteal nerve ; on the inner side, the Sartorius, Gracilis, Seii)iti‘ndinosus 
and Seinimeuibranosus ; behind, an expansion from the tendon of the Semi- 
membranosus, the })opliteal vessels^ and the internal poplit(‘al nerve, Popliteus, 
Plantaris, and inner and outt‘r heads of the Gastrocjiemius, some lymphatic glands, 
and fat. 

I’lie Artvrifs supplying the joint arc th(i anastomotica magna, a braueji of 
the femoral, tin* articular hrauclies of the ])opJiteal, the anterior and ])osterior 
recurrent }>ranclies of the anterior tibial, and the d(‘scending branch from the 
external cireuinflex of tlie profunda. 

The Xrrt'vs are diuived from the obturator, aut(‘rior crural, and I'xternal and 
internal popliteal. 

Movements. — The movements which take place at the knee-joint, are flexion 
and extension, and, in certain positions of the joint, internal and oxt(*rnal rotation. 
The movements ol flexion and extension at this joint differ from those, in a typical 
liinge-joint, such as the elbow, in that (u) the axis round wliich motion takes 
j)laco is not a fixed one, but shifts forwards during extension and backwards during 
ficxioji : (h) tin; cominenccjnent of flexion and tin* end ol extemsion are, accom- 
panied by rotatory inoveim*nts ass(K*iated with the fixation of the limb in a ])osilioii 
of gn^at stability. Tlie movement from lull flexion to full (extension mav tlieav- 
tore be descrified in thiee phases. 

1. In the fully fl(‘,xed condifiou tlie posterior parts of th(‘ lemoral condyles 
rest on the corresponding portions of th(‘ menisco-tibial surfaces, and in this position 
a slight amount of simple rolling niov(*nient is allow (‘d. 

2. During tlie passage ol the limb from the flexed to tlie (‘Xt ended position 
a gliding moveiiuMit is superposed on tlie rolling, so that the axis, wliich at the 
coiniiKMicement is represented by a lim^ tbrough th(‘ inner and outer tuberosities 
ol the femur, gradually shifts forwards. Tn this ])art ol the niovenuMit, the pos- 
terior tw’o-tliirds oJ th(‘ tibial articular surfaces of tlie two femoral condyles arii 
involv(*(l, and as tliese have similar curvatures and are jiarallel to one another, 
tiny iiiovi* foiwards cajually. 

3. The external i-ondyle is brought almost to rest liy the tigliteniiig of the 
antiM'ior crucial ligament ; it moves, however, slightly forwards and inwards, 
]>ushing belore it the anterior part of the external semilunar cartilag(‘. fl’lie tibial 
surlaee on the intetnal condyle is prolonged farther forwards than tliat on the 
extmrial, and this prolongation is <lirected outwards. When, therefore, tin* move- 
ment forwards ol the condyles is checked by the anterior crucial ligament, con- 
tinued muscular action causes the intcirnal condyh*. dragging with it the semilunar 
cartilage, to tra\el backwards and inwards, thus producing an internal rotation 
ol the tliij^li on the h'n. Wlnui Ihe ])osition of full extension is readied the outer 
part ot Ihe gr(»ove on the external eoiulvle is pri'ssisl against the anterior part 
of the co: RjsjKmding semilunar cartilage, Avliile the inmu- part of the groovi* rests 
on the articular margin in front of the external tubercle oi the tibial spine. Into 
tlie groove on the internal condyle is fitted the. anterior part of the, internal semi- 
lunar cartilage, while the anterior crucial ligament and the articular margin in 
front of the iiiiier tiibmde of the tibial spine are r(*ceivcd into the fore pait of 
the intcrcondyloid notch. This third pha.se by which all tliese parts are brought 
into accurate apposition is kuowm as the " screwing home,’ or locking movement of 
the joint. 

The complete movement of flexion is the converse of that described above, 
and is therefore preceded by an external rotation of the femur which unlocks the 
extended joint. 
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The axes round which the movements of flexion and extension take place 
are not precisely at right angles to cither bone ; in flexion, the femur and tibia 
arc, in the same plane, but in extension the one bone forms an angle with the 
other. 

In addition to the rotatory movements associated with the completion of 
extension and the initiation of flexion, rotation inwards or outwards can be 
effected when the joint is partially flexed. These latter rotatory movements 
take place mainly between the tibia and the semilunar cartilages, and are freest 
when the leg is berit at right angles with the tliigh. 

Movements of Patella. — The articular surface of the patella is indistinctly divided 
into seven facets — upper, middle, and lower horizontal pairs, ajid an internal 
perpendicular facet (fig. 474). When thci knee is forcibly flexed, the internal 
per|)endieular facet is iii contact with the semilunar surlace on the outer part 
of t]u‘ internal condyle ; this semilunar surface is a prolongation backwards 
of the inner part of the trochl(‘a. As th(^ leg is carried from the flexed to the 
extended position, first the uppermost pair, tlum the middle pair, and lastly 
the loAvest pair of horizontal facets are successively brought into contact 
with the trochlear surface of the femur. In the extended position, when the 
Quadric(‘])s extensor is relaxed, the patella, lies loosely on the iront of the lower 
end of th(‘, femur. 



Dun’ng flexion, the ligamentuni patelhe is put upon the stretch, and in extreme 
flexion so also is the posterior crucial liganumt ; the lateral and posterior liga- 
ments, and, to a slight extent, the anterior crucial 

ligament, arc relaxed. Flexion is checked during • r 

life by the contact of the leg with the thigh. When 

the knee-joint is fully extended the lateral and pos- • diagrammaticaily the 
tenor ligaments, the anterior crucial lipment, and of contact with the 

the inner part of the posterior crucial ligament, are femur in different positions 

rendered tense ; in tln^ a.ct of extending th(‘ knee, of the knee, 

the liganieiitum patellm is tightened by the Quad- 
riceps extemsor, but in full extension with the, heel 
supported it is relaxed. Rotation inwards is clieck(‘d 
by the anterior crucial ligament ; rotation outwards 
tends to uncross and relax the crucial ligaments, 
but is checked by the int(‘rnal lateral ligament. 

The main function of the crucial liganumts is to act 
as a direct bond betwinni the tibia and femur and 
to pr(^vent the former bone from being carried too 
far backwards or forwards. They also assist tln^ 
lateral ligaments in resisting any lateral bending of 
the joint. The, interarticular cartilages are in- 
tended, as it seems, to adajit the surface of the tibia to the shape of the femur 
lO a certain extent, so as to fill up the intervals wliich would otherwise be left 
in the varying positions of the joint, and to obviate the jars which would be 
so trequeiilly transmitted up the limb in junij)ing or by falls on the feet ; also to 
permit of the two varieties of motion, flexion and extension, and rotation, as 
explained above. The patella is a gr(*at defence to the knee-joint fi’om any injury 
inflicted in front, and it distributes upon a large and tohn^ably even surface, during 
knei'ling, the pressure which \\’ould otherwise tall upon the prominent ridges of 
the condyles ; it also affords leverage to the Quadriceps extensor. 

When standing erect in tin; attitude of ‘attention,’ tlie weight of the body 
falls in front of a line carried across tlie centres of the knee-joints, and therefore 
tends to produce* over-cxt(’nsiou of the articulations ; tliis, however, is prevented 
by the tension of the anterior crucial, posterior, and lateral ligaments. 

Extension of the l(*g on the thigh is performed by the Quadriceps extensor; 
flexion by the hamstring muscles, assisted by the Gracilis and Sartorius, and 
by the Gastrocnemius, Poplitous, and Plantaris. Potation outwards is clh'cted 
by the Biceps, and rotation inwards by the Popliteus, Semitendinosus, and, to 
a slight extent, the Semimembranosus, the Sartorius, and the Gracilis. The 


Popliteus comes into action especially at the commencement of the movement 
of flexion of the knee ; by its contraction the leg is lotated inwards, or, 
if the tibia be fixed, the thigh is rotated outwards, and the knee-joint is 
unlocked. 
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Surface Farm , — The interval between the femur and tibia can always be easily felt. 
If the limb be extended, it is situated on a slightly higher level than the apex of the patella ; 
but if the limb be slightly flexed, a knife carried horizontally backwards immediately 
below the apex of the patella would pass directly into the joint. When the knee is semi- 
flexed, the internal border of the inner condyle of the femur, the upper border of the 
inner tuberosity of the tibia, and the inner margin of the patella form a triangular depressed 
area, which coincides with the level t>f the joint and with the internal semilunar fibro- 
cartilago. If this cartilage be displaced inwards, a gap will be felt in this situation. When 
the knee-joint is distended with fluid, lli<‘ outline of the synovial membrane at the front 
of the knee may be fairly well mapped out. 

Applied Avjatiymy . — From a consideration of the construction of the knee-joint, it 
would at first sight appear to be one of the least secure of any of the joints in tlu^ body. 
It is formed between the two longest bones, and therefore Hit? amount of leverage which 
can be brought to bear upon it is considerable ; the articular surfaces are but ill-adapted 
to each other, and the range of motion which it enjoys is great. All these circumstances 
tend to render the articulation insecure ; nevertheless, on account of the powerful 
ligaments which bind the bones together, the joint is one of the strf)iigcst in the body, 
and dislocation from traumatism is a rare o(Huirreiico. W"hen, on the other liand, the 
ligaments have been softened or destroyed by disease, partial displacement is liable to 
occur, and is frequently brought about by the mere action of the muscles displacing the 
articular suifaces from eacli other. The tibia may be dislocated forwards, backwards, 
inw^ards, or outw'ards ; or a combination of tw^o of these dislocations may occur, and 
any of these dislocations may be complete or incomplete. 

One or other of the semilunar cartilages may become displaced and nipped between 
the femur and tibia. The accident is produced by a twist of the leg when the knee is 
flexed, and is accompanied by a sudden pain and fixation of the knee in a flexed position. 
The cartilage may btj disj)laced either inwards or outwards : that is to say, either inwards 
towards the tibial spine, so that the cartilage becomes lodged in th(^ intcrcondyloid notch ; 
or outw’ards, so that the cartilage projects beyond the margin of the tw'o articular surfaces. 
The internal cartilage is much more commonly the one allectcd. 

Acute synovitis, the result of. traumatism, is very common in the knot*, on account of 
the superficial position of the joint. When the cavity is distended w ith fluid, the swelling 
shows itself above and at the sides of the patella, reaching about an inch, occasionally 
two inches or more, above the trochlear surfacii of the femur, and extending a little higher 
under the Vastus intemus than under the V’^astus exterrius. The lower level of the synovial 
membrane is just above the level of the head of the tibia. (Chronic synovitis sliows 
itself princi])ally in the form of juilpy degeneration of the synovial membrane, loading 
to tuberculous arthritis. TJu^ reasons why tuberculous disease of the knee usually com- 
mences in the synovial membrane ajqicar to bti (a) the complex and extensive*, nature of 
this sac;, and (h) the fact that injuric^s are gencu’ally diffused and applied to the* front of the 
joint rather than to the ends of the bones. Syphilitic disease not infrequently attacks 
the knee-joint. In the tertiary form of the disease, gummatous infiltration of the synovial 
membrane ma}^ take j)lace. 'Hie knee is one of the joints most (;ommonly affected wuth 
ostco-arlhrilis* and is said to be more frequently the scat of this discNiso in w'omcn than 
in men. The; occurrence of the so-called loose cartilages is almost confined to the knee, 
though they arc occasionally met with in other joints. Many of them o(*cur in cases 
of ostco -arthritis, in which calcareous or cartilagim)us material is formc;d in one of the 
synovial fringes and constitutes the fort'ign body, and may or may not becomi; detached, 
in the former case only meriting the usual term, ‘ loose ’ cartilage. In other cases they 
have* their origin in the exudation of inflammatory lymph, and possibly, in some rare 
instances, a j)ortion of the articular cartilage or one of the semilunar cartilages bc(;om(;s 
deta(‘hed and constitutes the foreign body. 

In inflammatory affections of the knee-joint, the position of greatest case, and 
therefore the one which is always assumed, is that of slight flexion. In this position 
there is the most complete rtOaxaiion of ligamentous structures, and, therefore, the greatest 
diminution in the tension caused by the effusion. If this flexed ])osition bo maintained 
for any length of time, it becomes permanent from fibrous adhesions taking place, and 
the utility of the limb is maltaially imiiaired. Attention should therefore be paid by the 
surgeon to the )>osition of the liml) ; and by carefully applied stdints, with the leg in an 
extended position, this untow^ard result should be prevented. In cases of septic synovitis, 
incisions to evacuate the pus should bo made vertically on either side of the patella, between 
it and the condyh^s (jf the femur. 

Genu valgum, or knock knee, is a common deformity of childhood. In this condition, 
owing to changes in arid about the joint, the angle between the outer borders of the tibia 
and femur is diminished, so that as the X3aticnt stands the two internal condyles of the 
femora are in contact, but tJie two internal malleoli of the tibifc are more or less widely 
separated from each other. AVhen, however, the knees are flexed to a right angle, the 
two logs are practically parallel with each other. At the commencement of the disease 
there is a yielding of the internal lateral ligament and other fibrous structures on the inner 
side of the joint ; as a result of this there is a constant undue pressure of the outer 
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tuberosity of the tibia against the outer condyle of the femur. Tliis extra pressure causes 
arrest of growtli, and, possibly, wasting of the outer condyle, and a consequent tendency 
for tlie tibia to become separated from the internal condyle. Irregular overgrowth from 
the inner portion of the epiphysial line takes jJace, giving rise to apparent enlargement 
of the inner condyle of the femur, the line of the epiphysis becoming oblique, with a 
direction downwards and inwards, instead of at right angles to the axis of the bone. If 
the deformity be marked, on osteotomy of the femur is required to eorrect it. 

Excision "of the knee-joint is most frequently rc(]ijired for tuberculous disease of this 
articulation, but is also practised in easels of disorganisation of the knee from other causes. 
It is also occasionally called for in cases of injuiy, gunshot or otherwise. The operation 
is bt‘st performed by a horsc^-shtMi incision, starting from one condyle, descending as low 
as the tubercle of the tibia, and then carried upwards to the other condyle. The bone 
having been clean'd, and in those cases where the opesration is performed for tuberculous 
disease all pulpy tissue having been carefully removed, the section of the femur is first 
made. This should never include, in children, more than, at the most, two-thirds of the 
articular surface, otherwise the epiphysial cartilage will bo involved, with disastrous 
results as regards the growth of the limb. Afterwards a thin sliee should be removed 
from the upj)or end of tluj tibia, not more than half an inch. If any diseased tissue still 
appears to bo left in the bones, it slioiild be rcmovc^d with the gouge, rather than that a 
further section of the bones should be made. 

The bursa' about tlic knc'e-jouit arc some. inu'S the s(‘at of enlargement. The pre- 
patellar bnrsci — i.i\ the bnrsa botw'een the front of the patella and the skin — is frequently 
affected in individuals who arc in the habit of constantly knecuing, and the condition is 
then know'll as ‘ housemaid’s kiu*c.' '^IIk* bursa beneath the Semimembranosus tendon also 
occasionally becomes enlarged, and forms a fluctuating swelling at Ukj back of the knee. 
During (‘xtension, the swelling is linn and tense ; but during flexion it becomes soft, and, 
as the bursa often eommumeales with the synovial cavity, the tluid it contains can bo 
inad(5 to disappear by prcssnr<'. when the knee is tlexed. Exhmsion of sefitic jiroeesses 
within the joint is apt to occur along the tendon sheath of the i*opliteiis muscle, and this 
jiiay li'ad to deep-seated su])pnratioii in tin' popliteal spnee, often associated with septic 
thrcjinbosis of the popliteal vein ; when this occurs amputation of the limb becomes 
necessary. 


in. AliTlCTIi.VTrONS IU«/J’\VEF>\ TJIE TIEJA .\\T) FIinniA 

The art iolilat ions bet/sv(‘Oii the lihia and fibula are effected by ligaments 
w'liifli connect both extremities ; in addition the sliafts of tin? bones are bound 
logetlier. Tlui liganuMits may (otisequently be subdivided into three sots : 
1. Those of the Superior '.ribio-libulnr arliculaf ion. 2. The Midd](‘ Tibio- 
fibular ligament or inteiosseous membrane. 3. Those of the Inferior "ribio- 
libular artiiujlation. 

1. SupEKiOR Tinio- FIBULA a Abticoj.ation (Akttculatio Tibiofibulakis) 

This arlioulation is an arthrodial joint. The eontiguous surfaees of the 
bones present flat, oval faet'.ts eovoiedwilli eartihig(^ and oomiected together 
by the following ligaments : 

(■apsiilar. 

Anterior 8up(U’ioi Tibio-fibular. Posterior 8upcri()r 1^i bio-fib ular. 

The Capsular Ligament (capsula arthmlaris) suTTOimds tlie articulation, 
being attached round the margins of t-ln^ articular facets on the tibia and 
fibula; it is much thiciker in front than behind. 

TJie Anterior Superior Tibio-fibular Ligament (lig. capituli fibuhe 
anterius) (tig. 470) consists of two or tbn'i^ broad and flat bands, which jjass 
obliquely upwards and inwards from the front of the head of the fibula to the 
front of the outer tuberosity of the tibia. 

The Posterior Superior libio-fibular Ligament (lig. capituli fibulaj 
post('rius) (fig. 469) is a single thick and broad band, wliicli passes up^vards 
and inwards from tlie back part of I lie head of the fibula to the back part of 
the outer tuberosity of the tibia. It is covered by the tendon of the Popliteus 
muscle. 

A Synovial Membrane lines the capsule, and at its upper and back part 
is occasionally continuous wdtli that of tlie knee-joint. 

2. Middle Tibio-fibulab Ligament ok Interosseous Membrane 

An Interosseous Membrane (membrana intorossea cruris) extends between 
the interosseous margins of the tibia and fibula, and separates the muscles on 
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the front from those on the back of tlie log. It consists of a thin, aponeurotic 
lamina composed of oblique fibi*c\s, which for tlio most part pass downwards 
and outwards ; some few fibres, however, pass in the opposite direction. It 
is broader above than below. Its upper margin does not quite reaeli the 
superior tibio-fibular joint, but presents a free concave border, above whicJi is 
a largt*, oval ajierture for the passage of thc' anterior tibial vessels to the front 
of the leg. At its loAver part is an opening for the jiassage of tJie anterior 
peroneal vessels. It is eoiitinuoiis billow Avith the inferior interosseous 
ligaiiK'nt, and presents numerous p(‘rforations for tlie passage of small vessels. 
It is in relation, in front, with the Tibialis anticus. Extensor longus digitorum, 
Extensor proprius hallueis, Pr'roneus tertiiis, and tla^ ant(n*ior tibial vessels 
and nei vc ; behind, with the Tibialis posticus and Flexor longus hallueis. 

3. Inferior Tjbio-fibitlai? Articulation (Syndesmosis Tibio- 

FIBULAHE) 

This articulation is fornu'd by the rough, convex surface of the inner side 
of the lower (‘ud of the tibula, and a concaves rougli surfa(*e on tlie outer side 
of the tibia. Below, to the extent of about a sixth of an inch, tJiese surfaces 
ar(‘ smooth, and covered with cartilage, which is con t inuous with that of tlie 
ankle-joint. The ligaments of this joint are : 

Anterior Inferior Tibio-fibular. Transverse Inferior. 

Postei'ior Inferior Tibio-fibular. Inteross(‘ous. 

The Anterior Inferior Tibio-fibular Ligament (lig. malleoli lateialis 
anterius) (fig. 47fi) is a flat, triangular band of fibres, broaden* below than 
abov(^ w’liich extends obliquely downwards and outwards between tb(» 
adjaeent margins of the tibia and fibula, on th(‘ front aspect of the articula- 
tion. It is in ndation, in front, with the IVroneus lertius, the aponeiii’osis of 
tlu^ leg, and the integument ; behind, with tla^ inferior intenosseous ligament ; 
and lies in eontaet with the cartilage covering tin* astragalus. 

The Posterior Inferior Tibio-fibular Ligament (lig. malleoli lateralis 
j)OHt(Tius), smaller than the i)ree(‘ding, is dispos(‘d in a similar niannei’ on the 
posterior surface of th(‘ articulation. 

Th(* Transverse Inferior Ligament lies under covei* of tlie posterior 
ligament, and is a strong, thick band of j’cllow isli fibres w hich pass(‘s trans- 
versely across the back of tlie joint, fi*o-m the (‘xternal mall(‘olus to the ])ost(*rioi* 
hordei* of the artii*ular surfaet^ of the tibia, almost as far as its mall(‘olar 
piocess. This ligament projects below* the maigin of the hones, and forms 
])arl of tlie articulating surfa<*e for the astragalus. 

The Interosseous Ligament consists of Iinrm'rous short, strong, fibrous 
bands, which ])ass l)(*tw(‘cn the contiguous rough sinfac(‘S of the tibia ami 
fibula, and constituti* flu* ehi(‘f bond of union betweem the bones. It is 
eontinuons, above, w ith the interosseous mein bra m*. 

The Synovial Membrane which is associated with the small arthrodial 
part of this joint is continuous with that of the anId(‘-joinl. 

TV. ANKLE-JOINT (AIITICULATTO TALOC'UlTRALiy) 

Th(‘ ankle-joint is a ginglyinus. (»r hinge-joint . The struct u res entering 
intoils formation ari' tin* lower extrcmiity of the tibia and its malleolus, the 
exti‘rnal malleolus of the fibula, and tlu* transverse ligament, whicdi together 
form a morlisi* to receive the upper couv<^x surface^ of the astragalus and its 
two lateral iaceis. '^I’lie surfaces ari* couiiectcd by a capsule, which in places 
forms thickeiKMl bands constituting the following figamciits : 

Gapsular. 

Ant(‘rior. Internal Lateral. 

Posterior. External Lateral. 

The Capsular Ligament (crapsula artieularis) is an imperfect ligarmmtous 
sti'ucture whicli surrounds the joint, and is attached, above, to tlie borders of 
the articular surface of the tibia ; and below% to the astragalus around its 
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upper articular Hiirfaoe. The parts of wlhcJi it is composed vary considerably 
in strength. 

The Anterior Ligament (fig. 475) is a broad, thin, membranous layer, 
attached, above, to the anterior margin of tlie lower extremity of the tibia, 
below, to the astragalus, in front of its superior articmlar surface. It is in 
relation, in front, witli tin* Extensor tendons of the toes, the tendons of the 
Tibialis anticus and Peroneus tertiiis, and the anterior tibial vessels and 
nerve. 

The Posterior Ligament is vciy thin, and consists principally of transverse 
fibi'es. It is attaclied. above, to the margin of the ai'ticular surfa(;e of the 
tibia, blending with the transv<?r.se tibio-fibulav ligarnimt : bolow, to the 
astragalus bcl)ind its superior articmlar fa(^et. Externally, wJiere a sonic what 
thickened band of transverse tibres is attaclied to the hollow on the inner 
surface of tJic external malleolus, it. is stouter than iiit('rnally. 

The Internal Lateral or Deltoid Ligament (lig. deltoidcum) (fig. 475) 
is a strong, flat, triangular band, attached, above, to the ajie.x and anterior 
and posterior borders of the inner malleolus. It consists of two sets of flbres, 


Fio. 475. — Ankle- join!, tarsal and tarso-metatarsal articulations. 
Internal view. Right side. 



siiperfieial and deep. Of tin* sii]HTfieial fibres the most anterior pass foi wards 
to 1)(^ inserted into the tul^Tosity of the navieuhu- hone, and immediately 
behind this th<^y blend witli the inmu* maigin of the inferior ealeaneo- 
navieular ligament ; th(‘ middle* descend almost per [)erulH*ularly to be inserted 
into the whole length of the sustentaculum tali of the os caleis ; the })osteriov 
fibres pass backwards and outwards to bo attached to the inner side of tin* 
astragalus, and to tla^ |)rominent tulx^rcle on its postorioi’ suifaec, internal to 
the groove for the tendon of the Flexor loiigus hallueis. The d(Vj) fibres an* 
attached, abova?, to the tip of the inner malleolus, and, below, to the innei 
surface of tlie astragalus. This ligann*nt. is covered by the tendons of tJie 
Tibialis posticus and Flexor longus digitorum. 

The External Lateral Ligament (fig. 47(5) consists of three fasei(adi, 
taking different dir(*etions, and separated by distinct intervals, for whi^'h 
reason it is described by some anatomists as tl)reo distinct- ligaments. 

The anterior fa sciciil us (lig. talofibulare aiiterius), the shortest of the three, 
passes from the anterior margin of the external malleolus, foiwards and 
inwards to the astragalus, iii front of its external articular facet. 
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TIk' posterior fasciculvs (li^. talofibulare pos-toriufi), the strongest and most 
d(M!j)ly stiatod, passes inwards from the depression at the inner and l)a(;k part 
(»f tlu5 external malleolus to a pi-ominent tubercle on the posterior surface of 
thc‘ astragalus imrnediat-(?l y (jxteriial to the groove for the Uuidon of the Flexor 
longus halluids. Its fibr(‘S ar<‘ almost horizontal in direction. 

FIm* 7 rdfldlr fascindvs (lig. caktaneofibulare), tlie longest of the three, is a 
narrow, rounded cord, running from the apex of the external malleolus down- 
wards and slightly backwards to a tuf)ercle on the outer surfaces of the os calcis. 
It is cov(*r(‘d by tla^ tcuidons of tlui Penmei hjiigus et brevis. 

Fh(^ Synovial Membrane invests tlie inner surfai^esof the ligaments, and 
sends a duplicature upwards between thc! lower extremities of the tibia and 
libula for a short distance. 

Relations. — TJie tendons, vessels, and nerves in conruiction with the joint 
ar(‘, in front, from within outwards, the 1’ibiiilis anticus, Extensor 7 )roprius 
lialiueis, anterior tihifil vessels, anterior tibial nerv(‘. Extensor longus digitorum, 
and P(‘roneus tertius ; beliifid, Innii within outwards, the Tibialis posticus, Fh‘xor 
longus digitorujii, ])osterior tibia! vessels, posterior tibial nerve, Flexor longus 

Fid. 47(k — Anklr-johiL f-.-irsaI and larso-mclatiirsii] articulations. 

External view. Kiglifc side. 



Inillucis : and, in the groove b(;hind the external nialhioliis, the tendons of the 
Poronei longus c*t brevis. 

The Arlenes supplying the joint are derived from the malleolar branches of 
the anterior tibial and the peroneal. 

The Nerves arc d(;rived iioni thc anterior and posterior tibial. 

Movements. — When the body is in the erect position, the foot is at right angles 
to the leg. The movements of the joint are those of dorsiflexion and extension ; 
dorsiflexiou consists in the a7)proximation of the dorsum of thc foot to the front 
of the leg, wdiilc in extension the heel is drawn uj) and the toes pointed down- 
wards. Thc malleoli tightly embrace the astragalus in all positions of the joint, 
so tliat any slight degrtu*. of lateral movement which may exist is simply due to 
stretching of the jnferior tibio-fibular ligaments, and slight bending of tbe shaft 
of the fibula. The superior articular surface of thc astragalus is broader in front 
than behind. In dorsiflexion, therefore, greater space is required between the two 
malleoli. This is obtained by a slight outward rotatory movement of the lower 
end of the fibula and a stretching of the inferior tibio-fibular ligaments ; this 
out>vard movement is facilitated by a slight gliding at the superior tibio-fibular 
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articulation, and possibly also by the bonding of the shaft of the fibula. Of the 
ligaments, the internal lateral is of very grwit power — so much so, that it usually 
resists a force whicli fractures the process of bone to which it is attached. Its 
middle portion, together with the middle fasciculus of the external lateral ligament, 
binds tlie bones of the leg firmly t<» the foot, and resists disjdacement in every 
direction. Its anterior and posterior fibres limit extension and flexioji of the foot 
respectively, and the anterior fibres also limit abduction. Ihe ])osterior portion 
of the external lateral ligament assists the middle portion in resisting tlie displace- 
ment of the foot backwards, and deepens the cavity for the rece])ti()n of the 
astragalus. 'I’he anterior fasciculus is a security against the displacenuMit of the 
foot forwards, and limits extension of the joint. 

The movements of inv’ersion and evei'sion of the* foot, together with the minute 
chfinges in form by which it is a]>])lied to the ground or tak(*s hold of an object in 
climbing, &;c., are inainlv ellect(‘(l in the tarsal joints ; the jc»int which (mjoys tlu’s 
greatest fimount of motion being that between the astragalus and os calcis behind, 


Fio. 477. — Coronal section of right anhle-b^h^t and foot. 
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and the navicular and cuboid in front. This is often called the transverse or medio- 
tar sal joint, and it can, with the subordinate joints of tin*, tarsus, replace tlie ankle- 
joint in a great measure when the latter has become aiikylosed. 

Extension of the foot upon the tibia and fibula is produced by the Gastro- 
cnemius, Soleus, Plantaris, Tibialis posticais, Peronei longus et brevis, Flexor 
longus digitorum, and Flexor longus hallucis; dorslfl exion, by the Tibialis aiiticus, 
Peroneus tertius, Extensor longus digitonini, and Extensor proprius luillucis.* 

Surface Form . — Tho level of the ankle-joint raay be indicated by a transverse line 
drawn across tho front of tho lower part of the leg, about half an inch above the level of 
the tip of tho internal malleolus. The joint can be felt on either side of the Extensor 
tendons ; and during extension of the foot, the superior facet of the astragalus can be 
perceived below the anterior border of the lower end of the tibia. 

* The student must bear in mind that the Extensor longus digitorum and Extensor projjrius 
hallucis are exUnsors of the toes, but flexors of the ahUe ; and that tho Flexor longus digitorum 
and Flexor longus hallucis ’xxe flexortX&Vn^ tpe^^ but extensors of the ankle. 
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Applied Anatomy . — As the ankle-joint is a very strong and powerful articulation, 
displacement of the trochlear surface the astragalus from the tibio-libular mortise is 
not of common occurrence, and great force is required to produce it. Nevertheless, 
dislocation docs occasionally occur, both in an antcro-posterior and a lateral direction. 
In the latter, which is the more common, fracture is a necessary a(J(!ompaniment of the 
injury. The dislocation in these cas«‘s is somewhat ])cculiar, and is not a displacement in 
a horizontfilly lateral dirc'ction, such as usually occurs in lateral dislocations of ginglymoid 
joints, but the astragalus undiTgocs a partial rotation round an antero- posterior axis 
drawn throiigli its own centre, so tlnit tin' superior surface, instead of being directed 
upwards, is inclined more or less inwards or outwards according to the variety of the 
displacement. 

The ankl(^~joint is more fnnpn'ntly spraim'd than any joint in tin' body, and this may 
lead to acute synovitis. In Ihesti c*ases, when the synovial sai' is distendcid with fluid, the 
bulging appc'ars principally in tin* front of tin' joint, Ix'iicath the anterior tendons, and on 
cither sidt', U'tweeii the 'ribialis aiiticiis and the internal lateral ligament on tin* inner 
side, and betw(M*n tin* J*(‘roueus tertiiis and the e\t(n-nal lateral ligament on the outer 
side. In addition to this, bulging often occurs })osteriorly, and a fluctuating swelling may 
be delt'cted on either side of the tendo Aehillis. 

t -hronie synovitis may result from frccpicni sprains, and when once this joint has been 
sprained it is more liabh? to a recurrence of the injury than it was before ; or the synovitis 
may be tuber<Milous in its origin, the disease usually commencing in the astragalus and 
ext(*nding to the joint, though it may eommence in the synovial membrane, the result 
ju'obably of some slight strain in a tiih<*reulous subject. 

I'^xeision of the ankle-joint is not often performed, for two reasons. In the first place, 
disease of tlu'- artieulalion tor whieh this operation is indicated is frequently associated 
with (lis('ast‘ of tin* tarsal hoiu'S, whieh prevents its jMuformaiiee ; and, secondly, the fool 
after i'x<*ision is often of v(‘ry litth* list* ; far less useful, in fact, than it is after Symo’s 
amputation, whieJi is, therefore', a preferable o]x*ration in these cases. 


V. INTKllTAKSAl. ARTICULATIONS (ARTICULATION ES lNTEKTARSK/1^:) 

1. Ahtiuulatjon of thk Os Gaja^is and Astragalus 
(Akticulatjo Talocalcanea) 

'I’lu' nrl iculalions betwt'eii tin* os (talcis and astj'agaJus ai'e two in niinilx'r — 
anterioi’ and posle'iior. Of Hk'sc, (lie anterior forms part of tlie joint betwe(*n 
lli(‘ os ealeis, astragalus, and navicular, and will bti dt'seribed as tli(‘ astragalo- 
eah‘iin<*()-iia vieular ai tieidation. The postt'rior or aslragalo-eaJeanean artu'ula- 
tion is fornu'd l)(*t\\<*i*n (he jiosti'rior and la.rg(*r facet on th(' inh'rior surface of 
(he astiagalus, and (lu* <'xt(*riial facet on the superior surface of the os ealeis. 
1( is ail ardirodial joiu(, and (lie (w(' bonc's an* eonni'cted t«)gether by the 
follow inuf ligaments : 

( Ujisnlai’. Anterior CaleaiK'O-asti’agaloid. 

External ( ’aieaneo-astragaloid. J\>s(erior (‘aleaneo-astragaloid. 

Jntt'rnal OaleaiK’o-astragaJoid. Jiiteiosseous. 

The Capsular Ligament (eapsnla articularis) surrounds the two arlicular 
surfaces, and consists foi’ the most ])art of short fibri's, which are split u]) 
into distinct slips, forming tlie specially named liganu'iits of the articulation ; 
between them theic is only a weak fil)rons investment. 

The External Calcaneo-astragaloid Ligament (lig. taloealeaneum 
laterah') (lig. 47(i) is a shor(, strong fasei(*ulus, passing from (he ()u(er surfac'cof 
(la* as(iagjilns. imnu'diatc'ly b(*nea(h its external fae<*t, to the outer surface of 
the os ealeis. It is placed in front of, but on a dt'cper plane tlian, the middle 
fasciculus of the' I'xtc'rnal lalc'ial liganu'nt of (he ankle-joint, willi the fibres of 
whieh it is paraJh*!. 

'Hk' Internal Calcaneo-astragaloid Ligament (lig. taloealeaneum 
mt'diale) is a hand of libj-es eoimeeting the internal tiibeivh* of tlio back of 
the astragalus with (lie hack of the sustentaculum tali. Its fibres blend with 
those of tlie iuic rioi’ cmlcaneo-navicular ligament. 

The Anterior Calcaneo-astragaloid Ligament (lig. taloealeaneum an- 
teiius) extends from the front and outer surface of the neck of the astragalus 
to the superior surface* of the os c^aleis. It forms the posterior boundary of 
the anterior ealeaiieo-aslragaloid joint, and is sometimes described as tlie 
anterior interosseous Uyawent. 
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The Posterior Calcaneo-astrag^aloid Ligament (lig. taloealcaneuni 
posterius) (fig. 475) connects the external tubercle of the astragalus with 
tJio uppe*r and inner part of tlu^ os calcis ; it is a short band, tlie fibres of wliicli 
radiate from tlicir narrow attaclinient to the astragalus. 

The Interosseous Ligament (lig. talocalcaneum interosseum) (fig. 477) 
forms the chief bond of union betwc^en the bones. It is, in fact, tlie united 
capsular ligaments of the two joints mentioned abov(\ the astragalo-cah^ant'o- 
navicular and the astragalo-calcanean. and consists of two partially united 
layers of fibres, on(‘ belonging to the anterior and tlie other to the posterior 
joint. It is attached by one ext rtmiity to the groove between th(^ articular 

Flo. 478. — Sagittal section ol the right foot near ils inner border, dividing tlie tibia, 
astragalus, iiavicular, inlcrnal eunciforni, and lirsl inctatarsaJ bone, and the lirst 
])lmlanx of the great toe. (After Hraune.) 



facets of the undcT surfaci* of t Ik* astragalus : by the oflK*r, to a- corn'sponding 
d(‘pi'ession on the* upp(‘r surfact* of the os calcis. It is \(‘rv thiedv and sti'ong, 
b(‘ing at h'asl an inch inbr(*adtli from sidi* to side, and s(*rv(‘s to uniU* the os 
calcis and astragalus solidly t()g(‘ther. 

The Synovial Membrane (lig. ISO) lines the cajisule of the joint, and i,'. 
disliiiet from the othiT syiioN'ial mcnibrari(*s of the tarsus. 

Movements. — 'riic inovcnicnts permitted liclwi'cn the astragalus and os calcis 
arc limited to gliding of tin* om; Ikuk* on the otli<*r backwards anci forwards ami 
Ironi side to side. 


2 . Artic ulation of the Astraoalus wjtu tfte Os Oalcis am» Naviculal* 
( A R'ri ( 'V r.A 'no Tai ak 'a j ’ a n I5( > n a v i ( ' u i.a k j s) 

Th(^ articulation between tin* astragalus and navicular is an arthrodial 
joint : the* loundiKl head of the astragalus being received into the* eoneavity 
formed by the post(‘rior surface of the navicular, the* anl(*rior artieular 
surface of the ealeaiK*iim, and the upper sinfaee of the infi'iior ealeaneo- 
navicular ligam<‘nl, which are all directly continuous with each oth(‘r. Then^ 
arc two ligaments in this joint : 

("apsular. Superior Astragalo-navieular. 

The Capsular Ligament (Cjapsula articularis) consists of a lajver of fibre's, 
imperfectly devidoped exc(*pt posteriorly, where it becomes greatly incueasc^d, 
and forms, with a. part of the capsule of the astragalo-ealeanean joint, tli(^ 
strong interosseous ligament which fills in the canal formed by the opposing 
grooves on the os calcis and astragalus, as above mention(*d. 

The Superior Astragalo-navieular Ligament (lig. talonav iculare dor-^ale) 
(tig. 475) is a broad band, w bicdi passes obliquely forw ards fi-oni the neck of tlui 
astragalus to the superior surfacjc of the navicular bone. It is w eak, and thin 
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in texture, and covered by the Extensor tendons. The inferior calcaneo- 
navicular 8Ui)t)lies the place of an inferior ligament. 

The Synovial Membrane lines all parts of the capsule of the joint. 

MovementB.— This artic.ulalion permits of a considerable range of gliding move- 
ments ; its fcehl(‘ c.enstnK'tion allows occasionally of dislocation of the other 
bones of the tarsus Irojii the astragalus. 


3. Auticclatjons of the Os Caj.cis with the Cuboid 
( A rmcuLATio ( •aj.caiseocuboidea) 

The ligaments (connecting the os calcis with the cuboid are five in number : 
Capsular 

Dorsal . Calcaneo-cuboid. 


riantar 


lintonal Calcaimo-cuboid (Intcu'osseous). 
iLong Cahm neo-cuboid. 

Short Calcaneo-cuboid. 


I'lu. 471).- 


higaiiK'nts of plantar hurfacje 
of th(‘ ri,nlit foot. 


Th(‘ Capsular Lig^ament (<la[)sula artieularis) is an imperfectly developed 
Jay(u\ e.onlaining i-ertain strengthened bauds, which form the otlier named 
ligaiiHMits of the joijit. 

1'hc Superior or Dorsal Calcaneo-cuboid Ligament (fig. 476) is a thin 
but broad fasciculus, wWwh passes bet weim the (jonliguoiis surfat;es of the os 

ealcis and (juboid, on the dorsal surfacjc 
of the joint. 

The Internal Calcaneo-cuboid 
(Interosseous) Ligament (fig. 476) 
is a short, hut thi(‘k and strong hand 
of lihi(‘s, ai'ising from the os (taleis, 
in the d(U‘j) Jiollow \\hi(;h intervenes 
bet\v(‘.(m it and the astragalus, and 
el()S(ily bhuided at its origin with tJie 
sup(irior italcaneo-navicadar ligament, 
so as to form with it a V-shafxjd stni(?- 
ture. It is inserU^d into the inner side 
of the cuboid bomi. This ligament 
forms one of the eliief bonds of union 
bet\v(M‘n the first and s(*.cond j*ows of 
tile tarsus. 

The Long Calcaneo-cuboid or 
Long Plantar Ligament (lig. plan- 
lar(' loTigum) (fig. 479), tlie more super- 
Jicial of the two plantar liganumts, is 
tlu^ loiig(\st of all tlie ligameuts of the 
tarsus : it is attaelied to the under 
surfac(* of the os calcis, from near the 
tub(‘rosili(‘S to llit^ antcu-ior tubercle ; 
its fibrils pass forwards to be attached 
to th(* ridge on tlie under surface of 
the cuboid bone, the more superficial 
fibres being continued onwards to the 
bas(\s of th(‘ second, third, and fourth 
iiKdatarsal bones. "Cliis ligament crosses 
the gi'oove on the under surface of the 
(mboid bone, converting it into a canal 
for the passage of tlie tendon of the 
IVroneus longus. 

The Short Calcaneo-cuboid or 
Short Plantar Ligament (lig. cal- 
eaneocuboideum plantare) (fig. 479) 
lies mnirer to the bomvs than the pr(*ceding. from which it is separated by a 
little areolar tissue. It is exceedingly broad, about an incli in length, and 
extends from the tiibende and the depression in front of it, on the fore part 
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of the under surface of the os calcis, to the inferior surface of the cuboid 
bone behind the peroneal groove. 

Synovial Membrane. — ^The synovial membrane in this joint is distinct 
from that of the other tarsal articulations (tig. 480). It lines the inner surface 
of the capsule. 

Movements. — The niovcinents permitted between the os calcis and cuboid arc 
limited to slight gliding movements of the bones upon each otlun*. 

The tranftvrrse tarsal or medio-Larsal jo'nvt is formed by the articulation of the 
os calcis with cuboid, and the articulation of the astragalus with the navic- 
ular. 'Che movemout wdiich takes place in this joint is more extensive than that 
in the other tarsal joints, and consists of a sort of rotation by means of wliicli the 
foot may be slightly flexed or extended, the sole being at the same time carried 
in w^ards (inverted) or outwards (everted). 

4. The Liuamet^ts c!onnectin(j the Os Calcis anj) Navk iijau 

Though these two boiu'S do not diicetly articulate, tlicy are eoniKJctcd 
by t w^o ligaments : 

Siip(u*ior or Exkurial Civlean(‘()'iiavieulai'. 
liifericjr or Internal (.yaleaneo-navieiilav. 

Th(‘ Superior or External Calcaneo-navicular Ligament (lig. ealeaneo- 
iiavieulanj dorsale) (fig. 470) arises, as nlreacly mentioned, with th(^ internal 
ea](!aneo-(Mil)oid in the deep hollow between tlio, astragalus and os eahris ; 
it ])asses forwards from the upper surfaeo of the anterior extremity of the 
os calcis to the outer side of the navi(‘ular bom‘. 'riu^si^ tw'o ligaments resmnble 
the lettcu* Y, being })l(uide-d together behind but se])Mrated in front. 

'J'he Inferior or Internal Calcaneo-navicular Ligament (lig. ealeaneo- 
navieulare plantart') (tig. 470) is by far the larger and stronger of the two 
liganii'nls between those ])ones ; it is a broad and thi(;k band of 1ibn‘S, and 
2 )assos forwards and ijnvards fi‘oin the ant<M*ior jnargin of tbt^ suslcuilaeailum 
tali of th(‘ os (^aleis to the undcu* surface of th(' navieuJar bone. This ligam(‘nt 
not only s(irv<\s to eonneet the os (jahus and navi(;uh*.r, but supports lh(‘ bead 
of the astragalus, forming part of the articudar cavity in whieb it is r(‘eeiv(‘d. 
Th(‘ upper surface presents a fibro-eartilaginous facet, lined by the synovial 
membrane continued from the anterior ealcam'o-astragaloid art hudalioii, 
and ujion this a portion of 1b(^ head of tli('. astragalus n^sts. Tin* uufUr sarfaer 
is in contact w ith tlu^ tendon of the Tibialis posticus muscle ; its inner horde r 
is blended wdtli the fore })art of the ijiternal latcual ligament of the ankle- 
joint, thus (completing the soccket for the head of tb(i astragalus. 

Appiml The inferior e{ik‘amM)-nji\icnlar ligament, by supporting the head 

of the astragalus, is jn’ineipally roneerned in maintaining line arch of th(» foot. When 
it yields, the head of the astragalus is pressed downwards, inwards, and forwards by ilie 
weight of the body, and the foot hecumes tlatUmod, (expanded, and turned outwards, 
and exhihits the eoiidition known na Jlat-fnof. 'i’his ligament contains a eoiisiderahle 
amount of elastic lif)res, so as to giv'c elastieity to tluj arch and spring to the fool ; hence 
it is sometimes called th(' ‘ spring ' ligament. Jt is support r^d, on its under surface, 
by the tendon of the Tibialis jxisticus, w4u(;h spreads out at its insi^rtion into a number of 
fasciculi, which aiH? attached to most of the tarsal and metatarsal hones. This jmwoiits 
undue stretching of the ligament, and is a protection against the occurrence of flat-foot, 
hence muscular wiiakness is, in most cases, the primary cause of the deformity. 

5. The Articulatiom of the NAvreuLAU with the (.’uneifoum 13ones 
(Akticulatio Cuneonavt(ttlakls) 

The iiavicjular is eoimect'ed to the thnns cuneiform bon(\s by : 

Dorsal and Plantar ligaments. 

Tlie Dorsal Ligaments are small, longitudinal bands, arranged as tlircM* 
bundles, one to each of the cuneiform bones. The bundle conmnding the 
navicular with the internal cuneiform -is (jonliuuous round the iniKu* side' 
of the articulation wdth the plantar ligament which connects tliese two 
bones. 
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Tfie Plantar * Ligaments have a similar arrangement to those on the 
dorsum. They are strengthened By processes given olf by the tendon of the 
Tibialis posti(;us. 

The Synovial Membrane of these joints is part of the great tarsal synovial 
membrane. 

Movements. — Mere gliding niovemonts arc permitted between the navicular 
and cimeiforin boju^s. 

n. 'I'llE AUTKUrLATlON OP THE NaVICULAII WITH THE Cl^BOlD 
(A RTHUJLATIO (JXTBOI DEON A VICULAIUS) 

Thf^ iiavi(Milar bone is (iormeeted witli the imboid by : 

Dorsal, I’Jantar, and Interosseous liganuuits. 

Dorsal Ligament <^xtends obliqu(‘ly forwards and outwards fjom 
the navicular to the cuboid bone. 

'l'h(* Plantar Ligament passes ruiarly transversely betw(*(m these two 
boru's. 

'riie Interosseous Ligament <*onsists (d‘ strong transverse fibres, a-nd 
coniKicts the rougli non-art icular portions of the lateral surfaces of thc! tvvT) 
boru'S. 

'ria^ Synovial Membrane of this joint is i)art of the gieat tarsal synovial 
membrane. 

Movements. “ The movements permitted between the navicular and cuboid 
bones are limiti'd to a slight gliding upon eai*h other. 

7. The Autjcplatjon op the (Utneipokm Hones with eaiui othbu 

( \l{TKUTEATlON?:S InTEIHU^NEIPORMES) 

'Plu^st* bones ar(‘. conii('ct(‘d togotluu’ by: 

Doi'sal, LMantar, and 1ijI(m-oss(‘()us ligaments. 

Tin* Dorsal Ligaments consist of two transvtu’sc bands : on(‘ eonneeiing 
tli(‘ internal with middle cuneiform, and the other connecting the middle 
with thc (‘xtcrnal cuiK'ifoi'm. 

Tlie Plantar Ligaments have a, similar anajigenumt to thos(‘ on tb(‘ 
doisum. They an* strcngtbciKHl by jwoccsscs given off from the tendon of 
tin* Tibialis posticus. 

'riic Interosseous Ligaments consist of strojig t?ansAors<* tibres uliicli 
]K»ss l)(*tw(*(*n the lougli nou-articular portions of the lateral suifaees of the 
adjari'iit euneiform b()n(*s. 

Tin* Synovial Membrane of these* joints is pa it of tin* great tarsal synovial 
membran(\ 

Movements.- The ni()V(*mcnts j)crmittcd Ixitwcen the cuneiform bones are 
limited to a slight gliding u])oii <*ach oth(*r. 

S. The Articulation op the External ('itneipor]m Hone with the 

(■ITROll) (.ArTKUtLVTIO ClJNEOCriJOlDEA) 

'rin*si* bnn(*s are comu*ctc(l togctln*!' by: 

Dorsal, I’lantar, and Intm-osscous ligaments. 

The Dorsal Ligament passes transversely b(*twocn the two bones. 

Tin* Plantar Ligament lias a similar arrang(*im*n1 . It is sti-engthened 
by a process given (iff from the tendon of tbe Tibialis posticus. 

The Interosseous Ligament eonsisls of strong transv<‘rse libres which 
connect the adja(;ent rougli non-articular surfaces of tbe two bones. 

The Synovial Membrane of this joint is })art of the great tarsal synovial 
membrane. 

Movements. — The movements permitted bet\vi*en the external euneiform and 
euhoid are limited to a slight gliding iipOii each other. 

Nerve-supply. — All the joints ot the tarsus are supplied by the anterior tibia! 
nerve. 
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Applied AwUomy, — In spite of the great strength of the ligaments which connect the 
tarsal bones together, dislocation at some of the tarsal joints does occasionally occur ; 
though, on account of the spongy chawioter of the bimes, they are more frequently broken 
as the result of violence, than dislocated. When dislocation takes place, it is most 
commonly in connection with the astragalus ; for not only may this bone bo dislocated 
from the tibia and fibula at the ankle-joint, but the other bones may bo dislocated from it, 
the trochlear surfat^o of the bone remaining in situ, in the tibio-fibular mortise. This 
('onstitutes what is known as the suh-fi.<tlmgaloid dislo£5ation. Or, again, the astragalus may 
be dislcKiatod from all its coiinoctious — from tlu^ tibia and fibula above, the os ealc’is below, 
and the navicular in front — and may even undergo a rotation, on either a vertical or 
a horizontaraxis. In the former ease tho long axis of tho bone becoming directed across 
the joint, so that the head faces tho articular sui-foco ou one or other malleolus ; or, in tlie 
latter, tlic^ lateral surfaces becoming dircctc'd upwards and dowiiwarils, so tliat the tn>chlcar 
surfa(5e faces to one or thti other side. Itoduction in thcs(! cases is often very ditticult or 
impossible, and the dis])laced astragalus may thou require removal by o})en operation. 
Uisloeatioii may also occur at the medio-tarsal joint, the anterior tarsa-1 bones being 
luxated from thi^ astragalus and calcaiieuiu. The other tarsal bones are also, occasionally, 
1 hough rarel\% disloi-atcd from their conneetioiis. 


\ 1. TAbSO-ME’l’ATAItSAli 


AUTKThATlONS (A irrua^TiATroN KS 1’AllSOAI ETATAUSEd: i 


Tln‘S(^ are arthrodial joints. The bones c*nt(M‘ing into tludr fonnation arc 
four tarsal Ikjiios, vi/. tlio internal, inid'-lo and (‘xUufial cuneiform, and 
the cuboid, whieli a.rti(;iilal(‘. with the bases of tin* metatarsal bones of the 
tive to(;s. Tlie metatarsal bone of the. threat toe artieulatos with tlu^ internal 
(uineiform ; that of tiui scujond is dcuqdy vvetlgcul in b(d\ve('n the internal and 
oxtm’nal <*.unt5iforms resting against tl\o middle euneiform, and is the most 
strongly artieulat(‘d of all tli(^ metatarsal bones ; tlu’! third metatarsal artieulati^s 
with the external euneiform ; the fourth, witli the emboid and external eunei- 
form ; and t h(‘ tift h, wit h 1 lu^ e.uboid. Th(‘ bones are connected by tbi^ following 
ligaments : 

Dorsal. Plantar. Interosseous. 


The Dorsal Ligaments consist of strong, flat bands, wliieli eonii(?(?t tlie 
tarsal with the metatarsal bom^s. The first m(‘latai*sid is (ronneeted to the 
iritenial ciintdform l)y a singh^ broad, thin baiul ; th(‘ seeond has three* dorsal 
Jigarnenls, one from (*aeh eunt*iform bone ; thi* third lias one from the (‘xt(‘rnal 
cuneiform ; thes fourlli lias two, one from (ho external euneifoiTu and one 
from the euhoid ; and tJie fifth, one from Uk* cuboid. 

'rh(^ Plantar Ligaments consist of longitudinal and olilicjue bands 
eonueetiiig the tarsal and metatarsal bon(*s. but disjiosed with less reg^ularity 
than the dorsal ]igam(*n(s. Those for tJu* fij*st and seeond m(*tatarsaJs are 
the most strongly marki'd ; tin* s(*eoiid and third nK‘tatarsals nu-eive stiong 
bands, wliieli ]iass obliquely across from the internal (‘uiieiform ; the jilantai' 
Jij^ameuts of the fourtli and fifth metatarsrds consist of a f(*\\ fihr(*s derived 
from th(* cuboid. 

Tlie Interosseous Ligaments an* tlin'c in numbiu’ : intm-nal, middle, 
and (ixt(*rna]. Tlu*. internal is the strongest of tiu* thn*e, and passes from the* 
outer surface of the inierrial cuneiform to t-lii^ adjacent angle of tlie seeond 
metatarsal. The middle, less strong tJian tlie pre(‘eding, eonneets the external 
ouiuhfonn with the adjacent angle of the se(*.orid metatarsal, 'riie, external 
connects the outer angle of the external iu4n(*iforni with tin* adjac^ent side of 
tlie third metatarsal. 

The Synovial Membrane between the internal cuneiform bone and 
the first metatarsal is a distinct sac. Tho synovial membrane beAw(*en tho 
middle and external cuneiforms behind, and the stjcond and third metatarsal 
bones in front, is part of th«i great tarsal synovial membrane. Two ])rolonga- 
tions are sent forwards from it, one between the adjacent sides of the siMJorid 
and third and anotJicr between tJiose of the third and fourth metatarsal bones. 
Tho synovial membrane betwoen the cuboid and the fourth and fifth metatarsal 
bon(*s is a distinct sac. From it a prolongation is sent forw'ards between tlie 
fourth and fiftli metatarsal bones. 

Movements. — The movements permitted between the tarsal and metatarsal 
bones are limited to slight gliding movements of ^the bones upon each 
other. 


G G 
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VIT. INTEKMETATARSAL ARTICULATIONS fAllTICULATIONES INTERMETATARSE/^:) 

Tlifi base of the lirst Rietaiarsal is not eoii^eeted with the second metatarsal 
by any ligaments ; in this respect the great too resembles the thumb. 

The bases of the four outer metatarsals are connected by dorsal, plantar, 
and interosseous ligaments. 

The Dorsal Ligaments pass transversely between the dorsal surfaeiss of 
the adjacent metatarsal bones. 

The Plantar Ligaments liavc a similar arrangement- to tliose on the 
dorsum. 

The Interosseous Ligaments consist of strong transverse fibres v hich 
pass between the rougli non-articiilar portions of tJje lateral surfat^es. 

The Synovial Membranes bet wecm the second ami tliird, and that bet\\(‘en 
tlie third and fourth nudatarsal bones are part of the great tarsal synovial 
membrane; that between the fourth and fifth is a prolongation of the synovial 
membrane of the eubo-metatarsal joint. 

Movements. — TJio movement ])crmitted in the tarsal (mds of the metatarsal 
l)oiies is limited to a slight gliding of tlie artieiilar surfaees upon one another. 

The digital extremities of all the nn‘tatarsal boru's ar(M‘oiiiieeted together 
by tlie tmihsverMC imtaUirml ligament, 

'I'he Transverse Metatarsal Ligament is a nairow band \n Inch })nsses 
iransversely across the anterior (‘xtremities of all the metatarsal bones, 
eonneeting them together. It is blend(‘d anteriorly uith the plantar (glenoid) 
ligaments of tin* jnetatarso-jdialangeal articulations ; to its jmsterior liorder 
is connected the fascia covering tin' Interosseous »)iuseles. Its inferior surfa(*e 
is concave vhere the Flexor tendons run below it; abo\e it the tendons of 
the liiti'rosseoiis miis(!l(‘s pass to their insertion. It differs from the transvf'jse 
?n(*laearpal ligann'iit in that it is attax'ln^d to the first digit and connects it 
vif h the others. 

Thr SvNovrAL Membhanrs ln the Tarsal and Metatarsal Joints 

'rin' Synovial Membranes (fig. 480) found in the artieulatioiis of Ihe 
tarsus and metatarsus are six in number: one for the i)osterioi* (jalcarieo- 
astiagaloid articulation ; a second for the anterior ealcaneo-aslragaloid 
and tln^ astragalo-navicular artkailatioiis ; a third for the ealeaneo-euboid 
articulation ; and a fourth for the articulations of the navicular with the 


480. — Of)lique section of tlit) arti( ulations of the tarsus and metatarsus. 
►Showing the six synovial membranes. 



ttiree cuneiforms, the Ihi’ee cuneiforms with each other, the external cuneiform 
with the cuboid, and the middle and external cuneiforms with the bases of 
the second and third metatarsal bones, and the lateral surfaces of the second, 
third, and fourth metatarsal bones with each other ; a fifth for the inti^rnal 
cuneiform w ith the metatarsal bone of the great toe ; and a sixth for the 
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arti(;ulation of euboiJ witli the fourth and fifth metatarsal bones. A 
small synovial membrane is sornej^mes found between the contiguous surface's 
of the navicular and cuboid bones. 

Nerve-supply. — The nerves supplying the tarso-metatarsal joints are derived 
from the anterior tihial. 

VIIT. METATARSO-P1IATjAN(iEAL ARTICULATrONS (ARTICULATIONES 
METATARSOPHALANaE,‘E) 

I'lic inetatarso-]dialangcal carticmlations arx- of tlic. condyloifi kind, formed 
by th(', reception of tlie I’ouTuh'd iieads r)f tlu^ malatarsal bojies into shallow 
cavities in the extrei}iities of the iirst phalanges. 

Tli(' ligaments are ; 

Plantar. Two Lateral. 

The Plantar Ligaments ((Uenoid ligaments of C’ruvcdlhier) are thick, 
dense, libroiis struct iires. Th(\v are ])laced on tlu' plantar surfaces of the 
joints in tlu^ intervals between tlu' lateral liganuMils, to which they arc^ 
connected ; tli(‘v arc loosely united to th(‘ nedatarsal bon(‘s, but \'ery firmly to 
tht‘ bas(‘S of th(‘ lirsl ])halanges. ^rh(‘ir plantar surfaces ;ne intimately blended 
with the (ransv<nse nudatarsal ligament, and prt'sent grooves for the jjassage 
of the Flexor tendons, the sheaths siirniunding whicl) ar(' eonncidt'd to1h(‘ sides 
of th(' grooves. TIuhr d(*<'p surfac(‘s form parts of tlu‘ articular facets tor llu* 
heads (»f the n (‘tatarsal bones, and aie lined by synovial meinbratie. 

'Fhe Lateral Ligaments are strong, roundt'd cords, placed one on (‘it her 
side' of ea('h joint, and attached, by one (‘xtrennity, to the posterior tiibendc*. 
on the sid(^ of the head of Iht^ jiietatarsal hoiu', and, hy the other, to tlu' 
contiguous (‘xtremity of the ])halanx. 

The ]daec of a Dorsal Li<jawwl is su()pli(‘d hy tlu* Ext(‘nsor tendon on the 
hack of each joint. 

Movements. — The inov(*inents ])erniitted in the nu'tatarso-piialangc'al articu- 
lations arc flc'xion, cxtcMision, abduction, and adduction. 

IX. lNTERr?TAEAN(JKAL AUTICULATIOXS (AimCUEATlONES DKUTORUM PEDIS) 

^riit^ articulations of the ])halangeH are giiiglymoid joints. 

Tile ligamcMits are : 

I^lantai*. Two Lat(*ral. 

l'h(‘ arrangeTiu'nt of these ligamemts is similar to tliat in the metatarso- 
])hMlang(*Ml articulations : the Extemsor terdon supplii's tlic place of a doisal 
ligament . 

Movements. TIkj only niovcincnts permitted in the phalangeal joints are 
Ih-xion aii-.l (‘xtension : these movcMuenls are more extensive l>et\veen the first 
and second phalanges than between the second and third. The amount of flexion 
is very tMuisidcrahle, hut ext(*nsion is limitc*d hv the plantar and lateral ligaments. 

Surfarr Form. — I'lie principal joints which it is nece-ssary to disliiiguish, with regard 
to the siirg(^ry of the, fool, are the mid-tarsal and the I arh(;- metatarsal ; the mid-tarsal 
joint consists of tin* astragalo-navicnlar and calcanco-ciiboid arlicnlalions. The joint 
between the astragalus and the navicular lies iminedi.itely behind the liiherele of the lattt'v 
hone. If the foot be grasped and foreilily c'xttmded, a rounded ]jrominen(*e, the head of 
tJie astragalus, appears on the inner side* of the dorsum in front of the ankJ(‘.-j()int, and 
if a luiifc were carried doAvnwards, just in front of this firominenee and beliind the line 
of the navicular tiiberele, it would (‘liter tlie astragalo -navicular joint. The ealeaiieo- 
cuboid joint is situatc^d midway helwoen the external malleolus and llu^ prominent base 
of the fifth motatarsal bone. The* plane of the joint is in tin; same line as that of the 
astragalo -navicular. The position of the joint lietw'eeii the fifth metatarsal bone and the 
cuboid is easily found by the projection of the base of the fifth metatarsal bone, w'bitjh 
i.s the guide to it. The direction of flie line of the joint is very oblique, so that, if 
continued inwards, it w^ould pass through the inner side of the liead of the first metatarsal 
bone. The joints b(!tw^et*n the third and fourth metatarsal bont‘-s and the cuboid and 
external cuneiform are the direct continuation inwards of the previous joint, but their 
planes are less oblique. The tarso-metatarsal articulation of the great toe corresponefe to 
a groove which can be felt by making firm pressure on the inner side of th() foot one inch 
in front of the tubercle on the navicular bone ; and the joint between the second 
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metatarfcial bone and the middle cuneiform is to be found on the dorsum of the foot, lialf 
an inch behind the level of the tar6o-metatai*sal joint of the great toe. The line of the 
joints between the metatarsal bones and the first phalanges is about an inch behind the 
webs of the corresponding toes. 

Applied Anatomy . — (lout ijcculiarly affects the metatarso- phalangeal joint of the big 
toe. beginning with the dci)osit of sodium and caleium urates in llic cartilage on Hie 
bones forming the joint, and slow necrosis of the surrounding tissue. Later the (dreum- 
articulai* filiroiis tissue becomes the seat of these gouty deposits, and considerable 
thickening and deformity may result. The other chief joint -affections, such as 
rheumatism, gonorrha'al arthritis, tulKWculosis, or syjihilis, coinpaial ively seldom attack 
tlie big toe joint. 


Arcites ok ’riiE Foo i' 

In order to allow ol its supporting rbe woiglit of the body in the (u*ect posture 
with tb(^ least expenditure of niaterial, the foot is constructed of a stiries of areh(‘S 
wJiieh are foT-med by the tarsal and metatarsal bones, but are strengtheTHH] by tlu* 
ligaments and tendons of the foot. 

The main arclies are tb(^ antoro-jiosterior areiies, wliieli may, for descrii^tive 
purposes, be regardcMl as divisible into two types — an inner and an outer. The 
inner arch (see tig. 117, page 303) is made up by the os ealeis, the astragalus, 
the navicular, the three i*unei forms, and the inner three nndatarsals. Its summit 
is at tluj superior artieiilar siirla<*e of the astragalus, and its two extrcMriities or 
piers, on which it rests in standing, are the tubercles on the inferior surface, of 
the os ealeis posteriorly Jind the lieads of the inner three metatarsal bones 
anteriorly. Tin* cbi(*.f eliaraet eristic of this areb is its elastieity, due to its 
beight< and to the number of small joints ladwiaui its eoniponent jiarts. Its 
weakest ])ait, i.e. tb(‘ part where it is most liable to yield from over-pnvssurc, is 
the joint between the astragalus and na\ieuhir, but this portion is braced by the, 
inferior ealeaneo-iiavieular ligament which is elastic a.nd is thus able to (juiekly 
restore tlic arch to irs jnistine condition when the disturbing force is removed. 
This ligament is supported internally by blending with the internal lateral ligament 
of the ankle-joint and inferiorly by the tendon of the Tibialis posticus which is 
spread out in a fan-sJiaped insertioif, and prevents undue tension of the ligament 
or siicli ail amount of stietebing as would permaueutly elongate it. The arch is 
further supjiorted by the plantar fascia, liy the small muscles in the sole of the 
foot, by the tendons of tlic Tiliiales anticus et posticus and Peromuis longus, and 
by the ligaments of all the articulations involved. The oulcr arch (see fig. 418. 
})age 3(»3) is eomposiid of the os ealeis, tlie cuboid, and the fourth and fifth meta- 
tarsals. Its summit is at the caleaiieo-astragaloid articulation, and its chief joint 
is the ealcaneo-cubohl, which ])ossesses a special mechanism for locddiig and allows 
only a limited movonmnt. The most marked features of this arch are its solidity 
and its flight ol(‘vation ; two strong ligaments, th(‘ bmg and short inferior 
calcaneo-culxtid, togi'tber \\ith the outer Extensor tendons and the short niuscli‘s 
of the little toe, preMirve its int ogriiy. 

While thi*se inner and outer arclies may be readily demonstrated as tin' 
component an ten;- posterior arches of the foot, yet Wxv, iundamenlal lonffitudinal 
arch is contributed to by both, and consists of the os ealeis, cuboid, external 
cuneiform, and.iliird metatarsal : all the other boni5S of the foot ]uay be removed 
without destroying ibis arch. 

In addition to the longitudinal arches the foot ])r(‘,senls a series ol transverse 
arches. At the liindcr part of the metatarsus and the anterior part f)f the tarsus 
the arcings arc complete, but in tin* middle of the tarsus they pnisent more tlic^ 
characters <d half-domes the concavities of which are directed downwards and 
inwards, so that when the iimc*r borders ol the feet arc placcnl in apposition a 
complete tarsal dome is formed. The transverse arehc'S are stremgthened by the. 
interosseous, plantar and dorsal ligaments, by the sbot|f muscles of the first, 
and fifth to(‘s (i*.spceially the Adductcjr transve^rsus hallucis), and by the Peroneus 
longus, whose i».Mid<»n stretches across liet wcen the piers of the arches. 
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T HP] Musclos are eoimctJietl with the bones, earlilaj^es, ligaments, and 
skin, (‘ither dirt^et-ly or through the int(‘r\ ention of fibrous structures, 
called tendons or aj>oncuroses. Where a muscle is attached to bone or 
cartilage, the fibres terminate in blunt extremities upon the periosteum 
or })eric*hondiium, and do not come into direct relation with the osseous or 
cartilaginous tissue. Wliere muscles arc^ conne(*leci with the skin, they lie 
as a tlatt(ined layer beneath it, and are cojinccted with its angular tissue by 
laigei* or smaller binidles of fibres, as in tie* muscic^s of the fa('e. 

'riie muscles vary extitmiely in their lorm. In the limbs, they an^ of 
considerable length, (^sj)e('ially the mon^ superficial ones ; they surround the 
bones, and oonstitut('. an important protection to llie various joints. In the 
trunk, they are broad, flatteiuKl, and (expanded, forming th(‘/ parietc^s of tho 
cavities which tJiey eruilose. H<Mice the reason of the terms, lomj, hroad, n/iort, 
&c., us(‘d in the deserij)tion t)f a muscle. 

There, is consid(nal)le variation in th(‘ arrangement of the Jibres of c(nlain 
muscles with refenmci* to tin* temdons to wliieh they are attached. In some, 
mus(*les the fibres are ])arall(il and run din^etly from their origin to tlicir 
insertion ; these, are ([iiadrilateral muscles, such a-s the Thyro-hyoid. A 
modification of tiu'so is found in the fusiform muscles, in which the fibn^s are 
not quite parallel, but slightly eurve<l, so that the niiisole tapeis at (uthei* end; 
in their actiojis, however, tlicy resemble tlu^ (juadiilateral muscles. Secondly, 
in otliej* muscles the fibres are eonvorgeiit ; arising by a broad origin, they 
cionverge to a narrow or pointed insertion. This arrangement of fibres is found 
in the triangular mu s(;les e.g. the. Temporal. In so me muscles, which otherwise 
would belong to the quadrilateral or triangular ty])e. th(i origin and iiisorlion 
ar<^ not in the same ])lane, but the plane of tlie line of origin intersects that 
of the iiri(^ of insertion : such is the case in the Peetineus inuschi. Thirdly, in 
some jiniscles the fibres arc? oblique and converge, like? the plumes of a quill 
p(?n, to one side of a t,(?ndoii wliieh runs the? entire length of the muscle. Such 
i .iiiscles are rhondioidal or penniform, as the Peronei. A modification of ihest? 
riiomboidal muscles is found in t.hosi‘ (?ases where ohliejiie fibres converge to 
both sides of a ec'ntral tendon which runs down t he middle, of the musole ; 
these are called bipeiiniform, and an e.xample is aiT()rd(?d in theUcctus femoris. 
Finally, avc have muscles in which ilio fibres arc arranged in curved bundles 
in one or more plari(?s, as in the Sphincter muscles. The arrangement of 
the fibres is of eonsid(*,rable importance in res[)eet to the relative? strength 
and range of movement of tlu? muscle. Those, muscles whore the fibres are 
long and few in number have great range, but diminished strength ; where; 
on the other hand, the fibres are short and more numoroiis, there is great 
pow'er, but lessened range. 

The names apfiliod to the various muscles liave heen derived : 1, from their 
situation, as the Tiliialis, Radiulis, Uhiads, Peroueus ; 2, from their direetioii, as 
the Rectus abdominis, Obliqiii capitis, Transversalis ; 3, from their uses, as Flexors, 

* The Mustslcs and Fa.sciaj are do.‘*cribed eonjoinlly, in onlertljati the student may consider 
1 ho arranfiement of the latter ill his dissection of the former. It is rare lor tlio student of 
anatomy in this country to have the opportunity of dissecting the fascia? separately; and it is 
for this reason, as well as from tiie close connection that exists between the, muscles and their 
investing sheaths, that they arc considered together. {Some general observations are iii>t 
made on the anatomy of the muscles and fasciae, the sjiccial descriptions being given in 
connection witli the different regions. 
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Extensors, Abduclors, &c. ; 4, from their sluipc, as the Deltoid, Trapezius. 
Rhomboideiis ; f), from the jiumber of their divisions, as the Biceps, and Triceps ; 
6, from their points of attachment, as the Stcrno-cloido-niastoid, Sterno-hyoid, 
Sterno-thyroid. 

In the description of a muscle, the term iwiijin is meant to imply its inore fixed 
or central attachment ; and tlie term iyisertion the movable point on which the 
foice of th(‘. muscle is applied ; }>ut the origin is absolutely fixed in only a very 
small number of muscles, such as those of the face which are attached by om‘ 
extremity to the bone, ajid by the other to the movabh^ iutegument ; in the greater 
number, the Tmiscl(‘ can be made to act from either (’xtiemitv. 

In the dissection of the muscles, the student should pay es})ecial attention to 
the exact orufin, insertion, and actions of each, and its more imjiortant 'relations 
Nsitli surrounding parts. Wliile accurati' knowledge of the points of attachment of 
the muscles is of great importance in the determination of their actions, it is not to 
be regarded as conclusive. Tlui action ol a muscle deduced from its attachments, 
or (‘ven by pulling on it in the dead subject, is not necessarily its action in tin* 
Jiving. By jmlling, for example, on the Brachio-radialis in the cadaver the hand 
may be slightly supinated wlien in the ]»rone position and slightly pronated vvIkmi 
in th(i^supim* ])osition, but there is no evidence that tliese actions are perform(‘d 
by the muscle during life. If is impossible for an individual to throw into action 
any one muscle ; in other words, movements, not muscles, are represented in the 
central nervous system. To carry out a movement a definite combination ol 
muscl(‘s is called into play, and the individual has no power either to l(‘ave out a 
muscle from this combination, or to add one to it. One (or more) muscle of the 
combination is the chief moving force; when this muscle passes over more than 
one joint other muscles (synergic muscles) come into play to iidiibit the m<»ve- 
ments not recpiired : a third set of muscles (fixation muscles) fix the liml)- i.c. in 
the case of the limb-!no\ (‘rnents - and also ])revent disturbances of the erjuilibriuin 
of the body generally. As an exam]>le. the movement of tin; closing of the fi.st 
may lx* consid(*red : (1) tin* prime movers are the Flexorcs digitorum. Flexor longus 
poliicis, and tin* small muscles of tin* thuml) : (2) the synergic muscles are tin* 
Extensores carpi, which pr(‘ven1 flexion of the. wrist ; while (3) tin; fixation muscles 
ar(* the Biceps and Triceps, whi(*li .stead\ the elbow and shoulder. InrtJier point 
which must lie borne in mind in considering tin; actions of muscl(*s is that in 
certain posiiions a movenioiit can be effected by gravity, and in such a case tin* 
niu.scles acting are the antagonistsof those* vvbichmight besup])()sed to be in action. 
Thus ill flexing the trunk when no resistance is interposed th(* Er(;etores spina* 
contract to regulate the action of gravity, and the Recti abdominis are relaxed.* 

By a consideration of the action of the muscles, the surgeon is able to explain 
the causes of dis|)laceineut in various forms of fracture, and the causes which 
])roduce distortion in various deformities, and, couseqin*ntly, to adopt iij)propriate 
treatment in each case. The r(*lations, also, of some of the muscles, especially 
those; in immediate apposition witli tin* larger’ blood- voss(;ls, and the surface*- 
markings they prexluce, sheudd be carefully reTTn*rnben*d, as they feirm useful 
guides in the application of ligatures to the)se ve'ssels. 

Applied fDegcne;ration of muscular tissue is impe>rtant clinically, and is 

met Avith in two mam e*emeTiti(>iis. In one, the degeneration is myopathie*, or primary in 
the muse*Ie;s themselves ; in the other it is nenirojiathie*, or secondary to some* le^sion of the* 
nervous system — a haemenThage into tlie brain, for example, or injury or inflammation of 
seme j)arf of the spinal e*e)rd or peripheral nerves. In either case me)re' en’ less paralysis 
anel atro])liv of the affeerted muscles re*sult. When the degeneration begins primarily in 
the musele-i, liowever, it oftem haj)fH*ris that though the mu se*le -fibres waste aw'ay, their 
place is t.ik(*ii by fibrous and fatty tissue to such an extent that the afTeeted jiuiscles 
increase in v(»lume, and actually aj)pear to hypertrophy. 

t)ssifi(!a tioTi ol uniseular tissue as a result of rejKjated strain or injury is not infrefjuent. 
It is ottcncsl found about the tendon of the Adduetor longus and Vastus interims in horse- 
men. or in tlx* Peeunalis major and Deltoid of soldiers. It may take the form of exostoses 
firmly fixed to the bone- -e.g ' rider’s bone ’ on the femur (page573) — or of layers or sjiicules 
of bone lying in tlx niuscles or their fascia* and tendons. Busse states that these bemy 
deposits are preeeded by a hiemorrhagie myositis due to injury, the etfused blood organising 
and being finally converted into bone. In the rarer disease, progressive myositis ossificans, 

♦ Consult in this connection the (’roonian lj<*elure.s (lUO.’l) on * Muscular Movements and 
their representation in the Central Ner\ous Sy.steni,’ by Cliarles E. llccvor. M.D. 
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Uiero js fin unexplained tendency for practically any of the voluntary muscles to become 
(converted into solid and brittle bony masses which are completely rigid. 

Tcnilon,^ are white, glistening, fibrous cords, varying in length and thick - 
nc^ss, sometimes round, sometimes flattened, of considerable length, and 
devoid of elasticity. They consist almost entirely of white fibrous tissue, 
the fibrils of Mliieh have an undulating course parallel with each other and 
an* firmly united together. They are very sparingly supplied with blood- 
vessels, the smaller tendons ])resenting in their interior no trace of tlicrn. 
Nei\'es supplying tendons have special modifications of their terminal fibres, 
named organs of Golgi (s(*e page 62). The tendons consist principally of 
a substance which yields gelatin. 

AponvMrosos are flatteiu^d or ribbon-shaped tendons, of a pearly- white 
colour, iridcsciuit, glistening, and similar in structure to the tendons. They 
mv only sparingly si.ipplied with blood-vessels. 

The tendfms and aponeuroses are connected, on the one hand, with the 
muscles, and, on tht* otlu^r liand, with the* movable structures, as the bones, 
cartilages, ligaments, and fibrous membranes (for instance, the sclera). 
Where tlu^ muscular fibres are in a direct line with those of the tendon or 
aponeurosis, the two are direcdly eontmiious, the muscular fibre being 
distinguishable from that of the tendon only by its sti*iation. But when* the 
muscular fibres join the tendon or aponeurosis at an obIi((ue angle, the former 
terminate, according to Kdlliktu*, in rounded extremities vvhieli an^ rec.eivt'd 
into corresponding (le]wcssions on tlie surface of the latter, the eomieetivc 
tissue betwee.n the fibres Ixung (jontinuous with that of th(* tendon. Tlu* 
Im11(‘i* mode of attacliment occurs in all the ]>(uiniforin and bipcumifoi m muscles, 
and ill tlios(* musolos iJie tendons of wliieh eommenec in a membranous 
form, as the (histroenemius and Soleus. 

'Fhe fa-scuv arc^ fibro- areolar or aponeurotic lamina*, of variable thicknc'ss 
and strenglh, found in all legions of tlu? body, inv(\sting the softtw and more 
delicate* organs. The fascia*, have been subdivided, from tlie situations in 
^\hiell they an* found, into two groups, superfie/ial and deep. 

TJie •wporticifd fa,sria is found immediately beneath the integument over 
allhost tJic* entire surfae(5 of the body. It eoiinei^ts the skin with the deep 
faseiii, and consists of fil)ro-ar<*()lar tissue, eontaining in its meshes ])ellieles 
of fat in varying quantity. In thc^ eyc^lids and scrotum, wlien* fat is rarely 
d(*j)osited, this tissue is very liable to serous iiifiltralion. The suijorfieial 
fascia varies in thie-kness in difl'erciit ])arts of tin* body ; in the groin it is 
so thick as to be capable of being subdividt^d into several lamina). Bencatl. 
the fatty layer of tlie superficial fascia, whicli is immediately subcutaneous, 
tliere is geii(*rally anotlier layer of the same stnatture, eomparatively devoid 
of adipose tissue, in Inch tlu^ trunks of ihe subcutaneous vessels and nerves 
ar<* found, as the sujierfieial eiiigastric vessels in the abdominal region, the 
; i])erfici,il veins in tlie forearm, the sajihenous veins in the leg and 
thigh, and the superficial lymphatic; glands. (Certain cutaneous muscles also 
an* situat(;d in the su})erfieial fascia, as the Plalysma in tlie neck, and the 
Orbicularis palpebrarum around the eyelids. 'Fliis fii^seia is most distinct^ 
at the lower part of the abdomen, the scrotum, pcrinaciim, and extremities ; 
it is very thin in tliose regions ^^]lere muscular fibres are inserted into the 
integument, as on tJie side of the n(*ek, the face, and around the margin of 
the anus. It is very densi* in tJie scalp, in the palms of the Jiaiids, and soles 
of the feet, forming a fibro-fatty layer, wliicb binds the integument firmly to 
the underlying structures. 

TJie superficial fascia eoniieets the skin to tlie subjacent parts, facilitates 
the movement of the skin, serves as a soft nidus for the passage of vessels 
and nerves to the integnnienl, and retains the warmth of the body, since the 
fat contained in its areola) is a bad conductor of heat. 

The deep fascia is a dense, inelastic, unyielding fibrous membrane, forming 
sheaths for the muscles, and in some cases affording them broad surfa(;es 
for attachment. It consists of shining tendinous fibres, placed parallel A\ith 
one another, and connected together by other fibres disposed in a rectilinear 
manner. It forms a strong investment which not only binds d(jwn 
collectively the muscles in each region, but gives a separate sheath lo each, 
as well as to the vessels and nerves. The fascia* arc* thick in unprotected 
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situations, as on the outer side of a limb, and thinner on the inner side* 
The deep faecise assist the muscles in their actions, by the dcg^ of tension 
and pressure they mahe upon their surfaces ; and, in certain situations, 
where they are strengthened by the presence m them of degenerated 
muscular fibres which have become converted into fibrous sheets, the degiw 
of tension and pressure is regulated by the associated muscles, as, for instance, 
by the Tensor fasciue femoris and (iluteus n^aximus in the tliigh, by the Biceps 
in the upper and lower extremities, and Palmaris longus in the hand. In 
the limbs, the fascia? not only invest the entire limb, but give off septa which 
separate the various muscles, and are attached beneath to the periosteum : 
these prolongations of fasciae arc usually spoken of as inl<*rmuBculjir septa. 

The Muscles and Fascia* may be airanged, acM'ordmg to the general dnision 
of the body, into iJiose of the crajiium, face, and neck ; those of the tiunk ; 
those of the upper extremity ; and those of the lower (extremity. 


MUSCLES AND FASCLE OF THE (.‘HANIUM AND FACE 


The Muscles of the (Vaniuni and Face' consist of ten groups, aiiiinoed 
according to the region in ^^hIch tlu^^ are situated. 


I. Cranial Region. 
II. AiirieuLar Region. 

III. Palpebral Region 

IV. Orbital Region. 

V. Nasal Region. 


VI. Maxillary Region. 

VII. Mandibular Region. 

VIII. Intermaxillary Region. 

IX. Temporo-mandibular R(‘gion. 

X. Pteryg(>-mandibular Region. 


of these groups arc tlie following : 


The muscles eontairied in each 

1, Cranial Jiegion. 

Occi pit o-f rout alis. 

IL Aurienfar livqion, 

A^ttrahens auric ulam. - 
Attollens aiiriculam. 

Retra liens auricula m. 

III. Palpehral Region. 
Orbicularis ijalpe.brarum.'''ri'v.. * 
Tensor tarsi. 

Corrugator supercilii. 

I V. Orbital Region, 

Jjc valor paliicbroe su])erioris 
Rectus superior. 

Rectus inferior. 

Rectus intern us. 

Rectus ext(?rnus. 

Obliquus oculi superior, 

Obliquus oculi inferior. 

F. Nasal Reaion. 
Pyramidalis-n««i. 

LevatTor labii superioris alwque nasi 
Dilatator riaris posterior. 

Dilatator naris anterior. 


Compressor naris. 

Compressor narium minor. 
Depressor ala* nasi. 

17. Mnxillarg Region. 
Levator labii superioris proprius. 

Levatomnguli *€H*iH. , 

Zygomaticus major. 

Zy gomaticus minor. 

VII. Mandibular Regi(ni. 
Le^mtor pienti. 7 v^jl,v 

hifet^toris. 

Depressor angiili oris. 

VI II. Intermfixillary Region. 
Orbicularis oris. 

Buccinator. 

Risorius. 

IX, Temporo-mandibular Region, 
MasB(*ler. 

'Femporal..’ 

A’. IHerygo-iimndihular Region. 
Pterygoideus externus. 
l^terygoidcus internus. 


I. CuANiAi. Region 
Occipito-frontalis 

The superficial fascia in the cranial region ia..a firm 4 . ^ 

layer . iQtmx«die]y^ adherent to the integument, and to the Occipito-frontalis 
andiis tendinous aponeurosis ; itJajSontinupuSj^^ with the sujierficial 
fascia at the back part of i he neck ; is continued over the 

temporal fascia. It ..cojitaius between its layers the superficial vessels and 
nerves and much granular fat. 




layer, which c^yers the whole of one side of the vertex of tfiS sfiaill, Irom^e * 
occiput to the eyebrow. It consjets o f two muscular bellies, oomieoted by an 
intervening tendinous aponeurosis, tbe epicranial aponeurosis. The occipi tal 
porUgisu(m occipitalis) is thin, quadrilateral in form, and about an "iS'6'h and 
a ball in length ; it fiom the outer two- thirds of the superior curved >v* 

hue of the occipital "boiu'Tand from the mastoid portion of the temporal. Ita 


Fig. 481. — ^Muacle®! of the head, face, and neck. 



hbics of oiigin are teiidiuoub, but they soon become musculai, and asemd in 
a paiallel diiection to tei inmate in the tendinous aponeurosis. The rro ntal 
purlioji (m frontalis) is thin, of a quadrilateral foini, and mt uuately adbSreiit 
to the bupcrfieial fascia. li^is bioadci, and its fibics are longer and paler 
m ooloui than those of the ocupital poition. It has no bony nttaehments. 
fts iritOTiaLJBJbBBS are continuous with those of the Pyraniidali*- nasi, ite 
ijUlddlfi.iibrea become blended wnth the Conugator supeiciJii and Orbicularis 
p*dpebrara;ja ; and the pu^^r fibres are also blended witJi the latiei muscle 
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over the external angular process. From thesp attachme ats tbe^fibr e^s are 
directed upwards, and join the ^gagiaosis below the coronal suture. The 
inner :in.^;rgm3 of the frontal portions of the two muscles are joined together for 
some distance above the root of the nose ; but bet^veen tlie occipital portions 
there is a considerable, though variable, interval, which is occupied by the 
aponeurosis. 

Tiie epicranial aponeurosis (fjhilea apaneurolto) uQ^rs the uppc^* part 
of the vert(^x of the skull, being continuous across the middle line Avith the 
aponeurosis of the opi)Osite muscle. Behin d. j.t hu^ttached, in the interval 
between the occipital origins, to the occipital protuberance and highest 
lines of the occipital bone : in fron t., it. toms a short and narrow prolongation 
between the frontal portions. On either side it gives or imn to the Attollens 
and Attrahens muscles of the pinna ; in this situation it loses its aponeurotic 
character, and is ^pontinued over the temporal fascia to the zygoma as a layer 
of laminated areolar tissue. This aponeurosis is closely conneclpd .to„tho 
integument by the firrUj densp, fibrp;fatty layer AA’hich forms th^^ superfieial 
f Scia : iti^iiL^fiOniiected with the })erioramum by loose cellular tissue, whic;h 
allows of a considerable degree of movement of the aponeurosis, carrying 
^wjtli it the integument. 

r " Nerves. — The ij-pntal, portion is supplied by tlie temporal hraiiehes of the facial 
nyrve ; the occipital portion by tJm4iostcrior auricular branch of tlic .^ame nerve. 

Actions. — XlLii^autal portion of the muscle raises th,e.,eyjlihro>vs and the skin 
o.Y£r the root of the nose, and at the same time draws the,, scali) forwards, throwing 
the integument of the forehead into transverse wrinkles. Xte 
draws tin* scalp backwards. By bringing alternately into action the frontal and 
occipital portions the cnilire seal}) may be moved forwards and backwards. In 
the ordinary action of the. muscles, the eyebrows are elevated, and at the same 
time the aponeurosis is fixed by the posterior portion, thus giving to the face the 
ex})ression of surprise : if the action be exaggerati'd, the eyiibrows arii still 
further raised, aiid the skin of the forehead thrown into transverse wrinkles, as 
ill the expression of fright or hoxror. 

Applied Anatomy. --Froin an anatomical point of view, the sealj) (consists of five Jaj'^ers. 
viz. the skin, subcutaneous tissue, Oeeipiio-frontalis muscle and its aponeurosis, sub- 
apoiieui’otie oormeetive tissue, and pericranium. But from a surgical standpoint it is 
better to regard the first, three of these structures as a single layer, since they are all 
intimately fused together, and when torn off in an ac;eident, or turned down as a tlap in 
a surgical operation, re.inairi tirinly coiincetcd to each other. In conscqueiK^e of the 
dense character of tin* subcutaneous tissue, the amount of swelling which occurs as the 
result of intiamiiiation is slight ; and the edges of a wound which does not involve the 
Oeeipito-frontalis muscle or its aponeurosis do not gajie. The blood-vessels, also, which 
lie in this tissue, hen m ounded, are unable to contract and retract freely ; and therefon* 
the htemorrhage from scalp wounds is often very considerable, but can always be arrcstcfl 
by pressure — a matter of great importance, as it is often A'ery difficult or impossible to 
pick up witli fonjc'ps a wounded vessel in the scalp. 

Tlie subapont'iurotic connective tissue is, from a surgical point of view, of considerable 
importance. It is loost? and lax, and is easily torn through ; and hence, when a flap 
wound occurs in the scalp, this is the tissue which is torn when the flap is separated from 
the parts beneath. The vessels are therefore torn down with the flap, and there is little 
risk of sloughing, unless the vitality of the part has been actually destroyed by the injury. 
In consequence of its loose nature and feeble vitality, any septic inflammation is apt 
to assume a very diffuse form and spread all over the skull, and, unless relieved by timely 
incisions may lead tf> serious complications. Owing to the attachments of the aponeurosis 
to the zygoma and highest curved line, subaponeurotic eifusions sag down in these situa- 
tions, but do not extend beyond to the zygomatic fossa or into the neck ; but anteriorly, 
where there is no definite attachment to bone, the effusion will pass down over the nose, 
and into the eyelids. When making incisions into the scalp, care should be taken to avoid 
the course of the main arteries. 

The skin of the scalp is abundantly supplied with sebaceous and sudoriparous glands. 
The former arc soiuclimes the seat of cystic enlargement, constituting the so-called sebaceous 
cysts or wens. 

II. Auriculak Region (fig. 481) 

Attrahens auriculam. Attollens auriculam. 

Retraheiis auriculam. 

These three small muscles are placed immediately beneath the skin around 
the jiinna. In man, in whom the pinna is almost immovable, they arc 
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rudimentary. They are the liomologues of large and important muscles in 
some ot the mammalia. 

TJie Attrahens auriculam (m. auricularis anterior), the smallest of tlie 
three, is thin, fan-shaped, and its fibres are pale and indistinct. It arises from 
tlie lateral edge of the aponeurosis of the Occipit o-frontalis, and its fibres converge 
to be inserted into a projection on the front of the helix. 

The Attollens auriculam (m. auricularis superior), the largest of tlie three, 
is thin and fan-shaped. Its fibres arise from the aponeurosis of tlie Occipito- 
frontalis, and (converge to be inserted by a thin, flattened tendon into the 
upper part of the cranial surface of the pinna. 

Th(‘ Retrahens auriculam (m. auricularis posterior) consists of two or 
lliree fleshy fasciculi, which arise from th(‘ mastoid portion of the temj)oral 
bone by short aponeurotic fibres. Ifliey aie inserted into the lower part of 
the cranial surfacjo of the concha. 

Nerves. — The Attrahens and Attollens aiiriculani are supplied by the temporal 
branch of the facijil nerve ; tin* Retrahens anriculam is snjiplied by the posterior 
auricular branch of the same nerve. 

Actions. — In man. these muscles poss<iSS very little action : the Attrahens 
anrienlam draws the, ear forwards and npx.ards ; the Attifllens auriculam slightly 
raises it ; and the Retrahens auriculam draws it backwards. 


111. Palpebhal Rkuiox (figs. 4K1 and 4S2) 

Orbicularis p al f ^b rnmin. Tensor tarsi. 

( Corrugate >r sup(*rcilii. 

Tlie Orbicularis palpebrarum (id, orbicularis oculi) is a s])him‘t(M* museh^ 
wliich surrounds tlie circumference of tlie orbit and eyelids. It arises from 


Fkj. 482.--''Lof1 Orbicularis j)alf)ehrai‘iim. seen from hehind. (From Tol(lt\ .Atlas. 
j)ul»li.shccl hy Rehman, Ltd., LomJon.) 

Frontal snins 


Orbital arch 

Paveta 

lacriaialio 


Tcufiov tariti 
rymal sac 

rymal groove 


Orbital portion of Antrum, of 

Orbicularis pa Ipebraru m Highmore 



the internal angular process of the frontal bone, from the frontal process 
of the maxilla in front of the lachrymal groove for the nasal duct, and 
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from the anterior surface and borders of a short tendon, the teifido ocvli, 
or internal tarsal ligament, placed at the inner angle of the orbit. Fiom this 
origin, the fibres are directed outwards, forming a broad, thin, and flat layer, 
wliich covers the eyelids, surroimds the circumference of the orbit, and spreads 
out over the temple, and downwards on the cheek. Xbo, pal pe bral i)ortion 
(pars palpebralis) of tlie Orbicularis is thin and pale ; it arisesTronTtherbifuf- 
cation of tlie tendo oeiili, forms a series of concentric curves, and is inserted 
into the external tarsal hgament. The orbital portion (pars orbitalis) is thicker 
and of a reddish colour : its fibres are well developed, and form complete 
ellipses. The upper fibres of this portion blend with the Occipito-frontalis and 
Cc^rugator supercilii. . * 1 * ,, 

^The ttndo ocali^ oY mienuil tarsal ligament, is a short tendon, about two 
lines in length and d?ie m breadth, attached to the frontal process of the maxilla 
in front of the laehryinal groove. i>ossing I lie lachrymal sac, it divides 
into two parts, each division being attac^hed to the inner extremity of the 
corresponding tarsal plat('. As the tendon crosses the lachrymal sac. a strong 
aponeurotic lamina is gi\'('n oil from the posterior surface, wdiieh c^xpands over 
the sac, and is attached to the ridge on the lachrymal bone. Tliis is the 
reflected Anommrosjs of tJie tendo oouli. 


^ Tlie eimrnal kamdl^gaM'ntm a minii weaker structure than tlu‘ tendo 
.-/oculi. It is attached to the margin of the frontal process of (lie malar bout', 
^.and passes inwards to the outer commissure of the eyelid, wlna-e it divides 
into two slips, whieli are attached to the margins of the respective tarsal 
plates. , 1 : . 

The Tensdif 'tarsi oT iiinsole of Horner (pars laei’imalis in. orbicularis oculi) 
small thin muscle, about thr(*e lines in breadth and six in length, situatc^d 
at the inner side of the orbit, behind tlie tendo oeuli and lachrymal sa(j 
(lig. 482). It arises from the crest and adjacent part of tln^ orbital surface 
of the hKilirymal bone, and passing across the lachrymal sac, divides int(» 
two sli])s, wdiich cov(m* the laelirymal canals, and are inserted into the tarsal 
phii(*s internal to tiie pnneta laerimalia. Its fibres appear to b(! continuous 
with those of the ])al|jebral portion of the Orbicularis palpebrarum, from 
wiiicli they are usually considered to be doriv(‘d ; it is oec^csionally \'ei*y 
indistinct. 


The Corrugator supercilii is a small, narrow, pyramidal muscle, placed 
at the inner extremity of the eyebrow', b(meath the O(;cipito-fronlalis and 
Orbicularis palfiebrarum muscles. It arises from the inner extremity of th<i 
superciliary ridge; whence its fibres pass upw'ards and outwards, between 
tluj palpebral and orbital portions of the Orbicularis palpebrarum, and ani 
inserted into the deep surfac’c- of the skin, opposite the middle of the oj-bilal 
arch. 


Nerves. — Tie*. Orbicularis palpebrarum, Oornigator supercilii, and Tensor 
tarsi are supplied by the facial nerve. 

Actions. —The Orbicularis palpebrarum is the s^phinctcr. muscle of the eyelids. 
The .palpQbral.pprtion acts involuntarily, closing the lids gently, as in sleep or in 
blitilang ; thc^prbiciilar portion is subject to the w'ill. When the ejitire muscle 
is brought into action, the skin of the forelicad, temple, and che.ek is drawn iiiw'^ards 
tow'ards the inner angle of the orbit, and the eyelids are firmly closed, as in photo- 
pho])ia. When the skin of tlio forehead, tem})le, and cheek is thus drawn inw' ards 
by the action of the muscle it is thrown into folds, especially radiating from the 
outer angle of the eyelids, which give rise in old age to the so-called ‘ 

The Levator palpebrae is the direct antagonist of this muscle ; it raises the upper 
eyelid and exposes the globe of the eye. Each time the eyelids are closed 
through the action of the Orbicularis, the tendo oculi becomes tight (nied, and 
draws the wall of the lachrymal sac outwards and forwards, so that a vacuum is 
made in it, and the tears are sucked along the lachrymal canals into it. Th(j 
T«tt8ortaa»i draws the eyelids and the extremities of the lachrymal canals inwards 
and compresses tlicui against the surface of the globe of the eye ; thus placing 
them in the most favourable situation for receiving the tears. It serves, also, to 
compress the lachrymal sac. The draws the eyebrow down- 

wards and inwards, producing the vertical wrinkles of the forehead. It is the 
' frowning ’ muscle, and ma\ be regarded as the principal agent in the expression 
of suffering. 
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IV, Otjbital Region 

Levator palpebrae superioris. Rectus internus. 

Rectus superior. Rectus extemus. 

Rectus inferior. Obliquus oeuli superior. 

ObliquuH 0 (Mili inferior. 

The Levator palpebrae superioris (%. is thin, fiat, and hianprular 
in shaj)e. It arises from the under surface of the lesser wing of <he spiienoid, 
abo\'e and in front of the optic foramen, from wiiieli it is sej)carated by t he origin 


l^'iG. 483. — Sagittal section of riglit orbital cavity. 



of tlie Superior r(‘(*tus. At its origin, it is narrow and tendinous. ])iit soon 
be(?oinf‘s l)ioad and f1(‘shv, and l(n*miiiat<'S anteriorly in a wid(* expansion 
whieJi s])lils into tlmv? iarnelhe. Tlie superficial lamella blends with the 


Fkj. 484. — Musclos of right orl>it. 



superior palpebral ligament, and is prolonged forwards above^ the superior 
tarsal plate to the palpebral part of the Orbicularis palpobrai’um, and to 
the deep surface of the skin of the upper eyelid. The middle lamella, largely 
made up of non-striped muscular fibres, is inserted into the upper margin 
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of the superior tarsal plate, whilst the deepest lamella blends with an expansion 
from the sheath ot the Superior rectus^ and with it is attached to the superior 
fornix of the conjunctiva. 

The Four Recti (fig. 484) arise from a fibrous ring (annulus tendiiieus 
communis) which surrounds tlic upjier, inner, and lower margins of the optic 
foramen and encircles tlie optic nerve. The j-ing is completed by a little 
tendinous bridge })ro]onged t^ver tlie lo^'cr and inner part of the sphenoidal~“ 
.^■ fi sH ur e and attached to a tiibercle on the margin of the greater wing of the 
sphenoid, bounding the sphenoidal fissure (fig. 4S.5). Two specialised parts of 
this fibrous ring may be made out : a lower, the lujnmmt or tendon of Zinn, 
which gives origin to the Inferior rectus, part of th(‘ Internal rectus, and the 
low(M* head of origin of the External rectus ; and an upper, wliicli gives oiigin 
•to tlie Superior rectus, tlie rest of the Internal rectus, and the upper liead of 
tht^ P^xternal r(‘ctus. 'Phis upper band is sometimes ternu^d th(^ , superior 
tewlon of Lockwood. Each muscle passes forward in tlie position implietl by 
its name, to be inserted by a tendinous exjjansion into 11 m‘ sclm-a, about a 
(juarter of aiVmclj from the margin of flie cornea. Between the two heads of 
the External rectus is a narrow irit(‘rval, through wJiich pass the two divisions 
of the third nerve, the nasal branch of the ophthalmic division of the lifth 
nerve, tin* sixth nerve, and the ophthalmic vein. Although these* muscles 
jiresent a (iornmon origin and an* inserted in a similar inanner into the scU'ia, 
there are certain difiei-ences to be observed in them as regaids their 

length and breadth. The Inteitial 
Fio. 480. - Th) rela ivc positions of r(*ctus is the broadest, the External tin* 
the origins of iJn nmseles ol the longest, and the Superior the thinnest and 
Jolt oyolmll. narrow (\st. 



T1h 5 Obliquus oculi superior is a 
fusiform muscle, pla(*ed at the ii])p(‘r 
and inner side of the orbit, internal to 
the Levator palpebne. It arises imme- 
diately above the inn(*r margin of the 
optic foramen, above and internal to the 
origin of the Superior i*eetus, and, ])assing 
forwards to the inner angh^ of the orbit, 
terminates in a rounded tendon, which 
plays in a fibro-(;artilaginous ring or 
pulley attached to tlic trochlear fossa near 
tlie internal angular process of the fi oiital 
bone. The contiguous sui’faces of th<^ 


tendon and ring are lined by a delicate synovial membrane, and enclost‘d in 


a thin fibrous investment. The tendon is reflected backwards, outwards. 


and downwards beneath the iSupcrioi* rectus to the outer part of the globe 
of tlu? eye, and is inserted into the solera, behind the eipjator of the 
eyeball, the insertion of the muscle lying between the Superior and ExtcTiial 
recti. 


The Obliquus oculi inferior is a thin, narrow' muscle, placed near tin* 
anterior margin of the orbit. It arises from the orbital plate of tlu* maxilla, 
external to the lachrymal groove. Passing outwards, backwards, and upwards, 
between the Inferior r(‘ctus and tlu? floor of the orbit, and then between the 
eyeball and the Ext(U-nal rectus, it is iusei*tcd into the outer ])art of the 
sclera between the Superior and External rt'cti, near to, but sorn(*w'hat 
behind, the insertion of the Superior oblique. 

Nerves.— The Levator j)alpebrte, Inferior oblique, and the iSuperior. Inferior 
and Internal recti are supplied by the third nerve ; the Superior oblique, by the 
fourth ; the External rectus, by the sixth. 

Actions. — The L(*,vator ]»alpebra' raises the upper eyelid, and is the direct 
antagonist of the Orbicularis palpebrarum. The four Recti are attached to the 
globe of the eye in such a inanner that, acting singly, they wdll turn its corneal 
surface either upwards, dowrnwards, inwards, or outwards, as expressed by their 
names. The movement produced by the Superior or Inferior rectus is not quite 
uu sim})le one, for inasmuch as each passes obliquely outwards and forwards to the 
eyeball, the elevation or depression of the cornea is accompanied by a certain 
deviation inwards, with a slight amount of rotation. These latter movements 



ORBITAL REGION 


463 


are coiTectod by the Oblique muscles, the Inferior oblique correcting the deviation 
inwards of the Superior rectus, and the Superior oblique that of the Inferior 
rectus. The cotitraction of the External or Internal rectus, on the other hand, 
produces a purely horizontal movement. If any two contiguous Recti of one eye 
act together they carry the globe of the eye in the diagonal of these^ directions, 
viz. upwards and inwards, upwards and outwards, downwards and inwards, or 
downwards and outwards. A little consideration will show that sometimes the 
corresponding Recti of the two eyes act in unison, and at others the opposite 
Recti act together. Thus, in turning the eyes to the right, the External r(»ctus 
of the right eye will act in unison vith the Internal rectus of the loft eye ; but if 
both eyes are directed to an object in the middle line at a short distance, the 
two Internal recti wdll act in unison. The moveiiient of circumduction, as in 
looking round a room, is performed by the succt^ssive ac.tion of the four Recti. 
I'he Oblique muscles rotate the eyeball on its antero-posterior axis, the Superior 
direc.ting the cornea dowunvards and outw'ards, and the Inhu’ior directing it 
upwards and outw ards : these movements arc* ret(iiii*ed for the correct viewing of 
an object when the head is moved laterally, as from shoulder to shoulder, in 
order that the picture may fall in all respects on the sarnc, part of the retina of 
either eye. 

Fasciae of the orbit.-- The connective tissue of the orbit is in various 
places condens(id into iliin membranous bivcrs, wliieh may be conveniently 
described as (1) the orbital fascia; (2) tin* sluvitlis of the muscles; and 
(3) the fasciji of tin* eyeball. 

(1) The orbital lascia. This forms the periosteum of the orbit. It is 
loos('ly connected to tlui bones, and can be readily separated from them. 
J>(*liind, it is connect (id w ith the dura mater by ])rocesses which pass tbrougli 
the opticj foramen and sphenoidal fissiin*, and with the sht*atJi of the opthi 
nerve. In front, it is (;onnect(*.d w ith the periosteum at the margin of the 
orbit, and sends off a process which assists in forming the palfxibral fascia. 
From its internal surface two processes are given off : one to enclose the 
lachrymal gland, the other to hold the pulley of the Superior oblicpio rnuscile 
in position. A layer of non-striped inusele, the Orbilalis muscle of H. Mullc,*r. 
may b(i seen bridging across the spheno-maxillary fissure. 

(2) The sheaths of the muscles give off expansions to tlie margins of th(' 
orbit, which limit the action of the muscles. 

(3) 1’he fascia of the eyeball — Tenon’s capsule — w ill be (h'seribed with the 
anatomy of the (*y(*ball. 

Applied AiMdamy . — Ihe positions and exact points of insertion of the tiindons of tli(? 
Internal and External recjti into the globe should Lhj carefully examined from the front 
of the eyeball, as the surgeon is often required to divide one or other of the muscles for 
the euro of BtrabismuK. In convergent strabismus, wliich is tll^^ more common form of 
the disease, the eye is turned inwards, requiring the division of the Internal rectus. In 
toe divergent form, which is more rare, the eye is turnwl outwards, the External rectus 
being especially im])licated. The deformity produced in either case is to be remedied by 
^^ii vision of one or the other muscle. The operation is thus f)crformed : the lids are to 
Im 3 well separated ; the eyeball is rotated outwards or iinvards, and the conjunctiva raised 
by a pair of fc^rceps, and incised immediately beneath the low^cr bordei* of the tendon 
of the muscle to be divided, a little behind its insertion into the sclera ; the submucous 
areolar tissue is then divided, and into tlie small aperture thus made, a blunt hook is 
passed upwards betw'een tlui muscle and the globe, and the tendon of the muscle divided 
by a ])air of blunt-pointed scissors passed betw^een the hook and the globe. 

A more recent operation is that of advancement in which cither the Internal or External 
rectus (depending on the form of strabismus) is shortened. The muscle is exposed in the 
same manner ; a portion is then cut out of it and the cut ends arc sewm together. 

V. Nasal Region (tig. 486) 

Pyrarnidalis nasi. Dilatator naris anterior. 

Levator labii superioris alieque nasi. Compressor naris. 

Dilatator naris posterior. Compressor narium minor. 

Depressor also nasi. 

The Fyrimfftnlh jliwi (tii- procerus) is a smairpyramidal slip placed over 
the nasal bone. Its origin is by tendinous fibres from the fascia covering the 
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lower part of the nasal bone and upper part of the^cartilaRe, where it blends 
with tlie Compressor naris, and it is inserted into the skin over the lower 
part of the forehead between the two eyebrows, its fibres decussating with 
I those of the Occipito-frontalis. 

rf The Levator labit stiperioris alaeque nasi is a thin triangular muscle, 
••placed by the side of the nose, and extending between the inner margin of 
^ „ the orbit and th(^ upper lip. It ai-ises by a pointed extremity from the upj)er 
^ part of the frontal pro(je.ss of the maxilla, and, passing obliquely downwards and 
outwards, divides into two slips, oiwi of which is inserted into the cartilage of 
the Ala of the nose ; the other is prolonged into the upper lip, blending with 
the Orbicularis oris and Levator labii superioris proprius. 

The Dilatator naris posterior is a small muscle, which is placed partly 
beneath the elevator of the nose and lip. It ^arkea from the margin of tha 
nasal notch of tlie maxilla, and from the seAafc'oid cartilages, and is inserted 
into the skin near the margin of the nostril. 

ThQ- Dilatator naris anterior is a thin delicate fasciculus, passing from 
the cartilage of the ala of tlie nose to the int('gument m^ar its mai’gin. This 
muscle is situated in front of the pn^ceding. 

T])c. Compressor naris is a small, tliin, triangular muscle, arisijig by 
its apex from the maxilla, above and a little external to the incisive fossa : 
its fibres proceed ujjwards and inwards, ex])a.uding into a thin aponeurosis 
which is oontiiiuous on the bridges of the nose with that of the muscle of the'* 
opposite side, and witli the aponeurosis of the Pyramidalis nasi. 

The Compressor narium minor is a small muscle, atta(;hed by one (?iid 
to tlie alar cartilage, and by the other to the integument at the end of the 


nose. 


The Depressor alac nasi is a short radiatt^d muscle, arising from the 
incisive fossa of the maxilla ; its fibres ascend to be inserted into the septum, 
and back part of the ala of the nose. This muscle lies' between the mucous 
membrane and muscular structure of t he lip. 

Nerves. — All the muscles of this groiq) arc supplied by the facial nerve. 

Actions. — The Pyramidalis nasi draws down the inner anghi of the eyebrows 
and produces transverse wrinkles over the bridge of thii nose. The. Levator labii 
superioris alicque nasi draws upwards the upper lip and ala of the noscj : its most 
important action is upon the nose, which it dilates to a considerable extent. The 
action of this muscle produc.es a marked influence over the countenance, and 
it is the principal agent in the exjiressiori of contciu])t and disdain. The two 
Dilatatores enlarge the apertur(‘ of the nose. Their action in ordinary breathing 
is to resist the tendency of the iiostrils lo close from atmospheric priissurc, but 
in difficult breathing, as well as in some emotions, such as anger, they may be 
noticed to lx; in violent action. The Depressor ahn nasi is a direct antagonist 
of tin; other muscles of the nose, drawing the ala of the nose downwards, and thereby 
constricting the aperture of the iiares. The Compressor naris depresses the 
cartilaginous part of the nose and draws the alfc togetlicr. 


VI. MaxtlIvARY Region (fig. 486) 

Levator labii superioris proprius. Zygomaticus major. 

Levator anguli oris. Zygomaticus minor. 

The Levajir labii superioris proprius is a thin muscle, of a quadrilateral 
form. It arises from tlie lower margin of the orbit immediately above the 
infra-orbital foramen, some, of its fibres being attached to the maxilla, others 
to the malar bone ; its fibres converge to be inserted into the muscular sub- 
stance of the upper lip, between the attachment of the Levator labii superioris 
ala?que nasi and tlie J^evalor anguli oris. 

Th$^.Levator a^uU oris (m. caninus) arises from the canine fossa, imme- 
diately below' th(; infra-orbital foramen; its fibres incline downwards and a 
little outwards, to be inserted into the angle of the mouth, intermingling 
with those of the Zygomaticus major, the Depressor anguli oris, and the 
Orbicularis oris. 

. The Zygomaticus major is a slender fasciculus, w'hich arises from the 
malar in front of the zygomatic suture, and descending obliquely down- 
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\^ards and inwards, is inserted into the angle of the mouth, where it blends 
with the fibres of the Levator anguli oris, the Orbicularis oris, and the Depressor 

anguli oris. i v. i.- j 

The Zygromaticus mino^r arises from the malar bone, immediately pehinap,.!? 
the maxillary suture, and passing dowmwards and inwards, is continuous ^ 
with the Orbicularis oris at the outer margin of the Levator labii supenoris. 

It lies anterior to the preceding. 


Fig. 486 .— Muscles of the head, face, and neck. 



Nerves.— This group of muscles is supplied by the facial nerve. 

Actions. — Tho Levaateadabii -wiiperiorw is the proper elevator of the upper lip, 
carrying it at the same time a little forwards. It assists in forming the naso-labial 
ridge, which passes from the side of the nose to the upper lip and gives to the face 
an expression of sadness. The Levator anguli oris raises the angle of the ®outh 
and assists the Levator labii superioris in producing the naso-labi^ ridge. The 
Zygomaticus major draws the angle of the mouth backw^ards and upward^ as 
in laughing ; while the Zygomaticus minor, being inserted into the outer part oi 
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the upper lip and not into the angle of the mouth,' draws it backwards, upwards, 
and outwards, and thus gives to the face an expression of sadness. 

VII. Mandibular Region (fig. 486) 

Levator menti. 

Depressor labii inferioris. 

Depressor anguli oris. 

The Levator imenti (m. mentalis) or Levator labii inferioris is a small 
conical fasciculus, placed on the side of the frasnum of the lower lip. It 
arises fr om the incisive fossa, external to the symphysis menti ; its fibres 
descend taJbfiJnscrtfid into the integument of the chin. 

The Depressor labii inferioris (m. quadratus labii inferioris) is a small 
quadrilateral muscle. It arises from the external oblique line of the mandible, 
between the symphysis and the mental foramen, and passes obliquely up- 
wards and inwards, to be inserted into the integument of the lower lip, its 
fibres blending with the Orbicularis oris, and with those of its fellow of the 
oi>posite side. It is continuous with the fibres of the Platysma at its origin. 
This muscle contains much yellow’ fat intermingled with its fibres. 

The Depressor anguli oris (m. triangularis) is triangular in shape, arising 
by its broad base, from the external oblique line of tlie mandible, whence its 
fibres pass upw^ards, to be inserted, by a narrow' fasciculus, into the angle of 
the mouth. It is continuous, w^ith the Platysma at its origin, and with the 
Orbicularis oris and Risorius at its insertion, and some of its fibres are directly 
continuous with those of the Levator anguli oris. 

Nerves. — This group of muscles is supplied by the facial nerve. 

Actions. — The Levator iiKuiti raises and protrudes the lower lip. and at the 
same time wrinkles the integununit of the chin, expressing doubt or disdain. . The 
Depressor labii inferioris draws the lower lip directly downwards and a little 
outwards, as in the expression of irony. The Depressor anguli oris depresses 
the angle of the mouth, being the antagonist of the Levator anguli oris and 
Zygomaticus major ; acting with the Levator anguli oris, it will draw the aiigle 
of the mouth directly inwards. 

VIII. Intermaxillary Region 
Orbicularis oris. Buccinator. Risorius. 

The Orbicularis oris (fig. 486) is not a simple sphincter muscle like the 
Orbicularis palpebrarum, but consists of numerous strata of muscular fibres 
having different directions and surrounding the orifice of the mouth. These 
fibres are partially derived from the other facial muscles which are inserted 
into the lips, and are partly fibres proper to the lips themselves. Of the 
former, a considerable number are derived from the Buccinator and form the 
deeper .stratum of the Orbicularis. Some of the Buccinator fibres — namely, 
those near the middle of the muscle — decussate at the angle of the mouth, 
those arising from the maxilla passing to the lower lip, and those from the 
mandible to the upper lip. Other fibres of the muscle, situated at its upper 
and lower pari, pass across the lips from side to side without decussation. 
Superficial tcTOiis stratum is a second, formed on either side by the Levator 
and Depressor anguli oris muscles, w’hieh cross each other at the angle of the 
mouth ; those from the Depressor passing to the upper lip, and those from 
the Levator to the lower lip, along which they run to be inserted into the 
skin near the median line. In addition to these there are fibres from other 
muscles inserted into the lips, the Levator labii superioris, the Levator labii 
superioris alaequo nasi, the Zygomatic!, and the Depressor labii inferioris ; 
these intermingle w^ith tlie transverse fibres above described, and have princi- 
pally an oblique direction. The proper fibres of the lips are oblique, and pass 
from the under surface of the skin to the mucous membrane, through the 
tliickness of the lip. Finally there are fibres by which the muscle is 
connected with the maxillae and the septum of the nose and with the mandible. 

In the upper lip these consist of two bands, inner and outer, on each side of ^ 
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the middle line ; the outer band (m. incisivua superior) arises from the alveolar 
border of the maxilla, opposite the lateral incisor tooth, and arching outwards 
is continuous at the angle ot the mouth with the other muscles inserted into 
this part ; the inner band (m. nasolabiaUs) connects the upper lip to the back 
of the Septum of the nose. The interval between the two inner bands corre- 
sponds with the depression, called the philtrunif seen on the lip beneath the 
septum of the nose. The additional fibres for the lower lip constitute a slip 
(m. inoisivus inferior) on either side of the middle line which arises from 
the mandible, external to the Levator labii inferioris, and arches outwards to 
the angle of the mouth, to join the Buccinator and the other muscles attaclied 
to this part. 

The Buccinator (fig. 494) is a broad, thin muscle, quadrilateral in form, 
occupying the interval between the jaws at the side of the face. It arises from 
the.outer aurfacA^s of the alveolas^^pESQoesses of the upper and lower jaws, corre- 
sj>onding to the three molar teeth ; and behind, from the anterior border of the 2 . 
pterygo-mondibular ligament which separates it from the Superior constrictor 
of the pharynx. Th<j fibres converge towards the angle of the mouth, where 
tlic central fibres intersect oacjli other, those from below being continuous with 
tlie upper segirumt of tlie Orbicularis oris, and tlioso from above with the 
inferior segment ; ^e uppermost and lowermost fibres continue forward 
uninterruptedly intc^ie corresponding lip vrithout decussation. 

Relations. — ^The Buccinator is in relation by its super Jicial surf ace, behind, with a large 
mass of fat, ’i^ch separates it from the ramus of the lower jaw, from the Massetor, and 
from a small^ortion of the Temporal, and which has been named the p(id, 

beeause it is supposed to assist in the act of sucking. In front the superficial surface of 
the Buccinator is in relation with the Zygomatici, Risorius, Levator anguli oris. Depressor 
anguli oris, and Stenson’s duct which pierces it opposite the second molar tooth of 
the upper jaw ; the facial artery and vein cross it from below upwards ; it is also 
crossed by the branches of the facial and buccal nerves. The deep surface is in relation 
with the buccal glands and mucous membrane of the mouth. 

The pterygO’Tmndihular ligament is a tendinous band, derived from the 
deep cervical fascia and attached by one extremity to the hamular iirocess 
of the internal pterygoid plate, and by the other to the posterior extremity of 
the internal oblique line of tlio mandible. Its inner surface is covered by the 
mucous membrane of the mouth. Its outer surface is separated from the 
ramus of the mandible by a quantity of adipose tissue. Its posterior border 
gives attachment to the Superior constrictor of the pharynx ; its anterior 
border^ to the fibres of tlic Buccinator (see fig. 494). 

The Risorius consists ot a narrow bundle of fibres, which arises in the 
fascia over tlie Massetor muscle and, passing horizontally forwards, is inserted 
into the skin at the angh' of tlic mouth (fig. 486). It is placed sujierficial to 
the Platysma, and is broadest at its outer extremity. This muscle vai’ies 
much in its size and form. 

Nerves. — The muscles in this group are all supplied by the facial nerve. 

Actions. — The Orbicularis oris in its ordinary action produces the direct 
closure of the lips ; by its deep fibres, assisted by the oblique ones, it closely 
applies the lips to the alveolar arch. The superficial part, consisting principally 
of the decussating fibrcjs, brings the lips together and also protrudes them forwards. 
The Buccinators contract and compress the chec'ks, so that, during the process of 
mastication, the food is kept under the immediate pressure of the teeth. When 
the cheeks have been previously distended with air, the Buccinator muscles expel 
it from between the lips, as in blowing a trumpet. Hence the name {buccina, a 
trumpet). The Risorius retracts the angles of the mouth, and produces the 
unpleasant expression which is sometimes seen in tetanus, and is known as ' risus 
sardonicus.’ 

IX. Tbmporo-mandibular Region 
Masseter . Temporal . 

Masseteric fascia. — Covering the Masseter muscle, and firmly connected 
with it, is a strong layer of fascia, derived from the deep cervical fascia. Above, 

/ this fascia is attached to the lower border of the zygoma, and behind it invests 
the parotid gland, constituting the parotid fascia. 


HH 2 
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The Masseter (fig. 486) is a short, thick muscile, somewhat quadrilateral in 
form, consisting of two portions, superficial and deep. The superficial portion, 
the larger, arises by a thick, tendinous aponeurosis from the midar process of 
the maxilla, and from the anterior two-thirds of the lower border of the 
zygomatic arch : its fibres pass downw^arda and backwards, to be inserted into 
the angle and lower half of the outer surface of the ramus of the mandible. 
^h&^e^^:portiQn is much smaller, and more muscular in texture ; it arises 
from the posterior third of the lower border and the whole of the inner surface 
of the zygomatic arch ; its fibres pass downwards and forwards, to be inserted 
into the upper half of the ramus and the outer surface of the coronoid process 
of the mandible. The deep portion of the muscle is partly concealed, in front, 
by the superficial portion ; behind, it is covered by the parotid gland. The 
fibres of the two portions are continuous at their insertion. 

Relations. — ^The Masseter is in relation by its superficial surface with the integument, 
Platysma, Kisorius, Zygomatici, the parotid gland and socia parotidis, and with Stonson^s 
duct, and the branches of the facial nerve and the transverse facial vessels which cross 
it. By its deep surface, it is in relation with the insertion of the Temporal muscle, the 


Fig. 487. — The Temporal muscle ; the zygoma and Masseter have been removed. 



ramus of the mandible, the Buccinator and the long buccal nerve from which it is 
separated by a mass of fat. The masseteric nerve and artery enter it on its deep 
surface. Its posterior margin is overlapped by the parotid gland. Its anterior margin, 
which projects over the Buccinator muscle, is crossed below by the facial vein. 

The temf^ral fascia covers the Temporal muscle. It is a strong, 
fibrous investment, covered, on its outq* ^surface, by the Attrahens and 
Attollens auriculam muscles, tlie aponeurosis or tne'Occipito-frontalis, and 
by part of the Orbicularis palpebrarum. The temporal vessels and the 
auriculo-temporal nerve cross it from below upwards. Above, it is a 
single layer, attached to the entire extent of the upper temporal ridge ; 
but below, where it is attached to the zygoma, it consists of two layers, 
one of which is inserted into the outer, and the other into the inner border of 
the zygomatic arch. A small quantity of fat, the orbital branch of the 
temper^ artery, and a filament from the orbital or temporo-malar branch of 
the superior maxillary nerve, are contained betw^een these two layers. It 
afifords attachment by its inner surface to the^ superficial fibres of the Temporal 
muscle. 
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The Temporatl (m. temporalis) (fig, 487) is a broad, radiating muscle, 
situated at the side of the head, and occupying the entire extent of the 
temporal fossa. It arises from the whole of the temporal fossa 
portion of it which is formed by the malar bone) and from the surface 

of the temporal fascia. Its fibres converge as they descend, and terminate 
in a tendon, which is inserted into the inner surface, apex, and anterior border 
of the coronoid process, and the anterior border of the ramus of the mandible, 
nearly as far forwards as the last molar tooth. 

Relations. — ^Tho Temporal is in relation by its 8uj>erficial surface with the integument, 
the Attrahons and Attollens auriculam muscles, the temporal fascia, the superficial 
temporal, vessels, the auriculo-temporal nerve, the temporal branches of the facial and 
temporo-malar nerves, the aponeurosis of the Occipi to -frontalis, the zygoma, and the 
Masseter. By its deep surface, it is in relation with the temporal fossa, the External 
pterygoid and part of the Buccinator muscles, the internal maxillary artery, and its 
deep temporal branches, the deep temporal nerves, and the b ucc al vessels and nerve. 
Behind the tendon are the masseteric vessels and nerve. Its antcrif>r border is separated 
from the malar bone by a mass of fat. 

Nerves. — Both muscles are supplied by the inferior maxillary nerve. 


X. Pteuycjo-Mandibular Region (fig. 488) 

Ptorygoidcufi externus. Ptorygoideus interims. 

The Pterygoideus externus is a short, thick muscle, somewhat conical in 
form, which extends almost horizontally between llie zygomatic fossa and the 
condyle of the mandible. It arises by two heads, separated by a slight interval : 
tlie upper from the inferior portion of the external surface of the greater wing 


Fig. 488. — The Pterygoid muscles ; the zygomatic arch and a portion of the 
ramus of the jaw have been removed. 



of the sphenoid and from the pterygoid ridge which separates the zygomatic 
from the temporal fossa; the lower from tlie outer surface of the external 
pterygoid plate. Its fibres pass horizontally backwards and outw'ards, to 
be inserted into a depression in front of the neck of the condyle of the 
mandible, and into the front of the inierarticular fibro-cartilage of the 
temporo-mandibular articulation. ‘ 
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Relations. — By its external surface it is in relation with the ramus of the lower jaw, 
the intornal maxillary artery, which crosses it,* the tendon of the Temporal muscle, and 
the Masseter. Its irUemal surface rests against the upper part of the Internal pterygoid, 
(J^e internal lateral ligament, the middle meningeal artery, and the inferior maxillary nerve ; 
oy its upper border it is in relation with the temporal and masseteric branches of the 
inferior maxillary nerve ; by its lower border it is in relation with the inferior d^nta^^d 
lingual nerves, trough the interval between the two portions of the muscle," the buccal 
nerve emerges and the internal maxillary artery posses, Mhon the trunk of this vessel lies 
on the lower part of the muscle (see tig. 488). 

The Pterygfoideus internus is a thick, quadrilateral muscle, and resembles 
the Masseter in form. It arises from the pterygoid fossa, being attached to 
the inner surface of the external pterygoid plate, and to tlie grooved surfa(*e 
of the tuberosity of tlie palate bone, and by a second slip from the outer 
surface of the tuberosities of the palate and maxilla ; its fibres pass down- 
wards, outwards, and backwards, to be inserted, by a strong tendinous 
lamina, into the lower and back part of the inner side of the ramus and angle 
of the mandible, as high as tli<‘ dental foramen. » , M vV 

Relations. — By its external surface it is in relation with the ramus of the mandible, 
from which it is separated, at its upper part, by the External pterygoid, the internal 
lateral ligament, the internal maxillary artery, the inferior dental vessels and nerves, the 
lingual nerve, and a process of the parotid gland. By its interruil surface it is in relation 
with the Tensor palati, being sejiarated from the Superior constrictor of the pharynx 
by a cellular interval. 

Nerves. — These muscles are supplied by the iuicrior maxillary nerve. 

Actions. — The Temporal, Masseter and Internal pterygoid raise the mandible 
against the* maxilla* with gi^eat lorce. Tlie External pterygoids assist in opening 
the mouth, but their main action is to draw forward the condyles and int(‘r- 
articular cartilages so that the mandible is protruded and the iiilerior incisors 
projected in front of the upper ; in this action they are assisted by the InteTnal 
])tervgoids. The niamlible is retracted by the j)ost(*nor fibres of the Tempoial. 
If the Internal and External pterygoids of one side act. the corresponding side of 
the mandilile is drawn forward while the opposite condyle remains comparativtdv 
fixed, and lateral movement, such as occurs during tin* trituration of food, takes 
place. 

Siirfax^e Form.- The outline of the muscles ol the liead and face cannot bo traced on 
the surface, except in the case of two oi the masticatory muscles. 1'hc muscles of 
the head are lliin, so that the outline ot the bone is perceptible beneath them. Those of 
the face are small, colored by soft skin, and often by a considerable layer of fat, s«> that 
their outline is concealed ; but tliey serve to round off and smooth prominent bordeis, 
and to fill up what would bo otherwise unsightly angular depressions. Thus, the Orbi- 
cularis palpebrarum rounds off the prominent margin ol the orbit, and the Pyramidalis 
nasi fills in the sharp depression beneath the glabella, and thus softens and tones down 
the abrupt depression which is seen on tho unolothod skull. In like manner, the labial 
muscles, converging to the bps, and assisted by tho suiierimposed fat, fill in the sunken 
hollow ol the lower part of tho face. Although the muscles of the face are usually described 
as arising from the bones, and inserted into tho nose, lips, and corners of the mouth, they 
have fibres inserted into the skin ot the face along their whole extent, so that almost 
every point ot the skin of the face has its muscular fibre to move it. Hence it is that when 
in action tho fmal muscles produce alterations in tho skin-surface, giving rise to the 
formation of vanous folds or wrinkles, or otherwise altering the relative position of parts, 
so as to produce the varied expressions with which the face is endowed ; those muscles 
are therefore termed the ‘ muscles of expression.’ Ilie only two muscles in this region 
which greatly influence surface-form are the Masseter and the Temporal. The Masseter is 
a quadrilateral muscle, which imparts fulness to the hinder part of tho cheek, \^^en 
the muscle is firmly contracted, as when tho teeth are clenched, its outline is plainly 
visible ; tho anterior border forms a prominent vertical ridge, behind which is a con- 
siderable fulness, especially marked at the lower part of the muscle. Tho Temporal muscle 
is fan-shaped, and fills the temporal fossa, substituting for it a somewhat convex form, 
the anterior part of which, on account of the absence of hair over the temple, is more 
marked than the posterior, and stands out in strong relief when the muscle is in a state 
of contraction. 


♦ In many cases the artery will bo found under cover of the muscle. 



SUPERFICIAL CERVICAL REGION 


m 




MUSCLES AND FASCIA] OF THE NECK 

The mu Boles of tbe neck may be arranged into groups, corresponding with 
the regions in which they are situated. 

These groups are nine in number : 

I. Superficial Region. V. Pharyngeal Region. 

II. Infrahyoid Region. VI. Palatal Region. 

III. Suprahyoid Region. VII. Anterior Vertebral Region. 

IV. Lingual Region. VIII. Lateral Vertebral Region. 

IX. Muscles of the Larynx. 


The muscles contained in each of these 

/. Superficial Region, 

Platysma. 

Sterno-cleido-mastoid. 

//. Infrahyoid Region, 

Storno-hyoid. 

Sterno-thyroidT 

Thyro-hyoid. 

O mo-hyoid. 

111. Suprahyoid Region. 

Digastric. 

Stylo-hyoid.* 

Mylo-hyoid. 

Genio-hyoid. 

I V. Lingual Region. 

0 / Genio-hyo-glossus. 
g 1 Hyo-glossus. 

‘S J Chondro-glossus. 

^ I Stylo-glossus. 

IPalato-glossus. 

.2 ( Superior lingualis. 

1 Inferior lingualis. 

^ 1 Transverse lingualis. 

' V<'rtical lingualis 

V. Pharyngeal Region. 

Inferior constrictor. 


groups arc the following : 

Middle constrictor. 

Superior constrictor. ^ 
Stylo-phary ngeus . 
Palato-pharyngeus. 
Salpingo-pharyngeus. 

VI, Palatal Region. 

Levator palati. 

Tensor palati. 

Azygos uvulje. 

Palato-glossus. 

Palato-pharyngeus. 

Salpingo-pharyngeus. 

V 11, A nterior Vertebral Region. 
Rectus capitis anticus major. 
Rectus capitis anticus minor. 
Rectus capitis lateralis. 
Longus coUi. 

VIJI, Lateral Vertebral Region. 
Scalenus anticus. 

Scalenus medius. 

Scalenus posticus. 

IX. Musclefi of the Laryn:c 

Included in the descriptif)!! of 
the Larynx. 


I. SuPEEFIOIAL CeUVICAL ReGION 
Platysma. Sterno-cleido-mastoid. 

The superficial cervical fascia is a thin lamina, which is hardly demon- 
strable as a separate membrane. It invests the Platysma. 

The PlatySIBffl (hg- 486) is a broad, thin plane of muscular fibres situated 
on the side of the neck. It . aj i s es by thin, fibrous bands from the fascia covering 
the upper part of the Pectoralis major and Deltoid; pass over the 

clavicle, and proceed obliquely upwards and inwards along the side of the 
neck. The anterior fibres interlace, below and behind the symphysis menti, 
with the fibres of the muscle of the opposite side ; the posterior fibres pass 
over the mandible, some of them being attached to the bone below the 
external oblique line, others passing on to be inserted into the skin and 
^bcutaneous tissue of the lower part of the face, many of these fibres 
blending with the muscles about the angle and lower part of the mouth. 
Sometimes fibres can be traced to the Zygomatic muscles, or to the margin of 
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the Orbicularis oris. Beneath the Platysma, the external jugular vein may 
be seen descending from the angle of the mandible to the clavicle. 

Actions. — The Platysma produces a slight wrinkling of the surface of the skin 
of the neck, in an oblique direction, when the entire muscle is brought into action. 
Its anterior portion, the thickest part of the muscle, depresses the lower jaw ; it 
also serves to draw down the lower lip and angle of the mouth on each side, being 
one of the chief agents in the expression of melancholy. 

The deep cervical fascia (fig. 489) lies under cover of the Platysma, 
and constitutes a complete investment for the neck. It also forms sheaths for 


Fig. 489. — Section of tlie neck at about the level of the sixth cervical vertebra. 
Showing Ihe arrangement of the deep cervical fascia. 
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the carotid vessels, and, in addition, is prolonged deeply in the shape of 
certain processes or lamellae, which come into close relation with the structures 
situated in front of the vertebral column. 

Tfafi invoating portion ja b^.himLto the ligamentum 

nuchae and to the spine of the seventh cervical vertebra. It forms a thin 
investment to the Trapezius muscle, and at its anterior, bordeius^continued 
forwards as a rather loose areolar layer, covering. the posterior triangle 61 the 
neck, the posterior border of the Stemo-mastoid muscle, where it begins 
to assume the appearance of a fascial membrane. Along the hinder edge of the 
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Sterno-maHtoid it d^vid^a i| }f) fjfplAflA the muyrie, and th e 
again tftrma.a single lamella, which roofs in the anterior triangle of the neck, 
and reacJjps forwards to the middle line, to become continuous with the 
corresponding part from the opposite side of the neck. In the middle line of 
tile neck it is attached to the symphysis menti and body of the hyoid bone. 

the fascia is a ttach <^ to tlio superior curved line of the occipital, to 
the mastoid process oTUTc temporal, and to the wliole length of the body of 
tlie mandible. Opposite the angle of the mandible the fascia is very strong, 
and Ijindfii tlie anterior edge of the Sterno-mastoid firmly to tliat bone. 
Between the mandible and the .mastokl proc*ess it enaJxcjathes the parotid 
gland- the layer \\ Inch covers the gland extending upwards under the name 
of the paroUd fascia to be fixed to the zygomatic arcli. From the layer 
whicJi passes under the parotid a strong band extends upw ards to the styloid 
process, forming the stylo-imndibidcir ligament. Three other bands may be 
defined : the spheno-mandihular, the pterygo-mandihular and the pterygo-npi nom 
hgamentfi. The piprygo-spinoas ligament is a membranous hand which strctclies 
across from the upper half of the posterior free border of the external 
pterygoid plate to the spinous process of the sjilienoid. It oceasioually ossifies, 
and produces betu'cen its ujiper border and tin' base of Die skull, an adven- 
titious foramen wiii(*li transmits the branches of tlie third division of the fifth 
nerv'c to the muscles of mastication. 

BslffW’j the lascia is attacln‘d to the acromion process, tlie clavicle, and the 
inanubrium sterni. Some litth' distance fthove the last, however, it HjilitK 
into two liiytTs, superficial and deep. The former is attac*hcd to the antt'rior 
border of the manubrium, the latter to its posteiior border and to the inter- 
clavicular ligament. Between these two layers is a slit -like interval, the supra- 
sternal space, or space oj Burns. It contains a small quantity of areolar tissue, 
and soinctiiiK'S a lymphatic gland, the lower portions of the anterior jugular 
veins and their transverse connecting liranch, and also the sternal heads of 
the Sterno-mastoid muscles. 

The fascia which liuqs the deep surface of the Sterno-niastoid gives off 
th(‘ following imjjortaut processes. (1) A pffoaosa envelops the tendon of 
the Omo-liyoid, and binds it dow’u to the sternum and first costal cartilage. 
(2) A strong slieatli, the encloses the carotid artery, internal 

jugular vein, and pneumogastric nerve. (3) extends 

irnvards behind the carotid vessels, where it assists Tn'^tormrng 'tTieir sheatli, 
and ])asses in front of tlie prevertebral muscles. It foims the posterior 
limit of a fibrous compartment, wliich contains the larynx and trachea, the 
thyroid gland, and tlie pharynx and (X'sojihagus. 1’he prevertebral fascia is 
fixed abfive to tlic bas(» of the skull, wJiile below' it is contmued into the thorax 
in front of the Longus (*olli muscles. Parallel to the carotid sheath and along 
its inner aspect the pr<‘vertcbral fascia gives off a thin lamina, the hucro- 
lMtry)ujctil Jascia, which closely invests the Constrieior muscles of the jxharynx, 
and is continued forward from tlic Sujxerior constrictor on to the Buccinator. 
It is attached to the prevertebral layer by loose connective tissue only, and 
thus an easily distended space, the ri^tro-pharypiica l s mee , is found bctwwn 
tliern. This space is limited above by the base of It he skull, wdiile below' it 
extends behind the msophagus into the thorax, \vhere it is continued into 
the posterior mediastinum. The prevertebral faseia is prolonged downwards 
and outwards behind th<i carotid vessels and in front of the Scaleni, 
and foj'ms a slioath for the brachial nerves and subclavian \essels in the pos- 
terior triangle of the neck; it is continued under the clavicle as the axillary 
sheath and is attaclied to tlie deep surface of the costo-eoracoid membrane. 
Immediately above and behind tlie clavicle an areolar space exists betw'een 
the investing layer and the sheath of the subclavian vessels, and in its upper 
portion are found the low'er part of the external jugular vein, the descending 
clavicidar nerves, the suprascapular and transversal is coUi vessels, and the 
posterior belly of the Omo-hyoid muscl<\ This space is limited below by 
the fusion of the costo-ooracoid membrane with the anterior wall of the axillary 
sheath. (4) The pretracheal fascia extends inwards in front of the carotid 
vessels, and Assists in forming the carotid sheath. It is further continued 
^1^0 depressor muscles of the hyoid bone, and, after env^eloping the 
thyroid body, is prolonged iii front of the trachea to meet the corresponding 
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laypr of the opposite side. Above, it is fixed to the hyoid bone, while;below‘'^: 
is carried downwards in front of the trachea and large vessels at the root of \ 
the neck, and ultimately blends with the fibrous pmcardiumC This layer 
is fused on either side with the prevertebral layer, with which it completes 
the compartment containing the larynx and trachea, the .thyroid gland, the 
pharynx and cesophagus. 

Applied Anatomy . — The deep cervical fascia is of considerable importance from a 
surgical point of view. As will be seen from the foregoing description, it may be > 
divided into three layers: (1) an investing layer ; (2) a layer passing in front of the 
trachea, and forming i^th the superficial layer a sheath for the depressors of the hyoid 
bone ; (3) a prevertebral layer passing in front of the bodies of the cervical vertebrse, and 
forming with the second layer a space in which ip contained the trachea, oBSophagus 
The investing layer would oppose the extension df abscesses towards the surface, and pus ' 
forming beneath it would have a tendency to extend laterally. If the pus be contained in 
the anterior triangle, it may find its way into the anterior mediastinum, being situated 
in front of tlie layer of fascia whiiph passes down into the thorax to become continuous 


Fro. 490. — Muscles of the neck. Lateral view. 



with the pericardium ; but owing to the less density and thickness of the fascia in this 
situation it frequently finds its way through it and points above the sternum. 
Pus forming beneath the second layer would in all probability find its way into the 
posterior mediastinum. Pus forming behind the prevertebral layer, in cases, for 
instance, of caries of the bodies of the cervical vertebrae, might extend towards the 
posterior and lateral part of the neck and point in this situation, or might perforate 
this layer of fascia and the pharyngeal fascia and point into the pharynx (retro-pharyngeal 
abscess). 

In c^es of cut throat the cervical fascia is of considerable importance. When the 
wound involves only the investing layer the injury is usually trivial, the special danger 
being injury to the external jugular vein, and the special complication, difiuse cellulitis. 
But where the second of the two layers is opened up, important structures may be injured, 
and serious results follow. 

The sternal head of origin of the Stemo-mastoid is contained in Burns’s space, so 
that this space is opened in division of this tendon. The lower part of the anterior 
jugular vein is also contained in the same space. 
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** St'ftrnfir l B i i i S tpid (m. stemocleidomastoideus) (fig. 490 ) is a large, thick 
muscle, wMch Efi^ oblismdy^aiQEOsp the side of the neck, being enclosed 
the two JammsB of the investing layer of the deep cervioeCT fasbia. 
it IS thick and narrow at its central part, but broader and thinner at either 
extremity. It^^rises JbyLlaEii. ^ads from the sternum and clavicle. The 
is a rounded fasciculus, tendinous in front, fleshy behind, which 
arises from the upper and anterior part of the manubrium sterni, and is 
. directed upwards, outwards, and backwards. 'portion arises from 
the superior border and anterior surface of the inner third of the clavicle, 
being composed of fleshy and aponeurotic fibres ; it is directed almost verti- 
cally upwards. These two portions are separated from one* another at their 
triangular interval, but become gradually blended, below the 
middle of the neck, into a thick, rounded muscle which is mgfifted, by a strong 
tendon, jnto the outer surface of the mastoid pro(*<‘ss;) from its apex to its 
superior border, and by a thin aponeurosis into the outer half of the superior 
curved line of the occipital bone. The iSterno-mastoid varies much in its 
extent of attachment to the clavicle : in one case the clavicular may be as 
narrow as the sternal portion ; in another, as much as three inches in breadth. 
When the clavicular origin is broad, it is occasionally subdivided into numerous 
slips, separated by narrow intervals. More rarely, the adjoining margins of 

have bee^ found in contact. 

^ Thwipinuscle divides the quadrilateral area C)£ the side of the neck into twO, 
an autarior and a, .posterior. The boundaries of the antesrior trwnglc* 
are, in froiif , the median line ol the neck ; above, the lower border of the body of 
the mandible, and an imaginary line (Irawn from the angle ot the mandible to 
the Sterno-mastoid ; behind, the anterior border of the Sterno-mastoid muscle. 
^4 triangle is at the upper border of the sternum. The bpuudarics 

ixidngle are, in fnuit, the posterior border ot the Sterno-mastoid ; 
bidow, the middle third ol the claviele ; behind, the anterior margin of the 
Irapezius. Tlio apex corresponds with the meeting of the Sterno-mastoid and 
rra])ezius on the oeH])ital bone.* 


Relations. By its f^uper/icial surface it is m i elation \\ith the integument and 
atysuia, from which it is separated by the external jugular vein, sovoral ot the 
Hupenicial branches of the eeruodl plexus, and the anterior layer of the deep cervical 
ascia. By its deep svrface it is in relation with the stcrno-elavieular articulation, the 
proct'Sb of the dee]) eeivical fascia whicli lands the posterior belly of the Omo-hyoid to 
the st^aum and clavicle, the f^terno -hyoid, Steriio-thyroid, Omo-hyoid, posterior belly 
o le Uigastric, Levator anguli scapuhe, Sfdcnius and Sealeni muscles, the common carotid 
artery, the internal and anterior jugular veins, the origins of the internal and external 
caro 1 arteries, the occipital, subclavian, traiisversahs eolh, and suprascapular arteries 
aiu veins, the phrenic, pneumogastric, hyjxiglossal, descendens and communieantes 
ypog oshi nerves, the spinal accessory nerve which pierces its upjier third, the cervical 

? brachial plexus, parts of th(‘ tJiyroid and parotid glands 

and their vessels, and the deep lymphatic glands. 

Actions.- Whuu only one Sterno-mastoid muscle acts, it draws the head 
towards the shoulder ol the same side, assisted by tjie Splenius and the ObUquus 
capitis inlcnor of the opposite side. At the same time it rotates the head so as 
to carry the face towards the opposite side. If the head be fixed, the two muscles 
assist in elevating the thorax in forced inspiration. Acting together horn their 
stemo-olavicular attachments the muscles will flex the cervical part of the 
vertebral column. 

Platysma is supplied by the facial nerve ; HtifTlir 

jjy fihfi spinal' <M)06S6ocy *aa d blanches from the anterior primarv. divisions 
second and thiwi ccrviaal iioi!V«eB. 

■Pom.—^e anterior edge of the muscle forms a very prominent ridge beneath 
constitutes a gmdo vo the surgeon in making the necessary incisions for 
ligature of the common or external carotid artery, or of the internal jugular vem. 

surgical anatomy of the Stemo-mastoid muscle is of import- 
^ with the ^formity known as wry-neck, which is due to a contracted 
condition of this muscle. The wry-neck may be temporary, as the result of direct 

Hie n«!k* ***““ triangles will be more fully described with that of ttic vessels of 
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irritation of the muscle or of the nerves which supply it, and may occur in acute glandulai^ 
enlargement, cellulitis of the neck, myositis of the muscle, or cervical caries. It may* 
however, be permanent, and is then most often due to injury to the muscle during birth, 
especially in breech presentations ; rupture of the muscle and subsequent cicatricial 
contraction taking place. In these cases, division of the muscle is often necessary to effect 
a cure, and this may be done either subcutaneously or through an open wound. The' 
subcutaneous method is thus performed : the external jugular and anterior jugular veins 
having been, if possible, defined, a tenotomy knife is introduced close to the margin of 
one tendon of origin of the muscle, about half an inch above the clavicle, and the teno- 
tome passed flat behind the tendon and then turned forwards, and the tendon divided 
from behind forwards while the muscle is put well upon the stretch by an assistant. The 
other tendon is then divided in a similar manner. In dividing the clavicular origin, it is 
always desirable to introduce the tenotome along the posterior border, in order to avoid 
the external jugular vein. The open method is, however, much to be preferred, as being'-'' 
the more effectual and the less dangerous, if precautions are taken to keep the wound 
aseptic. The tendons of origin jire freely exposed by a horizontal incision across the root 
of the neck and ciarefully divided ; any tense bands of fascia which ‘can be felt should 
also be divided. The wound is now sutured and dressed, and the head fixt^d in as straight 
a position as possible. 

There is also a condition coming on in adult life (spasmodic torticollis), which is a very 
distressing form of functional nervous disease. It begins with tonic or clonic spasm of 
one of the Sterno-mastoids, which is soon followed by spasm of the Trapezius, particularly 
its clavicular portion. The Splenius of the opposite side, the Scaleni, Complex!, and 
lYachelo-mastoids, may all liecome involved in turn, with secondary contracture of the 
deep cervical fascia. Operation in these cases often fails to give satisfactory results. 
Tenotomy of the affected muscles or section of the nerves supplying them may afford 
temporary relief, but the, spasm often returns when the cut nerves or muscles rejoin. 

IT. Infhahyoid Region (figs. 490, 491) 

Sterno-hyoid. Thyro-hyoid. 

Sterno-thyroid. Omo-hyoid. 

sternohyoideus) is a thin, narrow, riband-like 
muscle, which arises from the posterior surface of the inner extremity of the 
clavicle, the posterior skTno-clavicular ligament, and tlie upper and posterior 
part of the manubrium sterni ; passing upwards and inwards, it is inserted, 
oy short, tendinous fibres, into the lower border of the body of the hj^oid bohe. 
Below, tliis muscle is separated from its fellow by a considerable interval ; 
but the tw'o muscles come into contact with one another in the middle of 
their course, and from this upwards, lie side by side. It sometimes presents, 
immediately above its origin, a transverse tendinous intersection, like those 
in the Rectus abdominis. 

The Sterno-thyroid (m. sternoth^eoideus) is shorter and wider than 
the preceding muscle, beneath wdiich it is situated. Itjjjises from the posterior 
surfaee of the manubrium sterni, below the origin of the Storno-hyoid, and 
from the edge of the cartilage of the first rib, and sometimes of the second 
rib also ; and is inserted into the oblique line on the side of tlie ala of the 
thyroid cartilage. This muscle is in close contact with its fellow at the low^er 
part of the neck ; and is occasionally traversed by a transverse or oblique 
tendinous intersection like those in the Rectus abdominis. 

The Thyro-hyoid (m. thyreohyoideus) is a smaU, quadrilateral muscle 
appearing likf; a continuation of the Sterno-thyroid. It arises from the oblique 
line on the side of the thyroid cartilage, and passes vertically upwards to be 
inserted into the lower border of the body and greater cornu of the hyoid 
bone. 

The Q mo-hyoid (m. omohyoideus) passes across the side of the neck, 
from theT8tt|)OT|fv^ hyoid bone. It consist of two flesliy bellies united 
by a central tendon. It ^yifles lfrnm the upper^rder of the scapula, and 
occasionally from the transverse ligament which crosses the suprascapular 
notch, its extent of attachment to the scapula varying from a few lines to 
an inch. From this origin, the posterior belly forms a flat, narrow fasciculus, 
which inclines forw^ards and slightly upwards across the lower part of the 
neck, being bound dowm to the clavicle by a fibrous expansion ; it then 

S asses behind the Sterno-mastoid muscle, becomes tendinous and changes its 
ireotion, forming an obtuse angle. It termir^s^es, in the anterior belly, w'hioh 



INFRAHYOID REGION 


477 

passes almost vertically upwards, close to the outer border of the Sterno- 
hyoid, to be inserted into the lower border of the body of the hyoid bone, 
just extern^ to the insertion of the Sterno-hyoid. The central tendon of this 
inuscle, which varies much in length and form, is held in position by a process 
of the deep cervical fascia, which sheathes it. This process is prolonged down 
to be attached to the clavicle and first rib. It is by this means that the angular 
form of the muscle is maintained. 

The posterior belly of the Omo-hyoid divides the posterior triangle of the neck 
into an upper or occi/pital and a lower or subclavian triangle, while its anterior belly 
divides' the anterior triangle into an upper or carotid and a lower or muscular fcriangle. 

Nerves. — The Thyro-hyoid is supplied by a branch from the hypoglossal 
nerve ; the anterior belly of the Omo-hyoid by the descendens hypoglossi ; the 
Sterno-hyoid, Sterno-thyroid, and posterior belly of the Omo-hyoid, are supplied' 


Fio. 491. — Muscles of the nock. Anterior view. 
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body of the mandible, and extending, in a curved form, from the mastoid 
process of the temporal to the symphysis menti. Xii^jj^sterior belly (venter 
posterior), longer than the anterior, Aciaea Jn)m the digastric groove on the 
inner side of the mastoid process, and passes downwards, forwards, and 
inwards. The anterior beUy (venter anterior) a ris es from a depression on 
the inner side of the lower border of the mandible, close to the symphysis, 
and passes downwards and backwards. The two bellies terminate in the 
central tendon which perforates the Stylo-hyoid muscle, and is held jn 
connection with the side of the body and the greater cornu of the hyoid 
bone by a fibrous loop, lined by a synovial membrane. A broad aponeurotic 
layer is given off from the tendon of the Digastric on eitlier side, to be attached 
to the body and boater cornu of the hyoid bone ; this is termed the suprahyoid 
afonmrosis. It forms a strong layer of fascia between the anterior portions 
of the two muscles, and a firm investment for the deeper muscles of the 
supra-hyoid region. 

The Digastric muscle divides the anterior superior triangle of the nock into 
smaller triangles : (1) the submazillary triangle, bounded above by the lower 
border of the body of the mandible and a line drawn from its angle to the mastoid 
process, below by the posterior belly of the Digastric and the Stylo-hyoid 
muscles, in front by the anterior belly of the Digastric ; (2) the carotid triangle, 
bounded above by the posterior belly of the Digastric and Stylo-hyoid, behind 
by the Sterno-mastoid, below by the Omo-hyoid ; (3) the suprahyoid or sub- 
mental triangle, bounded externally by the anterior belly of the Digastric, internall}' 
by the middle line of the neck from the hyoid bone to the symphysis menti and 
inferiorly by the body of the hyoid bone. 

Relations. — The Digastric is in relation by its superfcial surface with the Platysma. 
Storno-mastoid, part of the Splenius, Traoh^o^inastoid, mastoid process, Stylo-hyoid, 
and the parotid gland. I’he deep surface of the anterior belly lies on the Mylo-hyoid ; 
the deep surface of the posterior belly on tlie Stylo-glossus, Stylo-pharyngous, and 
Hyo-glossus muscles, the external carotid artery and its occipital, lingual, facial, and 
ascending pharyngeal branches, the internal carotid artery, internal jugular vein, and 
hypoglossal nerve. 

The Stylo-hyoid (m. stylohyoideus) is a small, slender muscle, lying in 
fpant. of, and above, the posterior belly of the Digastric. iLjuises from the 
back and outer surface of the styloid process, near the base ; and, passing 
downwards and forwards, is inserted into the body of the hyoid bone, 
at its junction with the greater cornu, and just above the Omo-hyoid. This 
muscle is perforated, near its insertion, by the tendon of the Digastric. 

The stylo-hyoid ligament . — In connection with the Stylo-hyoid muscle 
a ligamentous band, the stylo-hyoid ligament, may be described. It is a fibrous 
cord, often containing a little cartilage in its centre, which continues the 
styloid process dow'n to the hyoid bone, being attached to the tip of the former 
and the lesser cornu of the latter. It is often partially ossified, and in many 
animals forms a distinct bone, the epihual . 

The Mylo-hyoid (m. raylohyoideus) is a flat, triangular jsmscle, situated 
immediately above the anterior belly of the Digastric, and forming, with 
its follow of the opposite side, a muscular floor for the cavity of the mouth. 

It arises from the whole length of the mylo-hyoid ridge of the mandible, 
extending from the symphysis in front to the last molar tooth behind. The 
posterior fibrer pass inwards and slightly downwards, to be inserted into the 
body of the hyoid bone. The middle and anterior fibres are inserted into a 
median fibrous raphe extending from the symphysis menti to the hyoid bone, 
where they join at an angle with the fibres of the opposite muscle. This 
median raphe is sometimes wanting ; the muscular fibres of the two sides 
are then directly continuous with one another. 

^Relations. — The mylo-hyoid is in relation by its superficial or under sur/oce with the 
Platysiaa, the antcuior belly of the Digastric, the suprahyoid aponeurosis, the suporheial 
part of the submaxillary gland, the facial and submental vessels, and the mylo-hyoid 
vessels and nerve. By its deep or superior surface it is in relation with the Genio-hyoid, 
part of the Hyo-glossus, and Stylo-glossus muscles, the hypoglossal and lingual nerves, , 
the submaxillary ganglion, the sublingual gland, the deep portion of the submaxillary 
glaiid And Wharton’s duct, the sublingual and ranine vessels, and the buccal mucous 
membrane. 
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The Genio-hyoid (m. geniohyoideus) is a narrow, slender muscle, situat^ 
above the inner border of the preceding. It arisea from the ii^erior gei^l 
tubercl e ) On jhe inner side of the symimyais menti, -and passes downwards 
and backwards, to be inserted into the emterior surface of the body of the 
hyoi d honft , This muscle lies in close contact with its fellow of the opposite 
side, and incteases slightly in breadth as it descends. 

‘ Nerves.—The Mylo-hyoid and anterior belly of the Digastric are supplied by 
the mylo-hyoid branch of the inferior dehtabl ; the Stylo-hyoid and posterior belly 
of the Digastric, by the facial the Genio-hyoid, by the hypoglossal. 

Actions. — These muscles perform two very important actions. They raise the 
hyoid bone, and with it the base of the tongue, during the act of deglutition ; 


Fig. 492. — Muscles of the tongue. Left side. 



or, when the hyoid bone is fixed by its depressors and those of the larynx, 
tji.ey depicss the mandible. During the first act of deglutition, when the mass 
of food is being driven from the mouth into the pharynx, the hyoid bone and 
with it the tongue, is carried upwards and forwards by the anterior belly of tlie 
Digastric, the Mylo-hyoid, and (Tcnio-hyoid muscles. In the second acjt, wlien 
the mass is passing through the pharynx, the direct elevation of the hyoid bone 
takes place by the combined action of all the muscles ; and after the food has 
passed, the hyoid bone is carried upwards and backwards by the posterior belly of 
the Digastric and the Stylo-hyoid, which assist in preventing the return of the food 
into the mouth. 


IV. Lingual Region (fig. 492) 

Genio-liyo-glossus. Chondro-glossus. 

Hyo-glossus. Stylo-glossus. 

Palato-glossus.* 

^ The Genio-hyo-glossus (m. genioglossus) has received its name from 
its tri ple attachment to the mandible, hyoid bone, and tongue, but its 

* The Palato^gloasm^ or Corntrictor Uthmi although one of tJie muscles of the 

tongue, serving to draw its base upwards during the act of deglutition, is more closely 
associated with the soft palate, iKith in situation and function ; it will, consequently, be 
described with the muscles of that structure (p. 486). ^ 
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connection with the hyoid bone is very slight and may be altogether absent. It 
is a fiat, triangular muscle, placed vertically close to the middle line, its ape^ 
corresponding with its point of origin from the mandible, its. base with its 
insertion into the tongue and hyoid bone. It arises by a short tendon from 
the superior genial tubercle on the mner surface of the symphysis menti, 
immediately above the Genio-hyoid, and from this point spreads out 
fan-like form. The inferior fibres extend downwards, to be attached by a 
thin aponeurosis to the upper part of the body of the hyoid bone, a few 
passing between the Hyo-glossus and Chondro-glossus to blend with the 
Constrictor muscles of the pharynx ; the middle fibres pass backwards, and 
the superior ones upwards and forwards, to enter the whole length of the 
under surface of the tongue, from the base to the apex. Behind, the muscle 
is quite distinct from its fellow of the opposite side ; the two muscles are 
separated at their insertions into the under surface of the tongue by a 
tendinous raphe, wliich extends through the middle of the organ ; in front, 
they are more or less blended : distinct fasciculi are to be seen passing off 
from one muscle, crossing the middle line, and intersecting bundles of fibres 
derived from the muscle on the other side. 

The Hyo-glossus is a tliin, flat, quadrilateral muscle, which arises from 
the side of the body and w hole length of the greater cornu of the hyoid bone, 
and passes almost vertically upwards to enter the side of the tongue, between 
the Stylo-glossus and Inferior lingualis. The fibres of this muscle which 
arise from the body of the hyoid bone are directed iipw'ards and backw^ards, 
overlapping those arising from the greater cornu, which are inclined upw^ards 
and forv^ ards. 

Relations. — The Hyo-glossus is in relation by its external surface with the Digastric, 
the Stylo-hyoid, Stylo-glossuH and TVlylo-hyoid muscles, the submaxillary ganglion, the 
lingual and hypoglossal nerves, Wharton’s duct, the ranine vein, the sublingual gland, 
and the deep portion of the submaxillary gland. By its deej) surface it is in relation with 
the stylo-hyoid ligament, the Gonio-hyo-glossus, Inferior lingualis, and Middles constrictor, 
the lingual vessels, and the glosso-pliaryngcal nerve. 

The Chondro-glossus is a distinct muscular slqi, though it is sometimes 
described as a part of the Hyo-glossus, from which, how^ever, it is scfiarat/cd 
by the fibres of the Geiiio-hyo-glossus, which pass to the sid(‘ of the iiharyiix. 
It is about three-quarters to an inch in length, and arises from the innei* 
side and base ot the lesser cornu and conligiious portion of the body of th(‘ 
hyoid bone, and i)asses directly upwards to blend witli tlie intrinsic muscular 
fibres of tlie tongue, between the Hyo-glossus and Genio-hyo-glossiis. 

A Biiiall slip of musculjir fibres is occasionally found, arising from the 
cartilage triticea in the thyro-hyoid ligament ; it; passes ujjw^ai ds and forw ards 
and enters the tongue with the liindermost fibres of t he Hyo-glossus. 

The Stylo-glossus, the shortest and smallest of the three styloid musejevs, 
arises from the anterior and outei* side of the styloid process, near its aj)ex, 
and from tlic stylo- mandibular ligament. Passing downwards and forwards 
between the internal and external carotid arteries, and becoming nearly 
hoiizontal in its direction, it divides upon the side of the tongue into two 
portions : one, longitudinal, enters the side of the tongue near its dorsal 
surface, blending with the fibres of the Inferior lingualis in front of the Hyo- 
gJossus ; the other, oblique, overlaps the Hyo-glossus muscle and decussates 
with its fibres. 

Nerves. — The muscles of this group are supplied by the hypoglossal. 

Muscular substance of tongue (fig. 493). — The tongue consists of two sym- 
mctricaJ portions separated from each other in the middle line by a fibrous 
septum. Its muscular fibres run in various directions, but may be grouped into 
two sets — extrinsic and intrinsic. The. extrinsic muscles are those which have 
their origin external to, and their terminal fibres contained in, the substance of 
the organ. They are : the Stylo-glossus, the Hyo-glossus, the Palato-glossus, 
the Genio-hyo-glossus, and part of the superior constrictor of the pharynx 
(Pharyngo-gloasus). The intrinsic are those which arc contained entirely within 
the tongue ; they form the greater part of its muscular structure. 

immediately beneath the mucous membrane is a submucous, fibrous layer; 
into Which thei^niuscular fibres which terminate on the surface of the tongue are 
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inserted. Upon removing this with the mucous membrane, the first stratum of 
muscular fibres is exposed. This belongs to the group of intrinsic muscles, and 
has been named the Superior Upg-nnl^ It consists of a thin layer of oblique and 
longitudinal fibres, which arise from the submucous fibrous layer, close to the 
epiglottis, and from the fibrous septum, and pass forwards and outwards to the 
edges of the tongue. Between its fibres pass some vertical fibres derived from 
the Genio-hyo-glossus and from the Vertical intrinsic muscle, which will be 
described later on. Beneath this layer is the second stratum of muscular fibres, 
derived principally from the extrinsic muscles. In front, it is formed by the fibres 
derived from the Stylo-glossus, running along the side of the tongue, and sending 
one set of fibres over the dorsum which runs obliquely forwards and inwards 
to the middle line, and another set of fibres, on to the under surface of the 
sides of the anterior part of the tongue, which runs forwards and inwards, between 
the fibres of the Hyo-glossus, to the middle line. Behind this layer of fibres, 
derived from the Stylo-glossus, are fibres dtirived from the Hyo-glossus, together 
witJi some few fibnis of the Palato-glossus. The Hyo-glossus, entering the side 
of the under surface of tlie tongue, betw^een the Stylo-glossus and Inferior lingualis, 
passes round its niargiii and spreads 
out into a lay<^r on the dorsum, 
which oc.cu})ies the middle third of 
the. organ, and runs almost trans- 
V(‘rsely inwards to the septum. It 
is reinforced by sonu* libn‘s from 
the I’alato-glnssus ; otlier fibres of 
this muscle pass more deeply and 
intermingle with the next layer. 

The posterior })art of the second 
layer of the museular fibres ol the 
tongue is derived from those filnes 
of tile Hyo-glossus which arise from 
the lesser cornu of the hyoid bone, 
and are here descril)ed as a separate 
muscle — the (liondro-glossus. The 
fibres of this musch* are arranged 
in a fan- shaped maiincT, and spread 
out. over tJu^ posterior third of tlie 
tongue. Beneatli this layer is the 
great mass of the intrinsic muscles 
of the tongue, intersected at right 
angles by the terminal fibres of 
om*. of tlie extrinsic musc.les — the 
Genio-hyo-glossus. This portion 
the tongue is paler in colour and 
softer in tc^xture than that already 
described, and is sometimes desig- 
nated the medullary portion in contradistinction to the firmer superficial part, 
which is termed the eortical portion. It consists largely of transverse fibres, the 
Hran&nerse lingualis, and of vertical fibres, the Vertical lingualis. The Transvm’se 
lingualis forms the. largest portion of the third layer of muscular fibres of the 
tongue. The fibres arise from the median septum, and pass outwards to be 
inserted into the submucous filirous layer at the sides of the tongue. Intermingled 
with these transverse intrinsic fibres are transverse (ixtrinsic fibres derived from 
the Palato-glossus and the Superior constrictor of the pharynx. Tluvse Trans- 
verse,, extrinsic fibres, how^ever, run in the opposite direction, passing inwards 
towards the septum. Intersecting the transverse fibres are a large number of 
vertical fibres derived partly from the Genio-hyo-glossus and partly from intrinsic 
fibres, the Vertical lingualis. The fibres derived from the Gcnio-hyo-glossus enter 
the under surface of the tongue on either side of the median septum from base to 
ajiex. They ascend in a radiating manner to the dorsum, being inserted into the 
submucous fibrous layer covering the tongue on either side of the middle line. The 
Vertical lingualis is found only at the borders of the fore part of the tongue, 
external to the fibres of the Genio-hyo-glossus. Its fibres extend from the upper 
to the under surface of the organ, decussating with the fibres of the other muscles, 

I T 


Fio. 4P‘i. -(Coronal section of tongue, showing 
intrinsic iiiusi^los. (Altere*^ from Krause.) 
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and especially with the Transverse lingiialis. The fourth layer of muscular fibres 
of the tongue consists partly of extrinsic fibres derived from the Stylo-glossus, and 
partly of intrinsic fibres, the Inferior Iwgualis. At the sides of the under surface 
of the organ are some fibres derived from the Stylo-glossus ; as this muscle runs 
forwards at the side of the tongue, it gives off fibres which pass forwards and 
inwards between the fibres of the Hyo-glossus and form an inferior oblique stratum 
which joins in front with the anterior fibres of the Inferior lingiialis. The Inferior 
lingualis is a longitudinal band, situated on the iindor surface of the tongue, and 
extending from the base to the apex of the organ. Behind, some of its fibres are 
connected with the body of the hyoid bone. It lies between the Hyo-glossus and 
the Gcnio-hyo-glossus ; in front of the Hyo-glossus it conies into relation with 
the Stylo-glossus, with the fibres of which it blends. It is in relation by its under 
surface with the raniiic artery. 

Applied Anatomy . — The fibrous septum which exists between the two halves of the 
tongue is very complete, so that the anastomosis betw^een the two lingual arteries is not 
very free. 

This is a point of considerable imjiortanco in connection with removal of one-half of 
the tongue for cancer, an operation which is now frequently resorted to when the disease 
is strictly confined to one side of the organ. If the mucous membrane be divided longi- 
tudinally exactly in the middle line, the tongue can lie split into halves along the median 
raphe, without any appreciable ha^morrliage, and the diseased half can then be removed. 

Actions.— The movements of the tongue, although numerous and complicated, 
may be understood by carefully considering the direction of the fibres of its 
muscles. The Gcnio-hyo-glossi, by means of tlieir posterior fibres, diaw the 
base of the tongue forwards, so as to protrude the apex from tlic mouth. The 
anterior fibres draw the tongue back into the moutli. The wholti of these two 
muscles acting along the middle line of the tongue draw it downwards, so as 
to make it concave from side to side, forming a channel along which fluids may 
pass towards the pharynx, as in sucking. The Hyo-glossi depress the tongue, 
and draw down its sides, so as to render it convex from side to side. The Stylo- 
glossi draw the toiigiK) uj)wards and backw’ards. The Palato-glossi draw the bast^ 
of the tongue upw'ards. The intrinsic muscles are mainly concerned in altering the 
shape of th(^ tongue, whereby it becomes shortened, narrowcul from side to side, or 
curved in different directions; thus, the Superior and Inferior linguales lend to 
shorten the tongue, but the former, in addition, turn the tip and sides upwards 
so as to nmder the dorsum concave, while the latter jiull the tip downw^ards 
and cause the dorsum to become convex. The Transverse lingualis narrows and 
elongates the tongue, and tins Vertical lingualis flattens and broadens it. The 
comjilex arrangement of the muscular fibres of the tongue, and the various direc- 
tions in which tliev run, give to this organ tlu^ power of assuming the various 
forms ne(M*ssary for the enunciation of the diffenmt consonantal sounds ; and 
Macalister states ‘ there is reason to believe that tlui musculature of the tongue 
varies in different races owing to the hereditary practice and habitual use of cintaiii 
motions rcquir<Hl for enunciating the several vernacular langnag(*.s.' 


V. Phauynoeal Region (fig. 494) 

Inferior constrictor. Superior constrictor. 

Middle constrictor. Stylo-pharyngeus. 

Palato-pharyngcus. | j 

Salpingo-pharyngcus. ) ' 

The Inferior constrictor (m. constrictor pharyiigis inferior), the thickiist 
of the thr(‘o c.onslrietors, arises from the sides of the cricoid and thyroid carti- 
lages. To the cricoid cartilage it is attached in the interval betwTeii the (h'ico- 
thyroid muscle in fronf, and the articular facet for the inferior (;ornu of the 
thyroid cartilage behind. To the thyroid cartilage it is attached to the oblique 
line on the sid^* of the ala, to the cartilaginous surface bifliind it, nearly as 
far as its posterior border, and to the inferior cornu. From these attaclirnents 
the fibres spread backw ards and inwards, to be inserted into the fibrous raphe 
in the posterior median line of the pharynx. The inferior fibres are horizontal, 
and continuous with the circular fibres of the oesophagus ; the rest ascend, 
increasing in obliquity, and overlap the Middle constrictor. 



PHARYNGEAL REGION 
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Relations. — ^The Inferior constrictor is covered by a thin membrane which surrounds 
the entire pharynx (bucco-pharyngeal fascia). Behind, it is in relation with the vertebral 
column and the prevertobral fascia and muscles ; laterally, with the thyroid gland, the 
common carotid artery, and the Steriio-lhyroid muscle ; by its internal surface, with the 
Middle constrictor, the Stylo-pharyngeua, Palato-pharyngeua, the pharyngeal aponeurosis 
and mucous membrane of the pharynx. The internal laryngeal nerve and the lar^mgcal 
branch of tlie superior thyroid artery run near the upper border, and the inferior or 
recurrent laryngeal nerve and the laryngeal branch of the inferior thyroid artery pass 
beneath the lower border of this muscle, before they enter the larynx. 

The Middle constrictor (in. oonstriotor pharyngis medius) is a flattened, 
fan-shaped niuschi, smaller than the preceding. It arises from the whole length 
of the upi^er border of th(^ greater cornu of the hyoid bone, from the lesser 
cornu, and from the stylo-hyoid ligament. The fibres diverge from their 
origin : the lower ones descending beneath the Inferior constrictor, the middle 
fibres passing transversdy, and the 

upper fibres ascending and overlapping 494.— Muscles of the pharynx, 

the Superior constrictor. The muscle Kxtojnal view, 

is inserted into the posterior median 
fibrous raphe, blending in the middle 
line with the one of the opposite 
side. 

Relations. — This muscle is separated from 
the Superior constrictor by the glosso- 
pharyngeal nerve and the Stylo-i)haryngeus 
and stylo-hyoid ligament ; and from the 
Inferior (jonstrietor by the internal laryngeal 
nerve and laryngeal branch of the superior 
thyroid artery. Behind, it lies on the prover- 
t(jbral fascia, the Longus colli, and the Rectus 
capitis anticus major. On ils outer side it 
is in relation with the carotid vessels, the 
pharyngeal jiloxus, and some lympliatie 
glands. Near its origin it is covered by the 
Hyo-glossus, from wliich it is separated 
by the lingual vessels. It lies upon the 
Superior (Jonstrietor, the Stylo-pharyngiMis, 
the Palato-phnryugeus, the pharyngeal 
af)oneurosis, and the mucous membrane of 
the pharynx. 

The Superior constrictor (m. con- 
strictor phearyngis superior) is a (piadri- 
lateral muscle, ih inner and paler than 
;iic other Constricitors, and situated 
at tlie upper part of the pharynx. It 
arises from the lowiu* third of the pos- 
terior margin of t-hc internal ptmygoid 
plat(' and its hamiilar process, from 
the pterygo-mandibular ligament, from the alveolar process of tlie mandible 
above the posterior extremity of the inylo-hyoid ridge, and by a few fibres 
from the side of the tongue. From these points the fibres curve backwards, 
to bo inserted int.o the median raphe, being also prolonged by means of an 
aponeurosis to the pharyngeal spine on the basilar process of tlie occipital 
bone. The superior fibres arch beneath the Levator palati and the Eustachian 
tube. The interval between the upper border of the muscle and the base 
of the skull is deficient in muscular fibres, and closed by the pharyngeal 
aponeurosis ; it is known as the sinus of Morqaqni. 



Relations. — ^The Suj)enor constrictor is in relation by its outer surface with the pre- 
vortebral fascia and muscles, the vertebral column, the internal carotid and ascending 
pharyngeal arteries, the internal jugular vein and phoTyngeal venous plexus, and the 
gloBso-pharyngeal, pneumogastric, spinal accessory, hypoglossal, lingual, and sympathetic 
nerves, the Middle constrictor and Internal pterygoid muscles, the styloid process, the 
stylo’-hyoid ligament, and the Stylo -pharyngeus. By its internal surjace it is in relation 

1 1 
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with the Palato-pharyngeuB, the tonsil, the phar 3 rngeal aponeurosis and mucous membrane 
of the pharynx. Its lower border is separated from the Middle constrictor of the pharynx 
by the IStylo-pharyngeus muscle and the glosso-pharyngeal nerve. 

■•f 

The Stylo-pharyngeus is a long, slender muscle, cylindrical above, broad 
arid thin below. It arises from the inner- side of the base of the styloid process, 
passes downwards along the side of the pharynx between the Superior and 
Middle constrictors, and spreads out beneatli the mucous membrane. Some 
of its fibres arc lost in the Constrictor muscles, while others, joining with the 
Palato-pharyngeus, are inserted into the posterior border of the thyroid 
cartilage. The glosso-pharyngeal nerve runs on the outer side of this muscle, 
and crosses over it in passing forward to the tongue. 

Nerves. — The Oonstrictors are supplied by branches from the pharyngeal 
plexus, the Inferior constrictor by additional branches from the cxtcrjial and 
recurrent laryngeal Jierves, and the Stylo-pliaryngeus by the gl()aao-pharvng(5H-l 
nerv(j. 

Actions. — \\']icn deglutition is about to be ])<n-formcd, the pharynx is drawn 
upwards and dilated in different directions, to receive tiie food propelh'd into it 
from the mouth. The Stylo-phaiynaei, which are much farther reniovi'd from 
one another at their origin than at their insertion, draw tlie sides of tlie pharynx 
npwardvS and outwards, and so increase its transverse diameter ; its breadth in 
the antero-posterior direction is increased by the larynx and tongue being carri(*d 
forwards in their ascent. As soon as the bolus is received in the ])liarvnx, tlie 
elevator muscles relax, the pharynx descends, and the Constrictors contract iipmi 
the bolus, and convey it gradually dow iiw'ards into the tesophagns. 

VI. Palatal Ke(jion (fig. 495) 

Levator })alati. " PaJato-glossus. 

Tensor palati. Palato-pharyiigcus. 

Azygos uvuhe. Salpingo-pbaryngeus. 

The Levator palati (m. levator veli jmlatini) is a long, thick, lounclcd 
muscle, placed on the outer side of tin? ])osteri()r nares. Il arises from the 
under surface of tin? apex of the petrous portion of the temporal bone, and 
froru the inner- surface of the cartilaginous por-tion of tire Eustardrian tube. 
After passing above the upper eoneave margin of the Superior const rietor, 
it sprefids out in the soft palate, its fibres extending obliquely downwards 
and inwards, as far as the middle lirr<‘, where they blend with those of tbe^ 
opposite sid(‘. 

The Tensor palati (m. tensor veli palatini) is a broad, thin, ribaucl-like 
muscle, placed on the outer side of the Levator palati, and consisting of a 
vertical and a Jioi-izontal poj-tion.. The vertical portion arises by a flat lamella 
from the scaphoid fossa at the base of the internal pterygoid i)late, from tlie 
spine of the sphenoid, and from the outer side of the enrtilaginf)ris ]K)r’ti()n 
of th(^ Eustachian tube. Descending vertically between the internal pterygoid 
plate and the inner surface of the Iritr^nial pter-ygoid inusele, it tc^rmiiuites 
in a tendon, which winds round the liamular process, being retained in this 
situation by some of the fibres of origin of tlie Internal pterygoid muscle. 
BetAvecn the haniular process and tiie tendon is a small bursa. The tf-ndon 
or horizontal portion then passes inwards, and is inserted into a broad 
aponeurosis, the palatine aponeurosis, and into the transverse ridge on the 
horizontal portion of the palate bone. 

Palatine aponeurosis, — Attached to the posterior border of the hard 
jDalatc is a tliin, firm, fibrous lamella wliich supports the muscles and 
gives strength to the soft palate. It is thicker above than below’, where it 
becomes very thin and difficult to define. Laterally, it is continuous with 
the pharyngeal iiponeui osis. 

The Azygos uvulae (m. uvulae) is not a single muscle, as would bo 
inferred from its name, but a pair of narrow cylindrical fleshy fasciculi, 
placed one on either side of the median line of the soft palate. Each muscle 
arises from the posterior nasal spine of the palate bone, and from the con- 
tiguous tendinous aponeurosis of the soft palate, and descends to be inserted 
into the uvula. 
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The Palato-glossus (m. glossopalatinus) is a small fleshy fasciculus, 
narrower in the mid^e tlmn at either extremity, forming, with the mucous 
membrane covering its surface, the anterior pillar of the fauces. It arises 
from the anterior surface of tlic soft palate, W'here it is continuous^ with the 
muscle of the opposite side, and passing downwards, forw^ards, and outwards 
in front of the tonsil, is inserted into the side of the tongue, some of its fibres 
spreading over the dorsum, and others passing deeply into the substance 
of tlie organ to intermingle with the Transverse lingualis. 

The Palato-pharyngeus (ra. pharyngopalatirius) is along, fleshy fasciculus 
narrower in the middle than at either extremity, forming, Avith the mucous 
ineinbj ano covering its surface, the posterior pillar of the fauces. It is 8e2)arated 
from the Palato-glossus by an angular interval, in which the tonsil is lodged. 
It arises from the soft palate by an expanded fasciculus, uhich is divided into 


t'lc;. 405. - -Muscles of the soft palate. TJie pharynx is laid open from behind. 



tw o parts by the Levator palati and Azygos uvulai. The yosterior fasciculus 
lies in c;ontact with the mucous membrane, and joins with the corresponding 
muscle in the middle line ; the anterior fasciculus, the thicker, lies in the 
soft palate between the Jjcvator and Tensor, and joins in the middle line the 
corresponding part of the oj)posite muscle. Passing outAvards and doAviuvards 
behind the tonsil, the Palato-pharyngeus joins the Stylo-pharyngeus, and 
is inserted with that muscle into tlu^ posterior border of the thyroid cartilage, 
some of its fibres being lost on the side of the pharynx, and* others passing 
across the middle line 2)osteriorly, to decussate Avith the muscle of the opposite 
side. 

The Salpingo-pharyngeus. — This muscle arises from the inferior part of 
tlu‘ Eustachian tube near its orifice ; it 2)a8ses doAAUAvards and blends AA'ith the 
.posterior fasciculus of the Palato-pharyngeus. 
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In a dissection of the soft palate from its posterior or nasal surface to its 
anterior or oral surface, the muscles would be exposed in the following order ; 
viz. the posterior fasciculus of the Palato-pharyngeus, covered by a continuation 
of the mucous membrane of the floor of the nasal fossae ; the "Azygos uvulae ; 
the Levator palati ; the anterior fasciculus of the Palato-phar 3 n:igeus ; the 
aponeurosis of the Tensor palati, and the Palato-glossus covered by a 
continuation of the oral mucous membrane. 

Nerves. — The Tensor palati is supplied by a branch from the otic ganglion ; 
the remaining muscles of this group are in all probability supplied by the bulbar 
portion of the spinal accessory through the pharyngeal plexus.* 

Actions. — During the first stage of deglutition, the bolus is driven back into 
the fauces by the pressure of the tongue against the hard palate, the base of the 
tongue being, at the same time, retracted, and the larynx raised with the pharynx, 
and carried forwards under it. During the second stage the entrance to the larynx 
is closed, not, as was formerly supposed, by the folding backwards of the epi- 
glottis over it, but, as Anderson Stuart has shown, by the drawing forward of 
the arytenoid cartilages towards the cushion of the epiglottis— a movement 
produced by the contraction of the External thyro-arytenoid, the Arytenoid and 
the Aryteno-epiglottidean muscles. 

The bolus after leaving the tongue passes on to the posterior or laryngeal surface 
of the epiglottis, and glides along this for a certain distance ; t then the Palato- 
glossi muscles, the constrictors of the fauces, contract behind it ; the soft palate 
is slightly raised by the Levator palati, and made tense by the Tensor palati ; 
and the Palato-pharyngei, by their contraction, pull thci pharynx u})wards over 
the bolus, and come nearly together, the uvula filling up the slight interval between 
them. By these means the food is prevented from passing into the naso- 
pharynx ; at the same time, the Palato-pharyngei form an inclined plane, directed 
obliquely downwards and backwards, along the under surface of which the bolus 
descends into the lower part of the pharynx. The Salpingo-jdiaryngei raise Die 
upper and lateral parts of the pharynx— i.e. those piirts which arc above* the points 
where the Stylo-j)haryngei are attached to the j^harynx. 

Applied Anatomy . — After the operation for the closure of a cleft in the palate, tlie 
palate muscles, especially the Tensor and Levator palati, have a tendemty to retard tlu* 
healing process by active traction upon the line of suture. To obviate tliis, it is ncccssarv 
to divide them. This is best done by making longitudinal incisions, on either side, parallel 
to the cleft and just internal to the hamular process, in such a position as to avoid the 
posterior palatine artery. 

Paralysis of the soft palate is a common sequel of diphtheria ; it ^ives rise to 
regurgitation of fluids through the nose. 


VII. Antekiok V KUTEEUAL Regton (fig. 496) 

Rectus capitis anticus major. Rectus capitis lateralis. 

Rectus capitis anticus minor. Longus colli. 


The Ri^ctus capitis anticus maior (m. longus capitis) 
above, upwards of thc! 


broad and thick 
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m. rcetiis capitis anterior) is a short, 
y behind the upper part of the preceding. 
It nf f.h« W^rn.1 mnsR of tlifi ylas. and from 

the root of its transverse process, and passing obliquely upwardsjmd inwards, 
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* ‘The Innervation ol’ the Soft ]*alate,* by Aldrcn Turner, Jntfrml of Anaiomy ami 
Physiology y vol. xxiii. p. .■)23. 

f Walton (quoted by Anderfeou Stuart) maintains that the epiglottis is not essential to the 
deglutition even of liquids. 




ANTERIOR VERTEBRAL REGION m 

The Logg^S cojliis a long, flat muscle, situated on the anterior surface of 
the verte^rarSSlIS^ItT^ the atlas and the third thoracic vertebra. It is 

broad in the middle, narrow and pointed at each extremity, and consists of 
three portions, a superior oblique, an inferior oblique, and a vertical portion. 
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llerves. — The Rectus capitis anticu^mnor and the Rectus lateralis are supplied 
from the loop between the first and second cervical nerves ; the Rectus capitis 
anticus major by branches from the second, third, and fourth cervical ; the 
Longus colli by branches from the second to the seventh cervical nerves. 

Aotions. — The Rectus capitis anticus major and minor are the direct antagonists 
of the muscles at the back of the neck, serving to restore the head to its natural 
position after it has been drawn backwards. These muscles also serve to flex 
the head, and from their obliquity, rotate it, so as to turn the face to one 
or the other side. The Rectus lateralis, acting on one side, bends the head 
laterally. The Longus colli flexes and slightly rotates the cervical portion of 
the spine. 
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VIII. Lateral Vertebral Region (fig. 496) 


Scalenus anticus. 


Scalenus posticus. 


Scalenus medius. 


The anticus (in. scalenus anteiior) is a cone-sha2)ed muscle, 

situated deeply at l^^sule ot tlic neck, behind the Stenio-mastoid. 
iterior tubenjlcs of the fransvei 


from t' 
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by a narrow, flat tendon ^jTQ^ t j i^ 

tlK?iippei^^urIa(*e of the rib between the grooves lor 
tlie siibcla vi an artery and vein. The lower part of this muscle separates 
the subclavian ai*tery and vein : the latter being in front, and the former, 
with the brachial plexus, behind. 

Relations . — In front of the Scalenus anticus are the clavicle, the Subclavius, Sterno- 
masioid, and Omo-hyoid muscles, the transversalis colli, the suprascapular and ascending 
cervi(;al arteries, the subclavian vein, and the phrenic nerve. By its posterior fnirface, it 
is in relation with the cords of the brachial plexus, the subclavian artery, and the pleura, 
which separate it from the Scalenus medius. It is separated from the Longus colli, on 
the inner side, by the vertebral artery. On the anterior tubercles of the transverse 
processes of the cervical vertcbric, bt;twoen the attachments of the Scalenus anticus 
and Longus colli, lii's tin? ascending et^rvieal branch of the inferior th>Toid artery. 


IwfTEwifsn 


dips (m. scalenus medius), the largest and longest of 
sterioi* tubercles of the transverse processes 
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awury, as Tar bach asthefubcrcle. 
t is separated from the Scalenus anticus by the subclavian artcTy below, 
and the cervical nerves above. The postiuior thoracic n(‘rv(^ or nerve of Bell, 
is formed in tlui substjmee of the Scalenus medius and ennM*g(^s from iL The 
nerve to the Rhomboids also ])ierees it. 

Relations. — The Scalenus medius is in ndation by its anterior siit face with the Sterrio- 
mast^tfft ; it is crosscfl by the clavicle, the Omo-byoid muscle, subclavian artery, and the 
cervical nerves. To its outer side are the Levator anguli sc*ai)uhe and the Scalenus 
}iO,sticus. 


(?lW t! !f ! gMil gf' ils^lt (ies(‘ends, is iaserU ; d by 

oJt^ t |ip iib* behind t'lie a f fa Mi i ne rit of tlie Serratus magnusT Tnis 

istlie most dee23ly placed of the three Sealeiii, and is occasionally blended 
with the Scalenus medius, 

Nerves.—The Scaleni are supplied by branches from the second to the seventh 
cervical nerves. 

Actions. — The Scaleni muscles, when they take their fixed points from above, 
ehivate the first and second ribs, and are, therefore, inspiratory muscles. When 
tlu'v take tJi(‘ir fixed points from ])elo\v, they bend the spinal column to one or 
oilier side. If the muscles of both sides act, lateral movement is prevented, but 
the spiiH^ is slightly llcx(*d. 

Surface. Form . — Tlio muscles in the neck, wdth the exception of the Platysma, are 
invested by the deep cervitjal fascia. The PlatysTna does not influence surface form 
unless it is in action, when it jiroduccs wTinkling of the skin of the neck, which is thrown 
into oblique ridges ])arallel with the fasciculi of the muscle. The Sterno-mastoid is tlie 
most important muscle of tlie neck as regards its surface form. If the muscle be put into 
action by drawing the chin downwards and to the opposite shoulder, its surface form 
will bo plainly outlined. The sternal origin will stand out as a sharply defined ridge, 
while the clavicular origin will present a flatter and less prominent outline. Ihe fleshy 
middle portion will appear as an oblique roll or elevation, with a thick rounded anterior 
border gradually becoming less marked above. When the muscle is at rest its anterior 
border is still visible, forming an oblique rounded ridge, terminating below in the sharp 
outline of the sternal head. The posterior border of the muscle does not show above 
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the clavicular head. The anterior border is defined by drawing a line from the tip of 
the mastoid process to the sterno -clavicular joint. It is an important surface-marking 
in the operation of ligature of the common carotid artery. Between the stomal and 
clavicular heads is a slight depression, most marked when the muscle is in action, which 
overlies the lower part of the internal jugular vein. This is bounded below by the promi- 
nent sternal extremity of the clavicle. Between the sternal origins of the two muscles 
is a V-shapod dejjrossion, the awprdsternal noich^ more pronounced below, and less so 
above, w'hcre the Stemo-hyoid and iSterno-thyroid muscles, lying upon the trachea, become 
more prominent. Above the hyoid bone, in tht^ middle line, the anterior belly of the 
to a certain extent influences surface form. It corresponds to a line drawn from 
the symphysis menti to the side of the body of the* hyoid bone, and renders this part of 
the hyo-mental region convex. In the posterior ti-ianglc of th(^ neck, the posterior belly 
ol the Omo-hi/oid^ wlien in action, forms a conspicuous object, especially in thin necks, 
presenting a cord-like form running across this region, almost parallel with, and a little 
above, the clavicle. 


MUSCLES ANT) FASCLE OF THE TRUNK 

The Muscles of Trunk may be ai ranged in four groups, corresponding 
vvilb the regions in vvliicdi they an* sitnato l. 

1. Tbe Back. 111. The Ahdonion. 

IT. Tbe Thorax. IN’. The P(dvis. 

The F(u*ina*uni. 


1. Muscles oe tiik JLvck 

i'ho muscles of tbe back are very numerous, and may be subdivided into 
five havers. 


Liust Lav'lr 
Ihapezius. 

Latissimijs dorsi. 

Second Layek 
L evatoi' anguli seapulje. 
Rbomboid(‘US minor. 

Rlioniboideus major. 

Thiud Layer 
Serial ns poslieus superior. 

Serralus posticus inhjrior. 

Sjihuiius capitis. 

Splenius colli. 

Fourth Layer 
Sacral and Lmnbar Negious 
Erector spina?. 

Thoracic Region. 

Ilio-costalis. 

Museulu s Jic cessorius ad ilio-eostale 

jUmCinfSU 


Longissimiis dorsi. 

Spinalis dorsi. 

Cervical Region 
Ck*rviealis aseendons. 
Transve rsalis eervieis. 
Traob elo-ma stoid. 

( k>n jj)k *xiis. 

Biventer eervieis. 

Sihnalis colli. 

Fifth Lay er 
Semispinalis dorsi. 
Semispinalis colli. 

M ultifidus sj) ina*. . 

Rotatores spina?. 

Interspinales. 

Extensor coeeygis. 

In t er trans ver sales . 

Rectus capitis posticus major. 
Rectus capitis posticus minor. 
Obliqiius capitis inferior. 
Obliquus cajiitis superior. 


First Layer 

Trapezius. Latissimus dorsi. 

The superficial fascia forms a layer of c?onsiderable thickness and strength, 
in which a quantity of granular pinkish fat is contained. It is continuous 
with the general superficial fascia. fascia is a dense fibj'ous 

layer, attached .abav,o to the sujierior curved nne of the occipital bone ; in 
the middle.liue it is attached to the ligamentum nucha?, .and to the spinous 
processes and supraspinous ligaments of all the vertebra? below the seventh 
cervical ; ia— tha-i^ek it is continuous with the deep cervical 

fascia ; over tlie should er it is attached to the spine of the scapula and the 
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. acromion process, and is continued downwards over the Deltoid muscle to 
the arm ; o n thorax it is continuous with the deep fascia of the axilla and 
chest, and dh the abdomen with that covering the abdominal muscles ; below, it 
is attached to the crest of the ilium. 

Xho^Xcapezius (fig. 497) is a broad, flat, triangul ar muscle, placed imme- 
diately beneath the skin and fascia, and pinvAriup “tli© upper and T)ack part 
, of the neck and shoulders. It arises from the exterr^^joccipital protubei’ance 
and the inner thh;d^of the superior curved line of the'occipital bone, from the 
- liganmu^um nuchso, 'the spinous process pf the seven tli cervical, and the spinous 
proceWb of aU the. thoracic vertebrii; and from the corresponding portion 
^ of the supraspinOTs ligament. From this origin, the superior fibres proceed 
downwards and outwards, tjie jAfer ior upwards and outwards, and the. mkt^e 
horizontally ; the superior fibres Jjnserted into the posterior border of 
the outer third of the clavicle ; the middle fibresLinto the inner margin of the 
aci’omion process, and into the superior lip of the posterior border or crest 
of the spine of the sca]>ula ; t hn ] y^ferinr fibres converge near the scapula, 
and terminate in an ajDoneurosis, wliicF glides over the smooth triangular 
surface on the inner extremity of the crest of the spine, to be inserted into 
a tubercle at the apex of this smooth triangular surface. The Tra^iezius 
is fleshy in the greater part of its extent, but tendinous at its origin and inser- 
tion. At its occipital origin, it is connected to the bone by a thin fibi'ous 
lamina, firmly adherent to the skin, and wanting the lustrous, shining appeai - 
ance of aponeurosis. At the middle of its origin from the'- spines of the 
vortebne, it is connectexl to the bones by means of a broad semi-elliptical 
aponeurosis ; this occupies the space between the sixth cervical and the third 
thoracic vertebrje, and forms, with the aponeurosis of the opposite muscle, a 
tendinous ellipse. The rest of the muscle aris(\s by nuiucrous short tendinous 
fibres. The two Tj*apezius muscles togethcj* resemble a trapezium, or diamond- 
shaped quadrangle : two angles corresponding to the shoulders ; a third to 
th(‘ occipital protuberance ; and the fourth to the spinous process of the last 
thoracic vertebra. 

Tlie clavicular insertion of tliis muscle varies in extent : it sonu^times 
cadvances as far as the middle of the clavicle, and may occasionally become 
^ blended with the posterior edge of the Sterno-inastoid, or overlap it. 

Tflte Latissimus dorsi (fig. 497) is a broad, flat muscle, whicli covers the 
and the ilmriLoiit jL'eglons, and is gradually contracted 

into a narrow fasciculus' at its insertion into the humerus. It arises by 
tendinous fibres fromJtlie .spinous processes of the six inferior tJipracic ver tebr® 

/ and from the posterior layer of the lumbar fascia (see page 493), by wliicli it is 
^ attached to the spin<i8 of tlic lumbar and sacral vertebra?, to the supraspinous 
j ligament, and to the posterior part of the crest of the ilium. It also arises by 
^ muscular fibres from the external lip of the crest of the ilium external to the 
margin of the Erector spina*, and from the three or four lower ribs by fleshy 
digitations, which are interposed between similar processes of the External 
oblique muscle (fig. 502, page 507). From this extensive origin the fibr(‘s pass 
in different directions, the upper ones horizontally, th^ .middle, .obliquely 
upwards, and theJewer vertically upwards, so as to converge and form a thick 
fasciculus, which crosses the inferior angle of the scapula, and usually receives 
a few fibres from it. The muscle curves around the lower border of the Teres 
major, and is twisted upon itself, so that the superior fibres become at first 
posterior and then inferior, and the vertical fibres at first anterior and then 
superior. It terminates in a short quadrilateral tendon, about three inches 
in length, v hicli passes in front of the tendon of the Teres major, and is inserted 
into the bottom of the bicipital groove of the humerus ; its insertion extending 
lughcr on tlic humerus than that of the tendon of the Pectoralis major. The 
lower border of tl)c tendon of this muscle is united with that of the Teres major, 
^ the surfaces of the two being separated near their insertions by a bursa ; another 
buroa is sometimes interposed between the muscle and the inferior angle of 
the scapula. The muscle at its insertion gives off an expansion to the deep 
fascia of the arm. 


A muscular slip, the axillary arch, vaiying from 3 to 4 inches in length, and from 
^ to I of an inch in breadth, occasionally arises from the upper edge of the Latissimus 
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Fir 497 — Musclos of the back On the left ado, the first layei is exposed • 
on the light Bide, the second layei and pait of the thud 



MYOLOGY 


dorsi about the middle of the posterior fold of the axilla, and crosses the axilla in front of 
the^ axillary vessels and nerves, to join the under surface of the tendon of the Pectoralis 
major, the Coraco-brachialis, or the fascia over the Biceps. The position of this abnormal 
slip is a point of interest in its relation to the axillary artery, as it crosses the vessel just 
above the spot usually selected for the application of a ligature, and may mislead the 
surgeonl 3 urii 5 gi:ht^Operatipn._ It may be easily recognised by tlie transverse direction of 
its fibres. Struthers found it, in 8 out of 105 subjects, o(icurring seven times on both sides. 

There is usually a fibrous slip which passes from the lower border of tlu^ tendon of the 
Latissimus dorsi. near its insertion, to the long head of the Triceps. This is occasionally 
muscular, and is the representative of the Dorso-epitrochlemis muscle of apes. 

The outer luargin of the Latissimus dorsi is separated below from the External 
oblique mu.scle of the abdomen by a small triangular interval, the base of which 
is formed by the crest of the ilium, and its floor by the Intcrnfil oblique. This is 
known as the triangle of Petit (trigonuiu lumbale), and is sometimes the site of a 
lumbar hernia. Anotlier triangle of practical importance is situated behind the 
scapula. It is bounded above by the Trapezius, below by the Latissimus dorsi, 
and externally by the vertebral boixh^r of the scapula ; the floor is partly formed 
by the Ehomboideus major. If the'^capula be drawn forwards by folding the arms 
across the ch(‘st, and the trunk bent foivvards, a part of the sixth and seventh 
ribs and the interspace- between them become, subcutaneous and available for 
auscultation. The space is tluMefore known as the triangle of auscullation. 

Nerves. — Th(» Trapezius is supplied by the spinal accc^ssory, and by branches 
from the third and fourth c(^rvical iierves ; the Latissimus dorsi by the sixth, 
seventh, and eighth cervical nerves through the middle or long subscapular nerve. 


Seoonj) Layer (fig. 497) 



Levator anguli scapulio. Rlioinboideus minor. 

Rbornboidcus major. 


XiiQXeyator aapeti scapulae (m. levator 8ca])uhc) is situated at the back 
part and side of the ru'ck. t<mdinous slips from tlu' t ransv<Tse 

l^roccsses of the atlas and axis and from tin' ])osterior tubercles of tlie trans- 
verse processes of the (liiid and fourth cervical v('rtebra' ; lhes(‘ tendons, 
becoming fl('shy, aic unitf'd to form a flat musch', which passes dounwards 
and ba(*k wards, and is jpstirtp d the posterior border of the scapula, 

between the superior angle and the triangular smoolli suifa(^e at tlie root of 
the spine. ^ 

The Rhomboideus minor arises from the lower part of tlie liganniutum 
nucha^ and the spinous processes of the seventh cervic'al and first ihoiaeie 
vertebi’ic. Passing downwards and outwards, it is inserted into the base of tin^ 
triangular smooth surface at the root of the spine of the sctapula. This small 
muscle is usuaUy separated from the Rhomboideus major by a slight iiitei'val. 

The Rhd|]/)oideus major is situated immediately below' the pnHf(*ding, 
the adjacent margins of the two being occasionally united. It tj-ri^es by 
tendinous fibres fiom the spinous processes of the second, third, fourth, i^ncl 
fifth thoracic vertebrae and the supra.spinous ligament, and is insi^rteiLiutQ a 
narrow^ tendinous arch, attached above to the lower part of the triangular 
surface at the root of the spine, below , to the inferior angle, the andi being 
connected to the border of the scapula by a thin membrane. When the arch 
extends, as it occasionally does, only a short distance, the muscular fibres are 
inserted into the scapula itself. 

Nerves. — Tlie Rhomboid muscles an* supplied by a branch from the fifth 
cervical m*rve ; the Ijovator anguli scapuhe by the third and foui*th cervical nerves, 
and frequently by a branch from the nerve to the Rhomboids. 

Actions. — The movements effected by the preceding muscles are numerous, 
a.s may be conc^-ived from their extensive attachments. The w^hole of the 
.Trapezius wdieii in action retracts the scapula and braces back the shoulder; 
if the head be fixed, the upper part of the Trapezius wrill elevate the point of the 
shoulder, as in supporting weights ; when the lower fibres are brought into action 
they assist in depressing th(i bone. The middle and lower fibres of the muscle 
rotate the scapula, causing elevation of the acromion process. If the shoulders 
be fixed, the Trapezii, acting together, will draw the head directly backw'ards ; or 
if only one act, the head is drawn to the corresponding side. 
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the Latissimus dorsi, when it acts upon the humerus, depresses it, draws it 
backwards, and at the same time rotates it inwards. It is the muscle which is 
principally employed in givinj? a downward blow, as in felling a tree or in sabre 
practice. If the arm be fixed, the muscle may act in various ways upon the trunk : 
thus, it may raise the lower ribs and assist in forcible inspiration ; or, if both 
arms be fixed, the two muscles may assist the Abdominal and great Pectoral 
muscles in suspending and drawing the whole trunk forwards, as in climbing or 
walking on crutches. 

The Levator angiili scapulai raises the superior angle of the scapula, assisting 
the Trapezius in bearing weights or in shrugging the shoulders. If tlie shoulder 
be fixed, the Levator anguli scapuhe inclines th(» necik to the corresponding side 
and rotates it in the same direction. The Rhomboid muscles carry the inferior 
angle backwards aud upwards, thus producing a slight rotation of the scapula 
upon the side of the chest, the Rhomboideus major acting especially on the low<jr 
angle of the scapula, through the tendinous arch by which it is inserted. The 
Rhomboid muscles, acting together with tin*, middle and inferior fibres of the 
Trapezius, will retract the scapula. 



Third Layku \fig. 407} 


Serratus posticus siijauior. S<uTatus post icus inferior. 

Cl 1 • f Spleiiius ca])itis. 

4 oT>h‘Dius w/ 1 {i- 

J ^ [ Splciiius colli. 

The'^ Serratus posticus superior is a thin, flat, f|uadrilatcral muscle. 


situated at the upper and back part of flic tbora.v. It arises by a thin and 
broad ationcurosis from the lower ])art of the ligamentum nuchas from 


the spinous processes of the last (‘(u-vical and iipi)er two or three tlioi’acic 
vertehne and from llu* supraspinous ligament. Inclining downwards and 
outvvards, it l)e(!om(‘s muscidar, and is inserted, by four fleshy digitations, 
into the iqiper borders of the .s<M‘.ond, third, fourth, and fifth I'ibs, a little 
beyond angles. 

" Tlie^Serratus posticus inferior is situaUal at the junction of tlu‘ thoracic 
and lumbar regions : it is of an ii’regularlv f| uadrilateral form, broader than 
the precf^ling, and separated from it by a wide intr*rval. It arises by a thin 


aponeurosis from the spinous proe(*ssi‘s of the last two thoracic and upper two 
or three lumbar vtutebra^, and from the supraspinous ligament. Passing 
oblicpiely upwards and outwards, it becomes fleshy, and divides into four flat 
digitations, which are inser ted into the lower borders of the lower four ribs, 


a little beyond their angles. The thin aponeuiosis of origin is intimately 
blended with the lumbar fascia. 


The vertebral fascia is a thin, fibrous lamina, extending along the whole 
Icrigth of the back part of the thoracic reghm. serving to bind down the long 
e.xtensor muscles of the back which support the vertebral column and head, 
and to separate them from Ihost^ muscles which coiirn'ct the vertebral column 
to the upper extremity. It. (ionsists of longitudinal and transverse fibivs 
blended together, forming a thin lamella, Avhich is atfaclu'd in the median 
lino to the spinous processes of the thoracic vertebrye ; externally, to the 
angles of the ribs ; and below, to the upper border of tlie Serratus posti(?us 
inferior and to the portion of the lumbar fascia which gives origin to the 
Latissimus dorsi ; above, it passes Ixmcath the Serratus posticus superior 
and the Splenius, and blends witJi the deep fascia of the neck. 

The lumbar fascia or aponeurosis (fig. 49S), which may he regarded as 
the posterior aponeurosis of the 4’ransversalis abdominis muscle, (consists of 
three laminae, which are attached as follows : the posterior layer, to the 
spines of the lumbar and sacral vertebrae and the supraspinous ligament ; the 
middle, to the tips of the transverse processes of the lunibar vertebrae and the 
intertransverse ligaments ; the anterior, to the roots of the lumbar transverse 
processes. The posterior layer is continued above as tlie vertebral fascia, 
while inferioiiy it is fixed to the outer lip of the iliac crest. With tliis layer 
are blended the aponeurotic origin of the Serratus posticus inferior and part of 
that of the Latissimus dorsi. The middle layer is attached above to the last 
rib, and below to the iliac crest ; the anterior layer is fixed below to the 
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ilio-lumbar ligament and iliac crest ; while above it is thickened to form the 
external arcuate ligament of the Diaphragm, and stretches from the tip of the 
last rib to the transverse process of the first or second lumbar vertebra. These 
three layers, > together with the vertebral column, enclose two spaces, the 

E osterior of which is occupied by the Erector spinoB muscle, and the anterior 
y the Quadrat us lumborum. 

The Splenius is a broad sheet situated at the back of the neck and upper 
part of the thoracic njgion. At its origin, it is a single muscle, which arise j^ 
by tendinous fibres, from the lower half of tlie Hjganmntum nuchaB, fron'i the 
spinous processes of the last cervujal and upper six thoracic vc^t^rae, and 
from tlie sui)raspinous ligament. From this origin the fleshy fibres proceed 
obliquely upwards and outwards, forming a broad flat muscle, which divides 
as it ascends, into two portions,- the Splenius capitis and Splenius colli. 

The Splenius capitis (m. splenius capitis) is inserted, under cover of the 
Sterno- mastoid, into tlie mastoid process of the Temporal bone, and into the 
rough surface on tlie occij)ital bone just below the outer tliird of the superior' 
curved line. 

The Splenius colli (m. splenius (^ervicis) is inserted, by tendinous fasciculi, 
into the posterior tubercles of the transvi^rse processes of the upper two or 
three cervicuil vertebrae; 

Nerves. — The Splenius is supplied by the external branches of the posterior 
primary divisions of the middle and lower cervical nerves ; the Serratus posticus 
superior is supplied by branches from the upper three or four intercostal nerves ; 

Fig. 498. — Diagram of a transverse section of the posterior abdominal wall, to 
show (he three layers of the lumbar aponeurosis. 



the Serratus posticus inferior by branches from the ninth, tenth, and eleventh 
intercostal nerves. 

Actions. — The Serrati are respiratory muscles. The Serratus posticus 
superior elevates the ribs and is therefore an inspiratory muscle. The Scirratiis 
posticus inferior draws the lower ribs downwards ajid backwards, and thus 
elongates the thorax ; it also fixes the lower ribs, thus assisting the inspiratory 
traction of the Diaphragm and resisting the tendency which it has to draw the 
lower ribs upwards and forwards. It must therefore be regarded as a muscle 
of inspiration. This muscle is also probably a tensor of the vertebral fascia. 
The Splenii of the two sides, acting together, draw the head directly backwards, 
assisting the Trapezius and (Jomplcxus ; acting separately, they draw the head 
to one side, and slightly rotate it, turning the face to the same side. They also 
assist in supporting the head in the erect position. 


a. Outer Column. 
Ilio*costalis. 
Musculus a(!ccssorius. 
Cervicaiis asccndcns. 


Fourth Layer 
1. Erector spinae. 

b. Middle Column. c. Innejr Column. 

Longissimus dorsi.^ Spinalis dorsi. 

Transversalis cervicis. 

Traclielo-niastoid . 


2. Complexus. 
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The Erector spins (m. sacrospinalis) (fig. 499), and its prolongations in 
the thoracic and cervical regions, fill up the groove on either side of the 


Fia. 499. — Muscles of the back. Deep layers. 
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vertebral column. They are covered in the lumbar region by the lumbar 
fascia, in the thoracic region by the Serrati and the vertebral fascia, and 
in the cervical region by a layer of cervical fascia continued benfeath the 
Trapezius and the Splenius. This large muscular and tendinous mass varies 
in size and stnicture at different parts of the vertebral column. In the sacral 
region it is narrow and pointed, and at its origin chiefly tendinous in structure. 
.In the lumbar region it becomes enlarged, and forms a thick fleshy mass. In 
the thoracic region it is subdivided into three columns, which gradually 
diminish in size as they ascend to be inserted into the vertebrae and ribs. 
The outer and middle columns are each subdivided from below upwards into 
three parts, viz. the outer into Ilio-costalis, Musculus accessorius, and Cervicalis 
ascendens ; the middle into Longissimus dorsi, Transversalis cervicis, and 
Trachelo-masUM. The inner column is the shortest and weakest, and is named 
the Spinalis dorsi. 

The Erector spina* arises from the anterior surface of a very broad anj^ 
thick tfmdoii, which is attached, internally, to the spines of the sacrum, 

• to the spinous proeesst*s of the lumbar and the elevcntJi and twelfth thoracic 
vertebras and the suprasj)inou8 ligament ; externally, to the bat^k part of the 
inner lip of the crest of the ilium, and to the lateral crests of the sacrum, 
where it blends with the great saero-sciatic and posterior sacro-iliac liga- 
ments. Some of its fibres are continuous with the fibres of origin of the 
Gluteus maxinius. Th(‘ muscular fibres form a large fleshy mass, bounded 
in front by the transverse proc(*ssos of the lumbar vertebrae, and by the 
middle, lamella of the lumbar fascia. 

ThQ^.llip. 7 XQ^talis (m. iliocostalis lumborum), the external portion of the 
Erector spina?, Ts inserted, by six or seven flattened tendons, into the inferior 
borders of the angles of the lower six or seven ribs. ^ 

The Musculus accessorius (m. iliocostalis dorsi) aris(\s }jy flatt(*ned 
tendons from the upper borders of tlie angles of tlie lower six ribs internal 
to the tendons of insertion of the Ilio-costalis; these bcc'ome niuseular. and 
are inserted into the ui)per borders of the angles of the ujipei* six ribs and 
into the ba(;k of the transverse process of the seventh cervical vertebra. 

The Cervicalis ascendens (m. iliocostalis cervie.is) is situated on the 
inner side of the Accessorius ; it arises from tlie angles of the third, fourth, 
fifth, and sixth ribs, and is inserted into the posterior tubercles of the trans- 
vers^roecsses of the fourth, fiftii, and sixth cervical vertebra*. 

jjp Long^issimus dorsi is the middle and largest portion of the Er(*(!tor 
spinie. In the lumbar n^gion, where it is as yet blended with the Ilio-costalis, 
some of its fibres are attached to the wliole length of the posterior surfaces 
of the transverse processes and the accessory ])roces8es of the lumbar vertebra;, 
and to the middle layer of the lumbar fascia. In the tlioracic region it is 
inserted, by rounded tendons, into the tips of the transverse processes of all 
the thoracic vertebrae, and by fleshy processes into the lower nine? 6r teii 'ribs 
between tbeir tubercles and angles. 

The Transversalis cervicis (m. longissimus eervicis), placed on the 
inner side of the Longissimus dorsi, arises by long thin tendons from the 
summits of the transverse proc€*sses of the ujiper four or five thoracic 
v(*rtebraD, and is inserted by similar tendons into the posterior tubercles of 
the transverse jirocesses of the cervhml vertebrae from the second to the sixth 
inclusive. ^ 

The Trachelo-mastoid (m. longissi mus C£^pitia) lies on the inner side 
of th(*. Transversalis cervicis, between' it and the Complexus muscle. It arises 
by tendons from the transverse processes of the upper four or five thoracic 
vertebra*, and the articular processes of the low^er three or four cervical. The 
fibres form a small muscle, which ascends to be inserted into the posterior 
margin of the mastoid pro(*es8, beneath the Splenius capitis and Storno-inastoid 
muscles. This small muscle is almost always crossed by a tendinous inter- 
section near its insertion into the mastoid process. 

'^he Spinalis dorsi is situated at the inner side of the Longissimus dorsi, 
with which it is intimately blended, and arises by three or four tendons from 
tho. spinous processes of the first two lumbar and the last two thoracic vertebrae : 

uniting, form a small muscle which is inserted by separate tendons 
irtt64h6 spinous processes of the upper thoracic vertebrae, the number varying 
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from four to eight. It is intimately united with the Semispinalis dorsi, which 
lies beneath it. • 

The Spinalis coUi is an inconstant musolo, which arises from the lower part of the 
ligamentum nuch®, tho spine of the seventh cervical, and sometimes from the spines ot 
tho first and second thoracic Verbebr®, and is inserted into the spinous process of the axis, 
and occasionally into the spinous processes of the two vertebr® below it. 

The Complexus ( m. aemi si)iQalkjaai^^^ is ^ broad, thick muscle, situated 
at the upper and back part of the neck, beneath the Splenius, and internal 
to the Transvcrsalis cervicis and Trachelo-niastoid. It arises by^ a series of 
tendons from the tips of the transverse processes of tho upper six or seven 
thoracic and the seventh cervical vertebrae, and from the articular processes of 
tJie three cervical above this. TJie tendons, uniting, form a broad muscle, 
which passes obliquely upwards and inwards, and is inserted into the innermost 
depression between tho two curved lines of the occipital bone. This muscle 
is traversed about its middle by an imperfect tendinous intersection. The 
term Biventer cervicis is given to the inner portion of tho Complexus ; this 
portion is usually separated from the rest of the muscle, and consists of two 
fleshy bellies connected by an intervening tendon. 


Fifth Layek 


The fifth layer, or ratht^r group, of muscles comprises the 


Semisj)iiialis dorsi. 
Semispinalis colli. 
Multifidiis spinte. 
Rotatorcs spina*. 
Interspiriales 


Oblicpius capitis superior. 


Extensor coccygis. 

Irit or t rans vcrsales . 

Rectus capitis posticus major. 
Rectus capitis posticus minor. 
Obliquus capitis inferior. 


The Semispinalis dorsi (fig. 499) consists of thin, narrou , fleshy fasciculi, 
interposed between tendons of considerable length. It arises by a series of small 
tendons from the transverse processes of tlie lower thora(*ic vertebrte, from 
tlie sixth to tlie tenth inclusive, and is inserted, by five or six tendons, into 
the spinous processes of tlie upper four thoraiic and lower two cervical 
verteijrae. 

Tlio Semispinalis colli (m. semispinalis cervicis), thicker than the pre- 
ceding, arises by a series of tendinous and fleshy fibres from the transverse 
processes of the upper five or six thoracic vertebrae, and is inserted into the 
cervical spinous processes, from the axis to the fifth inclusive. Tlie fasciculus 
connected with tlie axis is the largest, and is chiefly muscular in structure. 

The Multifldus spins (m. multifidus) consists of a number of fleshy and 
tendinous fasciculi, w'hich fill up tlie groove on either side of the spinous 
processes of the vertebrap, from tlie sacrum to the axis. In the sacral region, 
these fasciculi arise from the back of the sacrum, as low as the fourth sacral 
foramen, from the aponeurosis of origin of the Erector spinac, from the inner 
surface of the posterior superior spine of the ilium, and from the posterior sacro- 
iliac ligaments ; in the lumbar region, from the mamillary processes ; in 
the thoracic region, from the transverse processes ; and in tho cervical region, 
from the articular processes of the four lower vertebrae. Each fasciculus, 
passing obliquely upwards and inwards, is inserted into the whole length of 
the spinous process of one of the vertebne above. These fasciculi vary in 
length : the most superficial, the longest, pass from one vertebra to the tliird 
or fourth above ; those next in order pass from one vertebra to the second 
or third above ; while the deepest connect two contiguous vertebrae. 

The Rotatores spins (mm, rotatores) are found only in the thoracic region 
of the vertebral column, beneath the Multifidus spinae ; they are eleven in 
number on either side. Each muscle is small and somewhat quadrilateral in 
form ; it axises from the upper and back part of the transverse process, and 
is inserted into the lower border and outer surface of the lamina of the vertebra 
above, the fibres extending inwards as far as the root of the sj^ous 
The first is found between the first and second thoracic vertebrae ; w 
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between the eleventh and twelfth. Sometimes the number of these muscles is 
diminished by the absence of one or more from the upper or lower end. 

The Interspinales are short muscular fasciculi, placed in pairs between 
the spinous processes of the contiguous vertebrae, one on either side of the 
interspinous ligament. In the cervical region they are most distinct, and consist 
of six pairs, the first being situated between the axis and third vertebra, and 
the last between the last cervical and the first thoracic. They are small narrow 
bundles, attached, above and below, to the apices of the spinous processes. 
In the thoracic region^ they are found between the first and second vertebrae, 
and sonletimes between the second and third ; and below, between the eleventh 
and twelfth. In the lumbar region, there are four pairs of these muscles in 
the intervals between the five lumbar vertebra). There is also occasionally 
one in the interspinous space, between the last thoracic and first lumbar, and 
one between the fifth lumbar and the sacrum. 

• 

Tlie Extensor coccygis is a slender muscular fasciculus, which is not always present ; 
it extends over the lower part of the posterior surface of the sacrum and coccyx. It 
arises by tendinous fibres from the last segment of the sacrum, or first piece of the coccyx, 
and passes downwards to bo inserted into the lower part of the coccyx. It is a rudiment 
of the Extensor muscle of the caudal vertebrae of the lower animals. 

The Intertransversales are small muscles placed betw-een the transverse 
processes of the vertebrae. Li the cervical region they are most developed, 
consisting of romided muscular and tendinous fasciculi, and arc placed in 
pairs, passing between the anterior and the posterior tubercles respectively 
of the transverse processes of two contiguous vertebrae, cand separated from one 
another by the anterior primary division of the cervical nerve, which lies in the 
groove between them. In this I'egion there are seven pairs of these muscles, 
the first pair being between the atlas and axis, and the last pair betw^een the 
seventh cervical and first thorac'ic vertebra). In the thoracic region they are 
least developed, consisting chiefly of rounded tendinous cords in the inter- 
transverse spaces of the upper thoracic vertebra?, but betw^een the transverse 
processes of the lower three thoracic vertebrae, and between the transverse 

f roeesses of the last thoracic and the first lumbar, they are muscular in structure. 

n the lumbar region they are arranged in pairs, on either side of the vertebral 
column ; one set occupying the entire interspace between the transverse 
processes of the lumbar vertebrae, the Intertransversales lalerales ; the other 
set, Intertransversales mediates, passing from the accessory process of one 
vertebra to the mamillary process of ihe vertebra below.* 

The Rectus capitis posticus major (m. rectus capitis posterior major) 
arises by a pointed tendinous origin from the spinous process of the axis, and, 
becoming broader as it ascends, is inserted into the outer part of the inferior 
curved line of the occipital bone and the surface of bone immediately below 
it. As the muscles of the two sides pass upwards and outwards, they leave 
between them a triangular space, in which arc seen the Recti capitis postici 
minores. 

The Rectus capitis posticus minor (m. rectus capitis posterior minor), 
the smallest of the four muscles in this region, is of a triangular shape ; it 
arises by a narrow' pointed tendon from the tubercle on the posterior arch of 
the atlas, and, becoming broader as it ascends, is inserted into the inner part 
of the inferior curved line of the occipital bone and the surface between it 
and the foramen magnum. 

The Obliquus capitis inferior, the larger of the two Oblique muscles, 
arises from the apex of the spinous process of the axis, and passes outwards 
and slightly upwards, to be inserted into the lower and back part of the 
transverse process of the atlas. 

The Obliquus capitis superior, narrow below, wide and expanded above, 
arises by tendinous fibres from the upper surface of the transverse process of 
the atlas, joining with the insertion of the preceding. It passes obliquely 
upwards and inwards, and is inserted into the occipital bone, between the 
two curved lines, external to the Compiexus. 

* The student is referred to an article on the morphology of the human intertransverse 
mafldes, by J. Dimlop Lickley ; Jourml of AncUoniy and Phytiology, vol. zxxix. 1904. 
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Sn b pccipital tria-pg J«- — Between the two Oblique muscles and the Reotiu 
capitis^posticus major a triangular interval exists, the suhoccipUal triangle. This 
triangle is bounded, above and internally, by the Rectus capitis posticus major ; 
above and externally, by the Obliquus capitis superior ; below and externally, 
by the Obliquus capitis inferior. It is oovercd in by a layer of dense fibro-fatty 
tissue, situated beneath the Complexus muscle. The floor is formed by the posterior 
occipito-atlantal ligament, and the posterior arch of the atlas. It contains the 
vertebral artery running in a deep groove on the upper surface of the posterior 
arch of the atlas, and the posterior primary division of the suboccipital nerve. 

Nerves.— The fourth and fifth layers of the muscles of the back arc supplied 
by the posterior primary divisions of the spinal nerves. 

Actions. — When both the Spinales dorsi contract, they extend the thoracic 
portion of the vertebral column ; when only one contracts, it helps to bend it to 
one side. The Erector spin®, comprising the Ilio-costalis and the Longissimus 
dorsi with their accessory muscles, serves, as its name implies, to maintain the 
column in the erect posture ; it also serves to bond the trunk backwards when 
it is required to counterbalance the influence of any weight at the front of the 
body — as, for instance, when a heavy weight is susptmded from the neck, or when 
there is any great abdominal distension, as in pregnancy or dropsy ; the peculiar 
gait under such circumstances dc'pends upon the vertebra] column being drawn 
backwards, by the counterbalancing action the Erector spin® muscles. The 
muscles which form the continuation of the Erc'.ctor spin® upwards steady the 
head and neck, and fix them in the upright position. If the Ilio-costalis and Longis- 
simus dorsi of one side act, they serve to draw down the chest and vertebral 
column to the corresponding side. The Cervjcalcs ascendentes, taking their fixed 
points from the cervical vertebra), elevate those ribs to which they arc attached ; 
taking their fixed points from the ribs, both muscles help to extend the neck ; 
while one muscle bonds the neck to its own side. The Transversales cervicis, 
when both muscles act, t aking their fixed points from below, bend the neck back- 
w'ards. The Tracholo-mastoids, when both muscles act, taking their fixed points 
from below, bend the head backwards ; while, if only one muscle acts, the face 
is turned to the side on which the muscle is acting, and then the head is bent 
to the shoulder. The two Recti draw the licad backwards. The Rectus capitis 
posticus major, owing to its obliquity, rotates tlie cranium, with the atlas, round 
the odontoid process, turning the face to the same side. The Multifidus spin® 
acts successively upon the different parts of the column : thus, the sacrum 
furnishes a fixed point from which the fasciculi of this muscle act upon the 
lumbar region ; these then become the fixed points for the fasciculi moving the 
thoracic region, and so on throughout the entire hmgth of the column ; it is by 
the successive contraction and relaxation of the separate fasciculi of this and 
other muscles that , the erect posture is preserved without the fatigue that would 
necessarily have been produced had this position been maintained by the actioji of 
f: single muscle. The Multifidus spin®, besides preserving the erect position of the 
column, serves to rotate it, so that the front of the trunk is turned to the side 
opposite to that from which the muscle acts, this muscle being assisted in its 
action by the Obliquus externus abdominis. The Coraplexi draw the head 
directly backwards ; if one muscle acts, it draws the head to one side, and 
rotates it so that the face is turned to the opposite side. The Superior oblique 
draws the head backw^ards and to its owm side. The Inferior oblique rotates the 
atlas, and with it the cranium, round the odontoid process, turning the face to the 
same side. The Semispinales, when the muscles of the two sides act together, 
help to extend the vertebral column ; when the muscles of only one side act, 
they rotate the thoracic and cervical parts of the column, turning the body to the 
opposite side. The Interspinales by approximating the spinous process help to 
extend the column. The Intertransversales approximate the transverse processes, 
and help to bend the column to one side. The Rotatores spin® assist the 
Multifidus spin® to rotate the vertebral column, so that the front of the trunk 
is turned to the side opposite to that from which the muscles act. 

Surface Form . — The surface forms produced by the muscles of the back are numerous 
and difficult to analyse unless they arc considered in systematic order. The most super- 
ficial layer influences to a certain extent the surface form, and at the same time reveals 
the forms of the layers beneath. The Trapezius at the upper part of the back, and in 
the nock, covers over and softens down the outline of the underlying muscles. Its anterior 
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border forms the posterior boundary of the posterior triangle of the neck, and presents 
a slight ridge which passes downwards and forwards from the occiput to the junction of 
the middle and outer thirds of the clavicle. The inferior border of the muscle may be 
traced as an undulating ridge to the spinous process of the twelfth thoracic vertebra. In 
like manner, the Latiaaimua dorai softens down and obscures the underlying structures 
at the lower port of the back and side of the chest. The anterior border of the muscle 
is the only part which gives a distinct surface form. This border fhay be traced, when 
the muscle is in action, as a rounded edge, starting from the crest of the ilium, and passing 
obliquely forwards and upwards to the posterior border of the axilla, where together 
with the Teres major it forms a thick rounded fold, the posterior boundary of the 
axillary space. The muscles in the second layer influenco to a very considerable extent 
the surface form of the back of the neck and upper part of the trunk. The Levator anguU 
acapulcR reveals itself as an elevation, running downwards and outwards, from the trans- 
verse processes of the upper cervical vertebrae to the angle of the scapula, covered over 
and toned down by the overlying Trapezius. The Rhomboidei produce, when in action, 
a vertical eminence lietween the vertebral border of the scapula and the spinal furrow, 
varying in intensity according to the condition of contraction or relaxation of the Trapezius 
muscle, by which they are for the most part covered. The lowermost part of the Bhom- 
boideus major is uncovered by the Trapezius and forms on the surface an oblique ridge 
running upwai'ds and inwards from the inferior angle of the scapula. The Splenii by their 
divergence serve to broaden out the upper part of the back of the neck and produce a 
fulness in this situation. In the loin, the Erector apince, bound down by the lumbar 
fascia, forms a rounded vertical eminence, which determines the depth of the spinal 
furrow, and tapers below to a point on the posterior surface of the sacrum. In the back 
it forms a flattened plane which gradually becomes lost on passing upwards. 

Applied Anatomy. — In cases of tuberculous caries of the vertebral bodies, and in 
other diseases affecting the vertebral colunm, rigidity of the spinal muscles is one of the 
earliest and most constant symptoms. A child with commencing spinal disease always 
maintains the affected portion of the column in a state of absolute rigidity, to prevent 
the inflamed structures from being moved against each other ; this is one of the best 
examples of nature's method of producing rest of tho affected part. 

TI. Muscles and FAScii® of the Thorax 

The muscles belonging exclusively to this region are the 

Intercostales exierni. Triangularis sterni. 

Intercostales intern i. Levatores cost arum. 

Infracostales. Diaphragm. 

Intercostal fasciae. — In each intercostal si>ace thin but firm layers of 
fascia cover the outer surface of the External intercostal and tho innen* 
surface of the Internal intercostal muscle ; and a third layer, the middle 
intercostal fascia, more - delicate, is interposed between the two planes of 
muscular fibres. They are best marked in those situations where the muscular 
fibres are deficient, as between the External intercostal muscles an/d sternum 
in front, and between the Internal intercostals and vertebral column, behind. 

The Intercostal muscles (fig. 518) are two thin planes of muscular and 
tendinous fibres occupying each of the intercostal spaces. They are named 
external and internal from their surface relations — the external being superficial 
to the internal. 

The Ejdberiialinti^i:^^ (mm. intercostales externi) are eleven in number 
on either side. They extend from the tubercles of the ribs, behind, to the 
outer ends of the cartilages of the ribs, in front, where they terminate in a 
thin membrane, the anterior intercostal membrane, which is continued forwards 
to the sternum. Each arises from the lower border of a rib, and is inserted 
into the ujjper border of the rib below. In the two lower spaces they extend 
to the ends of the cartilages, and in the upper two or three spaces they do not 
quite reach the ends of the ribs. They are thicker than the Internal inter- 
costals, and their fibres are directed obliquely downwards and outwards on 
the back of the chest, and downwards, forwards, and inwards on the front. 

The latTiiial int)ratTOliiiiilinj(mm intercostales interni) are also eleven 
in number on either side. They commence anteriorly at the sternum, in the 
interspaces between the cartilages of the true ribs, and at the anterior 
extremities of the cartilages of the false ribs, and extend backwards as far 
as the angles of the ribs, whence they are continued to the vertebral column 
by a thin aponeurosis, the posterior intercostal membrane. Each arises from 
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the ridge on the inner surface of a rib, as well as from the corresponding 
costal cartilage, and is inserted into the upper border of the rib below. Their 
fibres are also directed obliquely, but pass in a direction opposite to those 
of the External intcrcostals. 

The Infracostales (mm. subcostales) consist of muscular and aponeurotic 
fasciculi, which vary in number and length : they are placed on the inner 
surfaces of the ribs, where the Internal intercostal muscles cease ; each arises 
from the inner surface of one rib, and is inserted into the inner surface of 
the first, second, or third rib below. Their fibres run in the same direction 
as those of the Internal 

intercostal s. They are piG. .500. — Posterior surface of sternum and costal 
most frequent between tlic cartilages, showing Triangularis sterni muscle, 

lower ribs. (From a preparation in the Museum of the Iloyal 

The Triang^ularis College of Surgeons of England.) 
sterni (m. transversus stn-jw- 

thoraeis) is a thin plane of 
muscular and tendinous 
fibres, situated upon the 
inner wall of the front 
of the chest (fig. 5(K)). It 
arises on either side from 
the lower third of th(i 
posterior surface of the 
sternum, from the pos- 
terior surface of the (msi- 
foi’in cartilage, and from 
tlic sternal ends of the 
costal (cartilages of the 
lower tliree or four true 
ribs. Its fibres diverge 
upwards and outwards, to 
be inserted by digitations 
into the lower bord(‘rs and 
inner surfaces of the costal 
cartilages of the se(^ond, 
third, fourth, fifth, and 
sixth ribs. The lowest 
fibres of this muscle are 
horizontal in their direc- 
tion, and are continuous 
with thos(j of the Trans- 
vcTsalis ; those which 
.’iueceed are oblique, while 
the superior fibres are 
almost vertical. This 
muscle varies much in its 
attachment, not only in 
different bodies, but on 
opposite sides of the same 
body. 

The Levatores costarum (fig. 499), twelve in number on either side, 
are small tendinous and fleshy bundles, which arise from the extremities of the 
transverse processes of the seventh cervical and upper eleven thoracic 
vertebrae ; they pass obliquely downwards and outwards, like the fibres of 
the External intcrcostals, and each is inserted into the upper border of the 
below the vertebra from which it takes origin, between the 
tubercle and the angle. Each of the inferior Levatores divides into two 
fasciculi, one of which is inserted as above described ; the other fasciculus 
passes down to the second rib below its origin ; thus, each of the low'er 
ribs receives fibres from the transverse processes of two vertebrae. 

XervoB.^ — The muscles of this group are supplied by the intercostal nerves. 

The Diaphragm (diaphragma) (fig. 601) is a dome-shaped musculo-fibrous 
septum which separates the thoracic from the abdominal cavity, its convex 



MYOLOGY 



upper surface formii^ the floor of the former, and its concave under surface the 
roof of the latter. Its peripheral part consists of muscular fibres which take 
origin from the circumference of the thoracic outlet and converge to be inserted 
into a central tendon. 

It arises anteriorly by two fleshy slips from the back of the ensiform 
cartflage ; on either side from the inner surfaces of the cartilages and adjacent 
portions of the lower six ribs interdigitating with the Transversalis abdominis ; 
behind from aponeurotic arches, named the ligamenta arcuata, and from the 
lumbar vertebrae by two pillars or crura. The ligamenta arcuata are five 
in number — one mesial, and two, an internal and an external, on either side. 

The Ugamentum arcuatum internum is a tendinous arch in the fasma covering 
the upper part of the Psoas magnus ; its inner end is continuous with the 
outer tendinous margin of the corresponding crus, and is attached to the outer 

Fig. 501. — The Diaphragm. Under surface. 


Ensiform cartilage 



side of the body of the first or second lumbar vertebra ; its outer end is fixed 
to the front of the transverse process of the first and, sometimes also, to that 
of the second lumbar vertebra. 

The Ugamentum arcuatum externum is the thickened upper margin of 
the anterior lamella of the lumbar aponeurosis. It arches across the upper 
part of the Quadratus lumborum, and is attached by its inner extremity 
to the front of the transverse process of the first lumbar vertebra, by its outer 
to the tip and louver margin of the twelfth rib. 

The crura.— Ax. their origins the crura are tendinous in structure, and 
blend with the anterior common ligament of the vertebral column. The 
rigM crus, larger and longer than the left, arises from the anterior surfaces of 
the bodies and intervertebral discs of the upper three lumbar vertebrae, while 
tiio left crus arises from the corresponding parts of the upper two only. The 
internal tendinous margins of the crura pass forwards and inwards, and meet 
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in the middle line to form an arch across the front of the aorta; this arob, 
which is often poorly defined, is known as the Ugamentum artymtum medium. 

Prom this series of origins the fibres of the Diaphra^ converge to be 
inserted into the central tendon. The fibres arising from the ensiform 
cartilage are very short, and occasionally aponeurotic ; those from the internal 
and external arcuate ligaments, and more especially those from the ribs and 
their cartilages, are longer, and describe marked curves as they ascend and 
converge to their insertion. The fibres of the crura and those from the 
ligamentum arcuatum medium diverge as they ascend, the outermost 
being directed upwards and outwards to the central tendon, the innermost 
decussating in front of the aorta, and then diverging to surround the 
oesophagus before reaching their inbcrtion. The fibres from the right crus 
are more numerous than those from the left, and pass in front of them. 

The central tendon (centrum tendineum) of the Diaphragm is a thin but 
strong tendinous aponeurosis situated near the centre of the vault formed by 
the muscle, but somewhat closer to the front than to the back of the thorax, 
so that the posterior muscular fibres are the longer. It is situated immediately 
below the pericardium, with which it is partially blended. It is shaped some- 
what like a trefoil leaf, consisting of three divisions or Icafiets separated from 
one another by slight indentations. The light leaflet is the largest, the middle, 
directed towards the ensiform cartilage the next in size, and the left the 
smallest. In structure thc' tendon is composed of seveial planes of fibres, 
which intersect one another at various angles and unite into straight or curved 
Inindles — an arrangement which affords it additional strength. 

Openings in the Diaphragm. — The Diaphragm is pierced by a senes of 
apertures to permit of the passage of structures between the thorax and 
abdomen. Three large openings — ^tho aortic, the oesophageal, and the vena 
eaval — and a series of smaller ones are described. 

The aortic opening (liiatus aortieus) is the lowest and most posterior of the 
three large apertures ; it lies at tlie level of the twelfth thoracic vertebra. 
Strictly bpeaking, it is not an aperture in th(‘ Diaphragm but an osseo- 
aponeurotic opening between it and the vertebral column, and therefore 
behind the Diaphragm ; occasionally some ieiidmous fibres prolonged across 
the bodies of the vertebra* from tlie inner parts of the lower ends of the 
crura pass behind the aorta, and thus convert the opening into a fibrous 
ring. The aperture is situated slightly to the left of the middle line, and is 
bounded in front by the ligamentum aieuatuin medium and crura, and behind 
by the body of the first lumbar vertebra. Tlirough it pass the aorta, the 
vena azygos major and the thoracic duct ; occasionally the vena afcygos major 
is transmitted through the right crus. 

The oesophageal opening (hiatus cesojihageus) is situated at the level of the 
tenth tJioracic vertebra; it is elliptical in form, muscular in structure, and 
bounded by the decussating fibres of the two crura.* The anterior edge is 
occasionally formed by the margin of the central tendon. The aperture is 
placed above, in front, and a little to the left of the aortic opening, and 
transmits the oesophagus, the pneumogastric nerves, and some small 
oesophageal arteries. 

The vena caval opening (foramen von«e cava*) is the highest of the three, 
and is situated about the level of the disc between tlie eighth and ninth thoracic 
vertebrae. It is quadrilateral in form, and is placed at the junction of the 
right and middle leaflets of the central tendon, so that its margins are tendinous. 
It transmits the inferior vena cava, the wrall of which is adherent to the margins 
of the opening, and some branches of the right phrenic nerve. 

Of the lesser apertures^ two in the right crus transmit the greater and 
lesser right splanchmc nerves ; three in the left cius give passage to the greater 
and lesser left splanchnic nerves and the vena azygos minor. The gangliated 
cords of the sympathetic usually enter the abdominal C8\iiy behind the 
Diaphragm, under the internal arcuato ligaments. On either side two small 
intervals exist at which the muscular fibres of the Diaphragm are deficient 

♦ I^ow {Journal of Anatomy and Plnjstoloyy^ \ol. xlii.), in twenty five cases which he 
‘examined, tailed to find a fabcioalua from the left cius to the light margin of the oesophageal 
opening. Ho regards the oaBopbogeal passage in the Diaphragm as formed by the splitting of 
the mesial fibres of the right crus. 



MYOLOGY 


and are replaced by areolar tissue. One between the fibres of origin from 
the ensiform cartilage and those from the cartilages of the adjoining ribs 
transmits the superior epigastric branch of the internal mammary artery 
and some lymphatics from the abdominal wall and convex surface of the liver. 
The other, between the fibres springing from the internal and external arcuate 
iigarsents, is less constant ; when this interval exists, the upper and back 
part of the kidney is separated from the pleura by areolar tissue only. 

Relationa , — The upper surface of the Diaphragm is in relation with three serous mem- 
branes, viz. on either side the pleura, which separates it from the base of the corresponding 
lung, and on the middle leaflet of the central tendon the pericardium, which intervenes 
between it and the heart. The central portion lies on a slightly lower level than the 
summits of the lateral portions. The greater part of the under surface is covered by the 
peritoneum. The right side is accurately moulded over the convex surface of the right 
lobe of the liver, the right kidney, and right suprarenal capsule, the left over the left lobe 
of the liver, the fundus of the stomach, the spleen, the left kidney, and left suprarenal 
capsule. 

Xerves. — Tlie Diaphragm is supplied by the phrenic and lower intercostal 
nerves. 

Actions. — The Diaphragm is the principal muscle of inspiration, and presents 
the fomi of a dome concave towards the abdomen. The central part of the dome 
is tendinous, and the pericardium is attached to its upper surface ; the circum- 
ference'. is muscular. During inspiration the lowest ribs are fixed, and from these 
and the crura the muscular fibres contract and draw downwards and forwards 
the central tendon with tlie attached pericardium. In this movement the curva- 
ture of the Diaphragm is scarcely altered, the dome moving downwards nearly 
parallel to its original position and pushing before it the abdominal viscera. The 
descent of the abdominal ^^sc(i^a is permitted by the elasticity of the abdominal 
wall, but the limit of this is soon reached. The central tendon applied to the 
abdominal viscera then becomes a fixed point for the action of the Diaphragm, 
the effect of which is to elevate the lower ribs and through them to push forwards 
the gladiolus sterni and the upper ribs. Tht* right cupola of the Diaphragm, lying 
on the liver, has a greater resistance to overcome tluin the left, wliich lies over 
the stomach, but to compensate for this the right crus and tlie fibres of the riglit 
side generally are stronger than those of the left. 

In all expulsive acts the Diaphragm is called into action to give additional 
power to each expulsive effort. Thus, before sneezing, coughing, laughing, crying, 
or vomiting, and previous to the expulsion of urine or fjcces, or of the fmtus from 
the uterus, a deep inspiration takes place. The height of the Diaphragm is con- 
stantly varying during respiration ; it also varies with the degree of distension 
of the stomach and intestines and with the size of the liver. After a forced expira- 
tion the right cupola is on a level in front wdth the fourth costal cartilage, at the 
side with tlie fifth, sixth, and seventh ribs, and behind with the eighth rib ; the 
left cupola is a little lower than tlie right. Halls Dally * states that the absolute 
rauge of movement Iwitwccn deep inspiration and deep expiration averages in 
the male and female 30 mm. on the riglit side and 28 mm. on the left ; in quiet 
respiration the average movement is 12*5 jiim. on the right side and 12 mm. on 
the left. 

Skiagraphy shows that the height of the Diaphragm in the thorax varies considerably 
with the position of the body. It stands highest when the body is horizontal and the 
patient on his back, and in this position it jKjrforms the largest respiratory excursions 
with normal breathing. When the body is erect the dome of the Diaphragm falls, and 
its respiratoiy movements become smaller. The dome falls still low^er when the sitting 
posture is assumed, and in this position its respiratory excursions are smallest. These 
facts may, perhaps, explain why it is that patients suffering from severe dyspnma are 
■ moat comfortable and least short of breath when they sit up. When the body is horizontal 
and the patient on his 8ide,^the two halves of the Diaphragm do not behave alike. The 
uppermost half sinks to a level lower even than when the patient sits, and moves little 
with respiration ; the lower half rises higher in the thorax than it does when the patient 
is supine, and its respuatory excursions are much increased. In unilateral disease 
of the pleura or lungs analogous interference with the position or movement of the 
Diaphragm can generally be observed skiagraphioally. 

* * Inquiry into the Physiological Mechanism of Kespiration.* Journal of AuMcniy and 
Phytiohffyy vol. xliii. 1908. 
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It appears that the position of the Diaphragm in the thorax depends upon three main 
factors, viz. : (1) the elastic retraction of the lung-tissue, tending to pml it upwards ; 
(2) the pressure exerted on its under surface by the viscera : this naturally tends to be 
a negative pressure, or downward suction,, when the patient sits or stands, and positive, 
or an upward pressure, when he lies ; (3) the intra-abdominal tension due to tbe abdominal 
muscles. These are in a state of contraction in the standing position and not in the sittmg ; 
hence the Diaphragm, when the patient stands, is pushed up higher than when he sits. 

The Intercostal muscles, internal and external, have probably no action in 
moving the ribs. They contract simultaneously and form strong elastic supports 
which prevent the intercostal spaces being pushed out or drawn in during 
respiration. The anterior portions of the Internal intercostals probably have an 
additional function in keeping the chondro-sternal and interchondral joint surfaces 
in apposition, the posterior parts of the External intercostals performing a similar 
function for the costo-vertebral articulations. 

The Leva tores costarum being inserted near the fulcra of the ribs can have 
little action on the ribs ; they act as rotators and lateral flexors of the vertebral 
column. 

The Triangularis sterni draws down the costal cartilages, and is therefore 
a muscle of expiration. 

Mecjhanism of Rfsptratton 

The respiratory movements must 1)C examined during (a) quiet respiration, 
and (6) forced respiration. 

Quiet res'piralion, — The first and second pairs of ribs are fixed by the Scaleni 
and by the resistance of the cervical structures ; the last pair, and through it the 
eleventh, by the Quadratus lumborum. The other ribs are elevated, so that the 
first two intercostal spaces are diminished while the others arc increased in width. 
It has already been shown (p. 392) that elevation of the third, fourth, fifth, and 
sixth ribs leads to an increase in the antero-posterior and transverse diameters 
of the thorax : the vortical diameter is increased by the descent of the diaphragmatic 
dome so that the lungs are expanded in all dirc(*tions except backwards and 
upwards. Elevation of the eighth, ninth, and tenth ribs is accompanied by an 
outward and backward movement, leading to an increase in the transverse diameter 
of the upper part of the abdomen ; the elasticity of the anterior abdominal wall 
allows a slight increase in the antero-posterior diameter of this part, and in this 
way the decrease in the vertical diameter of the abdomen is compensated and 
space provided for its displaced viscera. Expiration is effected by the elastic 
recoil of its walls and })y the action of the abdominal muscles, which push back 
the viscera displaced downwards by the Dia23hragm. 

Forced rcb'piratioti . — All the movements of quiet respiration arc here carried 
out, but to a greater extent. In insj)iration the shoulders and the vertebral borders 
of the scapula! are fixed and the limb muscles. Trapezius, Serratus magnus, 
l^ectorals, and Latissimus dorsi, are called into play. The Scaleni are in stronger 
action, and the Stern o-mastoids also assist when the head is fixed by drawing 
up the sternum and by fixing the clavicles. The first rib is therefore no longer 
stationary, but, with the sternum, is raised ; with it all the other ribs except 
the last are raised to a higher level. In conjunction with the increased descent 
of the Diaphragm this provides for a considerable augmentation of all the thoracic 
diameters. The anterior abdominal muscles conie into action so that the umbilicus 
is drawn upwards and backwards, but tliis allows the Diaphragm to exert a more 
powerful influence on the lower ribs ; the transverse diameter of the upper part 
of the abdomen is greatly increased and the subcostal angle opened out. The 
deeper muscles of the back, e.g. the Serrati postici superiores and Erectores spdnao, 
are also brought into action ; the thoracic curve of the vertebral column is partially 
straightened, and the whole column, above the lower lumbar vertebrie, drawn 
backwards. This increases the antero-posterior diameters of the thorax and 
upper part of the abdomen and widens the intercostal spaces. Forced expiration 
is effected by the recoil of the walls and by the contraction of the antero-lateral 
muscles of the abdominal wall, and the Serrati postici inferiores and Triangularis 
sterni. 

Halls Dally (op. cit.) gives the following figures as representing the average changes 
which occur during deepest possible respiration. The prestemum moves 30 mm. in an 
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upward and 14 mm. in a forward direction ; the width of the subcostal angle, at a level 
of 30 mm. below the meso-metastemal articulation, is increased by 26 mm. ; the umbilicus 
is retracted and drawn upwards for a distance of 13 mm. 

III. Muscles op the Abdomen 

The muscles of the abdomen may be divided into two groups : 1, The 
antero-lateral muscles ; 2, The posterior muscles. 

1. Antero-latebal Muscles 

The muscles of this group are: 

Obliquus Externus. Transversal is. 

Obliquus Internus. Rectus. 

Pyramidalis. 

The ^uperfi.cia.1 fascia of tlie abdomen consists, over the greater part of 
the abdominal wall, of a single layer of fascia which contains a variable amount 
of fat ; but as this layer approaches the groin it is easily divisible into two, 
between which are found the superficial vessels and nerves and the superficial 
inguinal lymphatic glands. The superficial layer (fascia of Camper) is thick, 
areolar in texture, and contains in its meshes adipose tissie, th6 quantity of 
which varies in different subjects. Below, it passes over Poupart’s ligament, 
and is continuous with the superficial fascia of the thigh. In the male, this 
fascia is continued over the penis and outer surface of the cord to the scrotum, 
where it helps to form the dartos. As it passes to the scrotum it changes 
its character, becoming thin, destitute of adipose tissue, and of a pale reddish 
colour, and in the scrotum it acquires some inv’oluntary muscular fiibres. From 
the scrotum it may be traced baekw^ards to be continuous with the superficial 
fascia of the perinaeum. In the female, tliis fascia is continued into thejabia 
majora. The deeper layer j(/a,scm of Scarpa) i^ thinner and more membranous 
in character than the superficial layer, and contains a considerable quantity 
of yellow elastic fibres. It Ls loosely connected by aieolar tissue to the apo- 
neurosis of the External oblique, but in the middle line it is more intimately 
adherent to the linea alba and to the symphysis pubis, and is prolonged on 
to the dorsum of the penis, forming the suspensory ligament ; above, it is 
continuous with the superficial fascia over the rest of the trunk ; below and 
externally, it blends with the fascia lata of the thigh a litllo below' Poupart’s 
ligament ; internally and below, it is continued over the penis and spermatic 
cord to the scrotum, wiiere it helps to form the dartos. From the scrotum it 
may be traced backwards into continuity with the deep layer of the super- 
ficial fascia of the perinaeum (fascia of Colics), In the female, it is continued 
- into the labia majora and thence to the fascia of Colics. 

The .Obliquus externus abdominis (fig. 502) is situated on the side and 
fore part of the abdomen, being the largest and the most superficial of the 
three flat muscles in this region. It is broad, thin, and irregularly quadri- 
lateral, its muscular portion occupying the side, its aponeurosis the anterior 
wall of the abdomen. It arises, by eight fleshy digitations, from the external 
surfaces and low'er borders of the lower eight ribs ; these digitations are 
arranged in an oblique line which runs downwards and backwards, the upper 
ones being attached close to the cartilages of the corresponding ribs, the lowest 
to the apex of the cartilage of the last rib, the intermediate ones to the ribs 
at some distance from their cartilages. The five superior serrations increase 
in size from above downwards, and are received between corresponding pro- 
cesses of the Serratus magnus ; the three lower ones diminish in size from above 
downwards, receiving between them corresponding processes from the Latissi- 
mus dorsi. Fiom these attachments the fleshy fibres proceed in various 
directions. Tliose from the lowest ribs pass nearly vertically downwards, 
to be inserted into the anterior half of the outer lip of the crest of the ilium ; 
thib middle and upper fibres, directed downwards and forwards, terminate 
in an aponeurosis, opposite a line drawn from the prominence of the ninth 
costal cartilage to the anterior superior spine of the Uium. 

The aponeurosis of the ETAernal oblique is a thin but strong membranous 
structure, the fibres of which are directed obliquely downwards and inwards. 
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It is joined with that of the opposite muscle along the median line, and 
covers the whole of the front of the abdomen ; above, it is covered by and 
gives orimn to the lower border of the Pectoralis major ; below, its fibres 
are closely aggregated together, and extend obliquely across from the anterior 
supenor spine of the ilium to the spme of the pubis and the linea iho- 
pectinea. In the median line, it interlaces ’with the aponeurosis of the 
opposite muscle, formmg the Imca alba, which extends from the ensiform 
cartilage to the symphysis pubis 


Fig. 502. — The External obhque muscle. 



That portion of the aponeuiosis which extends between the anterior superior 
spine of the ilium and the spine of the pubis is a thick band, folded inwards, 
and oontiTiuouH below wnth the fascia lata : it is called Poupart^s ligament. 
The portion which is reflected from Poupart’s ligament at the spine of the 
pubis along the pectineal line is called Oimh&rmVs ligament. ‘From the pomt 
of attachment of the lattgr to the pectineal line, a few fibres pass upwards and 
inward^ behind the inner pillar of the external aMominal ring, to the linea 
, diverge as they ascend, and form a thin triangular fibrous layoi, 

which IS called the triangular fascia. 
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In the aponeurosis of the External oblique; immediately above the crest 
of the pubis, is a triangular opening, the external abdominal ring^ formed by 
a separation of the fibres of the aponeurosis in this situation. 

The following parts of the aponeurosis of the External oblique muscle 
require further description, viz. the external abdominal ring, the inter- 
columnar fibres and fascia, Poupart’s ligament, Gimbernat’s ligament, and 
the triangular fascia. 

V The external or superficial abdominal ring (annulus inguinalis subcuta- 
neus) is an interval in the aponeurosis of the External oblique, just above and 
to the outer side of the crest of the pubis. The aperture is oblique in direction, 
somewhat triangular in form, and corresponds with the course of the fibres of 
the aponour^is. It usually measures from base to apex about an inch, and 

Fig. 503. — The external abdominal ring. 



transversely about half an incli. It is bounded below by the crest of the 
pubis; on citlier side by the margins of the opening in the aponeurosis, 
which arc called the columns or pillars of the ring ; and above, by a series of 
curved fibres, the intercolumnar (fig. 503), which pass across the upper angle 
of the ring, so as to increase its strength. 

The external or inferior pillar (crus inferius) is the stronger ; it is formed 
by that portion of Poup^rs ligament which is inserted into the spine of the 
pubis ; it is curved so as'to form a kind of groove, upon which the spermatic 
cord rests. The internal or superior pillar (crus superius) is a broad, thin, flat 
band, which is attached to the front of the symphysis pubis, interlacing with 
its fellow of the opposite side, that of the right side being superficial. 

The external abdominal ring gives passage to the spermatic cord and 
ilio-inguinal nerve in the male, and to the round ligament of the uterus and 
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the ilio-iuguinal nerve in the female : it ifi much larger in men than in women, 
on account of the large size of tlic spermatic cord. 

The intercolumnar fibres (fibrse intercrurales) arc a series of curved 
tendinous fibres, which arch across the lower part of the aponeurosis of the 
External oblique, describing a curve with the convexity downwnrds. They 
have received their name from stretch inc across betw'^een the two pillars of the 
external ring. They are much thicker and stronger at the outer margin 
of the external ring, where they are connected to Poupart’s ligament, than 
internally, where they are inserted into the linea alba. They are more strongly 
developed in the male than in the female. The intercolumnar fibres increase 
the strength of the low’-er part of the aponeurosis, and prevent the divergence 
of the pillars from one another. 


Fig. 504. — The Internal oblique muscle. 



These intercolumnar fibres, as they pass across the external abdominal 
ring, arc themselves connected together by delicate fibrous tissue, thus forming 
a fascia, which, as it is attached to the pillars of the ring, covers it m, and is 
called the intercolarmiar fascia. Tliis intercolumnar fascia is continued 
down as a tubular prolongation around the spermatic cord and testis, and 
encloses them in a distinct sheath ; hence it is also called the external spermatic 
fascia. The external abdominal ring is only seen as a distinct aperture after 
the external spermatic fascia has been removed from its pillars. 

; tjaP oupart ^ S liga ment (lig. inguinale) is the lower border of the aponeurosis 
of the External oblique muscle, and extends from the anterior superior spine 
of the ilium to the spine of the pubis. From this latter point it is rejg,p ctqd 
b ac ^fward fi nntu a.rdi^ t o be attached to t he p ectinealjine for about half 
ah inch, forming ngtinyemaPs*"^*^^ Tfs gl^ileraPBif eefioS' is^ conv^" 
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downwards towards the thigh, where it is continuous with the fascia lata/ Its 
outer half is rounded, and oblique in direction. Its inner half gradually 
widens at its attachment to the pubis, is more horizontal in direction, and 
lies beneath the spermatic cord. 

Nearly the whole of the space included between the crural arch and the 
innominate bone is filled in by the parts wliich descend from the abdomen, 
into the thigh. 

Gimbernat’s ligament (lig. lacimare) is that part of the aponeurosis 
of the External oblique muscle which is reflected backwards and outwards 
from the spine of the pubis to be inserted into the pectineal line. It is 
about half an inch in length, larger in the male than in the female, almost 
horizontal in direction in the erect x>osture, and of a triangular form with the 
base directed outwards. Its base, or outer margin, is concave, thin, and sharp,, 
and forms the inner boundairy of the crural ring. Its apex corresponds to the 

spine of the pubis. Its posterior 
Fia.^6.— ^J’he Cremaster muscle. margin is attached to the pectineal 

line, and is continuous with the 
pubic portion of the fascia lata. 
Its anterior margin is attached to 
Poupart’s ligament. Its surfaces are 
directed upwards and downwards. 

The triangular fascia (lig. 
inguinale reflexum) of the abdomen 
is a layer of tendinous fibres of a 
triangular shape, formed by an ex- 
pansion from Gimbernat’s ligament 
and the 'outer pillar of the ring. 
It passes inwards behind the sper- 
matic cord, and (expands into a 
sonujwhat fan-shaped fascia, lying 
behind tlie inner pillar of the ex- 
ternal abdominal ring, and in front 
of the conjoined tendon, and inter- 
laces with tlie ligament of the other 
side at th(^ linea alba. 

Ligament of Cooper. — Tliis 
is a strong fibrous band, which was 
first described by 8ir Astley Cooper. 
It extends outwards from the base 
of Gimbernat’s ligament along the 
ilio-pectineal line, to which it is 
attached. It is strengthened by 
the pectineal aponeurosis, and by 
a lateral expansion from the lower 
attachment of the linea alba 
(adminiculum lineas albas). 

The Obliquus internus abdominis (fig. 504), thinner and smaller than 
tlie preceding, beneath which it lies, is of an irregularly quadrilateral form, 
and situated at the side and fore part of the abdomen. It arises, by fleshy 
fibres, from the outer half of Poupart’s ligament, being attached to the groove 
on its upper surface, from the anterior two-thirds of the middle lip of the crest 
of the ilium, and from the posterior lamella of the lumbar fascia. From 
this origin the fibres diverge, those from Poupart’s ligament, few in number, 
and paler in colour than the rest, arch downwards and inwards across the 
spermatic cord in the male and the round ligament in the female, and, becoming 
tendinous, are inserted, conjointly with those of the Trans versalis, into the 
crest of the pubis and inner part of the ilio-pectineal line behind Gimbemat’s 
ligamimt, forming what is Imown as the conjoined tendon of the Internal 
oblique and Transversalis. Those from the anterior third of the iliac origin 
are horizontal in their direction, and, becoming tendinous along the lower 
foiil^ of the linea semilunaris, pass in front of the Bectus muscle to be inserted 
into the linea alba. Those arising from the middle third of the origin 
from the crest of the ilium pass obliquely upwards and inwards, and terminate 
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in an aponeurosis ; this divides at the outer border of the Rectus muscle 
mto t\^o lamellae, which are continued forwards, one in fiont of and the other 
behind this muscle, to the Imea alba : the posterior lamella bemg also con- 
nected to the cartilages of the seventh, eighth, and ninth ribs. The most 

E osterior fibres pass almost vertically upwaids, to be inserted into the lo^^ 
oidcrs of the cartilages of the three loiter nbs, being continuous^ with the 
Internal intercostal muscles. 


Fi(, 50C —The Tran^ei sails. Rectus, and Pyiamidahs muscles 



The Cremaster (fig 505) is a thin musculai layer, composed of a number 
of fasciculi which arise from the middle of Poupait’s ligament where its fibres 
are continuous with those of the Internal oblique and also occasionally with 
the Tiansver&alis. It passes along the outer side of the spermatic coid, descends 
with it thiough the external abdommal rmg upon the front and sides of the 
cord, and forms a series of loops which differ in thickness and length in different 
subjects. Those at the upper part of the cord ore exceedingly short, but 
they become in succession longer and longer, the longest reachmg down as 
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low as the testicle, where a few are inserted into the tunica vaginalis. These 
loops are united together by areolar tissue, and form a thin covering over 
the cord and testis, the cremaateric fascia. The fibres ascend along the inner 
side of the cord, and are inserted by a small pointed tendon into the spine and 
crest of the pubis and into the front of the sheath of the Rectus. 

It will be observed that the origin and insertion of the Cremaster are 
precisely ‘similar to those of the lower fibres of the Internal oblique. This 
fact is explained by the manner in which the testis and cord are invested 
by this muscle. At an early period of foetal life the testis is placed at the 
lowtu’ and back part of the abdominal cavity, but during its descent towards 
the scrotum, which takes place before birth, it carries on it some fibres from 
.the low^er part of the muscle, and these accompany the testis and cord into 
the scrotum. 

The Transversalis abdominis (m. trans versus abdominis) (fig. 506), so 
called from the direction of its fibres, is the most internal of the flat muscles 
of the abdomen, being placed immediately beneath the Internal oblique. 
It arises by flesliy fibres from the outer third of Poupart’s ligament, from the 

F'ig. 507. — The ligaments of Henie and Hosselbach, seen from in front. 

(Modified from J^raunc.) 

Semihwar fold 

of Douglas Trausversalia 



Ligafnrnl of Henie Liganient of llesselha eh 


anterior three-fourths of the inner lip of the crest of the ilium, from the inner 
surfaces of the cartilages of the lower six ribs, interdigitating with the 
Diaphragm, and from the lumbar aponeurosis, wliich may be regarded as 
the posterior aponeurosis of the muscle, and which has been seen to divide 
into three lamella? (see page 493). The muscle terminates in front in a 
broad aponeurosis, the low er fibres of which curve downwards and inwards, 
and are inserted, together w ith those of the Internal oblique, into the crest 
of the pubis and pectineal line, forming wdiat is known as the conjoined 
tendon of the Internal oblique and Transversalis. Throughout the rest of 
its extent the aponeurosis passes horizontally inw^ards, and is inserted into 
the linea alba ; its upper three-fourths passing behind the Rectus muscle, 
blending with the posterior lamella of the Internal oblique ; its lower fourth 
passing in front of the Rectus. 

cpfUQoined tenhdon of the IgteiaaaX . obH ^ e and Tr anay is mainly 
formed^y the low er part of the tendon of "the TTfahs^r^lisTarm inserted 
inta, the crest of the pubis and ilio-pectineal line immediately behind the 
extcgmal abdominal ring, serving to protect what would otherwise be a weak 
point in the abdomin^ wall. The conjoined tendon is sometimes divided 
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into an outer and an inner portion — the former being termed the ligam&int 
of Heasdbach ; the latter, the ligainent of Herde (fig. 507). 

The Rectus abdominis is a long flat muscle, which extends along the 
whole length of the front of the abdomen, being separated from its fellow of 
the opposite side by the linea alba. It is much broader, but thinner, above 
than below, and arises by two tendons, the external or larger being attached 
to the crest of the pubis, the internal, smaller portion, interlacing with its 
fellow of the opposite side, and being connected with the ligaments covering 
the front of the symphysis pubis. The muscle is inserted by three portions 
of unequal size into the cartilages of the fifth, sixtii, and seventh ribs. The 
upper portion, attached principally to the cartilage of the fifth rib, usually 
has some fibres of insertion into the anterior extremity of the rib itself. Some 
fibres are occasionally connected with the costo-xiphoid ligaments, and side 
of the ensiform cartilage. 

The Rectus muscle is traversed by tendinous intersections, three in number, 
which have received the name of Unece transversce (inscriptiones tendinese). 
One of these is usually situated opposite the umbilicus, one corresponds to 
the extremity of the ensiform cartilage, and the other is about midway between 
the ensiform cartilage and the umbilicus. These intersections pass trans- 
versely or obliquely aciross the muscle in a zigzag course ; they rarc'ly extend 
completely through its substance ; they may pass only halfway across it, 
and are intimately adherent in front to the sheath in which the muscle is 
enclosed. Sometimes one or two additional lines, generally incomplete, 
may be seen below the umbilicus. 


Fig. 508. — JJiagram of sheath of Rectus. 



The Rectus is enclosed in a sheath (fig. 508) formed by tlie aponeuroses of 
the Oblique and Transversalis muscles, which arc arranged in the following 
manner. When the aponeurosis of the Internal oblique arrives at the outer 
margin of the Rectus, it divides into tw'o lamelhe, oni? of whicJi passes in 
flout of the Rectus, blending witli the aponeurosis of the External oblique, 
the other, beldnd it, blending with the aponeurosis of the Transversalis, and 
thes(\ joining again at its inner border, are inserted into the linea alba. This 
arrangement of the aponeurosis exists from the costal margin to midway 
between tJie umbilicus and sympliysis pubis, wiiere the posterior wall of the 
sheath terminates in a thin curved margin, the amdlunar fold of Douglas 
(linea semicircularis), the concavity of which looks downwards towards the 
pubis : below this level the aponeuroses of all three muscles pass in front of 
the Rectus without any separation. The extremities of the fold of Douglas 
descend as pillars to the pubis. The inner pillar is attached to the symphysis 
pubis ; the outer pillar, the ligament of Hesselbach, or outer part of the conjoiiu^d 
tendon, passes downwards as a distinct band on the inner side of the internal 
abdominal ring, and there its fibres divide into two sets, internal and external : 
the internal fibres are attached to the ascending ramus of the pubis and the 
pectineal fascia ; the external ones pass to the Psoas fascia, to tlie deep surface 
of Poupart’s ligament, and to the tendon of the Transversalis on the outer 
side of the ring. The Rectus muscle, in the situation where its sheath is 
deficient below, is separated from the peritoneum by the fascia transversalis 
(fig. 509). Since the tendons of the Internal oblique and Transversalis only 
reach as high as the costal margin, it follows that above this level the 
sheath of the Rectus is also deficient behind, the muscle resting directly on 
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tlie cartilages of the ribs, and being covered merely by the tendon of the 
External oblique. 

The Pyramidalis is a small muscle, triangular in shape, placed at the 
loweT^ parr of IliT* "abdomen in front of the Rectus, and contained in the 
slieath of that muscle. It arises by tendinous fibres from the front of the pubis 
and the anterior pubic ligament ; the fieshy portion of the muscle 2)asses 
upwards, diminishing in size as it ascends, and terminates by a pointed 
extremity which is insert(*d into the linea alba, midway between the umbilicus 
and the pubis. This muscle may be wanting on one or both sides ; the 
lower end of the Rectus tlum becomes proportionately increased in size. 
Occasionally it is double on one side, and the muscles of the two sides 
are sometimes of unequal size. It may extend higher than tho level stated 
above. 

Besides th(i Rectus and Pyramidalis muscles, the sheath of the Rectus contains 
the superior and deep epigastric arteries, and the terminations of the lumbar 
arteries and lower intercostal arteries and nerves. 

Nerves. — The abdominal muscles are supplied by the low(;r intercostal nerves. 
The Transv(usalis and Internal oblique also receive filaments from the liypogastric 
branch of the ilio-hypogastric and sometimes from the ilio-inguinal. The (^Veinastcr 
is supplied by tin*. g(’!iiital branch of the genito-crural and the Pyramidalis usually 
by the tw’elfth thoracic. 

is a tendinous rapho seen along the middle line of the 
abdomen, extending from the ensiform cartilagtj to the syinx^hysis pubis, 
and attached to both. It is phicc»d between the inner borders of the Recti, 
and is formed by the bhmding of llie aponeuroses of the Obliqui and Trans- 

Fui. 509.— Biagi arn of a transverse secition through the anterior abdominal wall, 
below the somiliinar fold of Douglas. 



versalcs inusch\s. It is narrow below', (*orTes|)()nding to the linear interval 
(existing between the Recti ; but broader abov(‘, as these muscles diverge 
from om^ another in their ascent; it becomes of (considerable breadth after 
great distension of the abdomen from ])regnancy or ascites. At its low^cr end 
the linea alba has a double attachment — its superficial fibres passing in front 
of the inner heads of the Recti to the symphysis pubis, wliile its deeper fibres 
form a triangular lamella, attached behind the Recti to the posterior lip of 
the crest of tlie pubis, and named tlic adminiculum linetr albce. It presents 
numerous apertures for the fiassago of vessels and nerves ; the umbilicus, 
which in tlie feetus exists as an aperture and transmits the umbilical vessels, 
is obliterated in the adult, the (cicatrix being stronger than tlie neighbouring 
parts ; hence umbilical hernia occurs in the adult near the umbilicus, wdiile in 
the fojtiis it occurs at the umbilicus. 

The lines semilunarQ^ are tw'o curved tendinous lines placed one on either 
side 6i the linea alba. Each corresponds with the outer border of the Rectus 
muscle, extends from the cartilage of the ninth rib to the pubic spine, and is 
formed by the aponeurosis of the Internal oblique at its point of division to 
enclose tlie Rectus, reinforced in front by that of the External oblique, and 
behind by tliat of tlie Trans versalis. 

Actions. — WluMi the pelvis and thorax are fixed, the abdominal muscles com- 
press the abdominal viscera, by constricting the cavity of the abdomen, in which 
action they are materially assisted by the descent of the Diaphragm. By these 
mec.ns assistance is given in expelling the fmtus from the uterus, the fseces from 
the. rectum, the urine from the bladder, and the contents of the stomach in 
yoniiting. 
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If the pelvis and vertebral column be fixed, these muscles compress the lower 
part of the thorax, materially assisting expiration. If the pelvis alone be fixed, 
the thorax is bent directly forward, when the muscles of both sides act ; when 
the muscles of only one side contract the trunk is bent towards that side and 
rotated towards the opposite side. 

If the thorax be fixed, the muscles, acting together, draw the pelvis upwards, 
as in climbing ; or, acting singly, they draw the pelvis upwards, and bend the 
vertebral column to one side or the other. The Kecti, acting from below, depress 
the thorax, and consequently flex the vertebral column ; when acting from above, 
they flex the pelvis upon the vertebral column. The Pyramidales are tensors 
of the linea alba. 

The is a thin aponeurotic membrane whicli lies 

between the inner surface of the Transversal is muscle and the extra-peritoneal 
fat. It forms part of the general layer of fascia lining the abdominal parietes, 
and is dire(;tly continuous with the iliac and pelvic fasciae. In the inguinal 
region, the transversalis fascia is thick and dense in structure and joined by 


Fia. 510. — The left internal abdominal ring. 



fibres from the aponeurosis of tlie Transversalis muscle, but it becomes thin 
as it ascends to tlie Diaphragm, and blends with the fascia covering the under 
aspect of this muscle. In front, it unites across the middle line with the 
fascia on the opposite side of the body ; and behind, it becomes lost in the 
fat which covers the posterior surfaces of the kidneys. Below, it has the 
following attachments : posteriorly, to the whole length of the crest of the 
ilium, between the attachments of the Transversalis and Iliacus muscles ; 
between the anterior superior spine of the ilium and the femoral vessels it 
is connected to the posterior margin of Poupart’s ligament, and is there 
continuous with the iliac fascia. Internal to the femoral vessels it is thin and 
attached to the pubis and ilio-pectineal line, behind the conjoined tendon, 
with which it is united ; it descends in front of the femoral vessels to form 
the anterior wall of the femoral sheath. Beneath Poupart’s ligament it is 
strengthened by a band of fibrous tissue, which is only lo<jj|sely connected to 
Poi^art’s ligament, and is specialised as the deep crural ar^. The spermatic 
cord in the male and the round ligament in the female pass through the 
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transversalis fascia at a point called the internal abdominal ring. This opening 
is not visible externally since the transversalis fascia is prolonged on these 
structures as the infundihuliform fascia. 

The internal or deep abdominal ring (annulus inguinalis abdominalis) 
is situated in the transversalis fascia, midway between the anterior superior 
i^ine of the ilium and the symphysis pubis, and about half an inch above 
Foupart’s ligament (fig. 510). It is of an oval form, the long axis of the oval 
being vertical; it varies in size in different subjects, and is much larger 
in the male than in the female. It is bounded, above and externally, by 
the arched fibres of the Transversalis ; below and internally, by the deep 
epigastric vessels. It transmits the spermatic; cord in the male and the 
round ligament in the female. From its circmmference a thin funnel-shaped 
membrane, the infundihuliform fascia, is continued round the cord and 
testis, enclosing them in a distinct covering. 

Extra-peritoneal connective tissue. — Between the inner surface 
of the general layer of the fascia which lines the interior of the abdominal 
and pelvic cavities, and the peritoneum, there is a considerable amount of 
connective tissue, termed the extra-peritoneal or svbperitoneal connective 
tissue. 

The parietal portion lines the cavity in varying quantities in different 
situations. It is especially abundant on the posterior wall of the abdomen, 
and particularly around the kidneys, where it contains much fat. On the 
anterior . wall of the abdomen, except in the pubic region, and on the roof, 
of the abdomen, it is scanty, and here tlie transversalis fascia is more closely 
connected with the peritoneum. There is a considerable amount of extra- 
peritoneal connective tissue in the pelvis. 

The visceral portion follows th(‘ course of the branches of the abdominal 
aorta between the layers of the mesenteries and other folds of peritoneum 
which connect the various viscera to the abdominal wall, and assist in fixing 
them. The two portions are dii’ectly continuous with each other. 

The deep crural arch. — Curving over the external iliac vessels, just at the 
point where they become femoral, on the abdominal side of Poupart’s ligament 
and loosely connected with it, is a thickened band of fibres called the deep 
crural arch. It is apparently a thickening of the fascia transversalis, joined 
externally to the centre of the lower margin of Poupart’s ligament, and 
arching across the front of the crural sheath to be inserted by a broad attach- 
ment into the spine of tlie pubis and ilio-pectineal line, behind the conjoined 
tendon. In some subjects this structure is not very prominently marked, 
and not infrequently it is altogether wanting. 


Surface Form . — ^The skin of the abdomen is thin and sensitive. In the male, it is often 
thickly hair-clad, especially towards the low^er part of the middle line. In the female, 
the liairs are confined to the pubes. After distension from jjregnancy or other causes, 
the skin commonly presents transverse white lines, which are quite smooth, being destitute 
of papilla\ These are known as strim gravidarum. 

The only muscles of the abdomen wkich have any considerable influence on surface 
form are the External oblique and Rectus. With regard to the External oblique, the 
upper digitations of its origin from the ribs are well marked in a muscular subject, 
interdigitating with tho.se of the Serratus magnus ; the lower digitations are not visible, 
being covered by the thick border of the Lijitissimus dorsi. Its attachment to the crest 
of the ilium, in conjunction with the Internal oblique, forms a thick oblique roll, which 
determines tlic iliac furrow. Sometimes on the front of the lateral region of the abdomen 
an undulating outline marks the spot where the muscular fibres terminate and the apo* 
neurosis commences. The outer border of the Rectus is defined by the linea semilunaris, 
which may be exactly determined by putting the muscle into action. It corresponds 
with a curved line, with its convexity outwards, drawn from the end of the cartilage of 
the ninth rib to the spine of the pubis ; at the level of the umbilicus, it is about three 
inches from the median line. The surface of the Rectus presents three transverse furrows, 
the lint<B transvert^a . The upper two of these, viz. one opposite or a little below the 
tip of the ensiform cai tilage, and the other midw^ay between this point and the umbilicus, 
are usually well marked; the third, opposite the umbilicus, is not so distinct. ^Phe 
umbilicus, situated in the linea alba, varies in position as regards its height. It is placed 
frojon throe-quarters^j,of an inch to an inch above the level of the tubercles of the 
crests, and usually corresponds to the disc between the third and fourth lumbar 
vertebras. 
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2. Posterior Muscles of the Abdomen 

Psoas luagnus. Iliacus. 

Psoas parvus. Quadratus lumborum. 

The Psoas magnua, the Psoas parvus, and the Iliacus muscles, with the 
fasciae covering them, will be described with the muscles of the lower 
extremity (see page 664). 

The fascia covering the Quadratus lumborum.— This is the most 
anterior of the three layers of the lumbar aponeurosis. It is a thin layer of 
fascia covering the anterior surface of the Quadratus lumborum, and attached, 
internally, to the bases of the transverse processes of the lumbar vertebrae ; 
below, to the ilio-lumbar ligament ; above, to the apex and lower border of 
th(i last rib. 

The upper margin of this fascia, which extends from the transverse process 
of the first lumbar vertebra to the apex and lower border of the last rib, 
constitutes the ligamentum arcuatum externum (page 502). 

The Quadratus lumborum (fig. 499. page 495) is situated in the lumbar 
region. It is irregularly quadrilateral in shape, and broader below than above. 
It arises by aponeurotic fibres from the ilio-lumbar ligament and the adjacent 
portion of the crest of the ilium for about two inches, and is inserted into 
tlio lower border of the last rib for about half its length, and by four 
small tendons into the apices of the transverse j)roeeBses of the upper tour 
lumbar vertebrae. Occasionally a second portion of this muscle is found in 
front of tlie preceding. It arises from the upper borders of the transverse 
process(*8 of the lower tliretJ or four lumbar vertebrae, and is inserted into 
the lower margin of the last rib. The Quadratus lumborum is contained in 
a sheath formed by the anterior and middle lamelhe of the lumbar aponeurosis, 
in front of which are the colon, the kidney, the Psoas, and the Diaphragm ; 
between the fascia and the muscle are the last thoracic, ilio-inguinal, and 
ilio-hypogastric nerves. 

Nerve-supply. — The last thoracic and first and socojkI lumbar nerves supply 
t liis muscle. 

Actions. — The Quadra tUtS lumborum draws down the last rib, and acts as a 
musc;le of inspiration by helping to fix the origin of the Diaphragm. If the thorax 
and spine arc fixed, it may act upon the pelvis, raising it towards its own side 
when only one muscle is put in action ; and when both muscles act together, 
either from below or above, they flex the trunk. 


tv. Muscles and FAsci.ii: of the Pelvis 

Obturator internus. Levator ani. 

Pyriforinis. Coccygeus. 

The muscles uithin tlie pelvis may be divided into two groups : (1) the 
Obturator internus and the Pyriformis, whicli are muscles of the lower 
extremity, and will be described with those (page 575) ; (2) the Levator ani and 
the Coccygeus, which together form the pelmc diaphragm and are associated 
with the pelvic viscera. The classification of the two groups under a common 
heading is convenient in connection with the fasciae investing the muscles. 
These fasciae are closely related to one another and to the deep fascia of the 
perinaeum, and in addition have special connections with the fibrous coverings 
of the pelvic viscera ; it is customary therefore to describe them together 
under the term pelvic fascia. 

Pelvic fascia. — The fascia of the pelvis may be resolved into : ((A) the 
fascial sheaths of the Obturator internus, Pyriformis, and pelvic diaphragm ; 
(b) the fascia associated with the pelvic viscera. 

The fascia of the Obturator internus covers the pelvic surface of, and is 
attached round the margin of the origin of, the muscle. Above, it is loosely 
connected to the back part of the ilio-peetineal line, and here it is continuous 
>vith the iliac fascia. In front of this, as it follows the line of origin of the 
Obturator internus, it gradually separates from the iliSc fascia and the 
continuity between the two is retained only through the periosteum. It arches 
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beneath the obturator vessels and nerve, completing the obturator canal, 
and at the front of the pelvis is attached to the back of the body of the pubis. 
Below, the obturator fascia is attached to the falciform process of the great 
sacro-sciatic ligament and to the pubic arch where it becomes continuous with , 
the deep layer of the fascial sheath of the Compressor urethras (deep layer of 
the triangular ligament). Behind, it is prolonged out on the Obturator internus 
into the gluteal region. 

The pudic vessels and nerve cross the pelvic surface of the Obturator 
internus and are enclosed in a special canal — Alcock^s canal — formed by the 
obturator fascia. 

The fascia of the Pyriformis is very thin and is attached to the front of the 
sacrum and the sides of the great sacro-scLatic foramen; it is prolonged out 
on the muscle into the gluteal region. At its sacral attachment round the 
margins of the anterior sacral foramina it comes into intimate association 
with and ensheath(\s tlie nerves emerging from these foramina. Hence the 
sacral nerves are frequently dc^scribed as lying behind the fascia. The internal 
iliac vessels and their brandies, on the other hand, lie in the subperitoneal 


Fig. .511. — Coronal section of i»elvis, showing arrangement of fascise from behind. 



tissue in front of the fascia, and tlie branches to tlie gluteal region emerge in 
special sheaths of this tissue, above and below the Pyriformis muscle. 

The fascia of the pelvic diaphragm covers both surfat^es of the muscles. 
'J’lie laycT covering the lower surface (fascia inferior diaphragmatis pelvis) 
is known as the anal fascia. It is attached above to the obturator fascia along 
the line of origin of the Levator ani, while below it is continuous with the deep 
layer of the triangular ligament and with the fascia on the Internal sphincter 
ani. The layer covering the upper surface of the pelvic diaphragm (pars 
diaphragmatica fasciae pelvis) follows, above, the line of origin of tlie Levator 
ani and is therefore sonu^what -variable. In front it is attached to the back 
of the symphysis jiubis about three-quarters of an inch above its lower border. 
It can then be traced outwards across the back of the body of the pubis for 
a distance of about half an inch, when it roaches the obturator fascia. It is 
attached to this fascia along a line which pursues a somewhat irregular course 
to the spine of the ischium. The irregularity of this line is duo to the fact 
that the origin of, the Levator ani, which in lower forms is from the pelvic 
brim, is in man lower down, on the obturator fascia. Tendinous fibres of origin 
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of the muscle are therefore often found extending up towards, and in some 
cases reaching, the pelvic brim, and on these the fascia is carried. 

It will be evident that the fascia covering tliat part of the Obturator 
internus above the origin of the Levator ani is a composite fascia and 
includes the following : (a) the obturator fascia ; (6) the fascia of the Levator 
ani ; (c) degenerated fibres of origin of the Levator ani. Tiiis portion was 
formerly described as the pelvic fascia. 

The lower margin of the fascia covering the upper surface of the pelvic 
diaphragm is attached along the line of insertion of the muscle. 

At the level of a line extending from the lev er part of tJie symphysis pubis 
to the spine of the ischium is a thickened whitisli band in tliis ui>por layer of 
the pelvic diaphragmatic fascia. It is termed tlie white line (arcus tendinous 
fasciae pelvis), and marks the line of attachment of tlic spc^cial fascia (pars 
endopelvina fas(‘iaB pelvis) wliich is associated with the pelvic viscera. 

The fascia evdopelvim is to be regarded as a thickening of the subperitonoal 
tissue round the various pelvic viscera, to form for tlumi fibrous coverings 


Fic. 512. — Side view of pehic visceia of the male buhjcct, showing 
the la-icia endo£)cl\ina. 



wliich will be described latter (si^o section on Siilanchnology) . It is attached 
to the fascia on the upper surface of the pelvic diaphragm along the white line, 
and has been subdivided in accordance with the viscera to wdiich it is related. 
TJius its anterior part, known as the vesical layer, forms the anterior and 
lateral ligaments of the bladder. Its middle part crosses the floor of the pelvis 
between the rectum and vesiculac seminales as the recto-vesical layer ; in the 
female this is perforated by the va^na. Its iioslorior portion passes to the 
side of the rectum ; it forms a loose sheath for the rectum, but is firmly attached 
round the anal canal ; this portion is knowm as the rectal layer. 

The Levator ani (fig. 513) is a broad, thin muscle, situated on the sid^ 
of the pelvis. It is attached to the inner surface of the side of the true pelvis, 
and descends to unite with its fellow^ of tlie opposite side and form the greater 
part of the floor of the pelvic cavity. . It supports the viscera in this cavity 
and surrounds the various structures which pass through it. It arises, in 
front, from the, posterior surface of the body of the pubte on the outer side 
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of the symphysis ; behind, from the inner surfa(;o of the spine of the ischium ; 
and between these two points, from the o}>turator fascia. Posteriorly, this 
fascial origin corresponds, more or less closely, with the white line (page 519), 
but in front, the muscle arises from the fascia at a varying distance abot^e 
the white line, in some cases reaching nearly as high as the canal for 
the obturator vessels and nerve. Tlio fibres pass downwards to the middle 
line of the floor of the pelvis ; the most posterior are inserted into the sides 
of the last two segments of the coccyx ; those placed more anteriorly unite 
with the muscle of tlie oj)posite side, in a median fibrous raphe (mw-coccygeal 
raphe), whi(;li extends between the coceyx and the margin of the anus. The 


Fia. 513. — Left levator ani from within. 



A no-coccygeal rajflir 


middle fibres are inserted into the side of the rectum, blending with the 
fibres of the Sjdiincter muscles ; lastly, the anterior fibres descend upon the 
side of the ijrostatc gland to unite beneath it with the muscle of the opposite 
side, joining with the fibres of the External sphincter and Transversus 
perinaei muscles at the ce ntral tendinous point of the perinseum. 

The anterioi portion is occasionally separated from the rest of the muscle 
by connective tissue. From this circumstance, as well as from its peculiar 
rdation with the prostate gland, descending by its side, and surrounding 
it as in a sling, it lias been described by Santorini and others as a distinct 
musde, under the name of Levator prostatce. In the female the anterior fibres 
of the Levator ani*^ descend upon the side of fiic vagina. 
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Relations. — By its vpper or pelvic surface, with the iMcia which separates it 
from the bladder, prostate, rectum, and peritoneum. By its lower or perineal surface, 
it forms the inner boundary of the ischio-rectal fossa, and is covered by a thin layer of 
fascia, the ischio-rectal or anal jascia, given off from the obturator fascia. Its posterior 
border^ is free and separated from the Coccygous muscle by a cellular interspace. 11 h 
anterior border is separated from the muscle of the opposite side by a triangular space, 
through which the urethra, and in the female the vagina, pass from the pelvis. 

Tlie Levator ani may be divided into ilio-coceygeal and pubo-cocoygeal parts. 

The Ilio-coccygeus arises from the ischial spine and from the posterior part of the pelvic 
fascia, and is attached to the coccyx and ano-coccygoal raphe : it is usually thin, and 
may fail entirely, or bo largely replaced by fibrous tissue. An accessory slip at its 
posterior part is sometimes named the Ilio-sacralis. Tlio Pvbo-coccygeus arises from the back 
of the pubis and from the anterior part of the obturator iascia, and ‘ is directed backwards 
almost horizontally along the side of the anal canal toward the coccyx and sacrum, 
to which it finds attachment. Between the termination of the vertebral column and the 
anus; the two pubo-coccygoi muscles come together and form a thick, fibro-muscular 
layer lying on the raphe formed by llie Ili(>-cocc*ygei ’ (Thompson). The greater part of 
this muscle is inserted into the coccyx and into the last one or two pieces of the sacrum. 
"Hiis insertion into tlie vertebral column is, however, not admitted by all observers. The 
hbres uhich form a sling for the rectum arc named iho Pubo-rectalis or Sphincter recti. 
Tliey arise from the lower part of the symphysi pubis, and from the upijcr layer of the 
triangular ligament. They moot with the corresponding fibres of the opposite side around 
the lower part ot the red urn, and form lor it a strong sling. 

Nerve-supply. — The Levator ani is supplied by a branch from the fourth sacral 
nerve and by a branch which is aoiuetinics derived from the perineal, sometimes 
from the interior httmioirhoidal division of the ])udic nerve. 

The Coccygeus (fig. 513) is situated bcliiud and parallel with the preced- 
ing. It is a triangular plane of muscular and tendinous fibres, arising by 
its apex from the s})ine of tli<‘ ischium and lesser sacro-sciatic ligament, and 
inserted by its base into the margin of the coccyx and into the" side of the 
lowest piece of the sacrum. It assists the Levator ani and Pyriformis in 
closing in the back yiai't of the outlet of the pelvis. 

Nerve-supply.- -The Coccygdis is supplied by a branch from the fourth and 
tiftli sacral nerves. 

Actions. — The Levatorea ani constiict the lovNcr end ol the rectum and vagina. 
Th(*y elevate and inv(*it the lower end ol the rectum after it has been protruded 
and everted during tJi(‘ (‘xjiulsion ot th<» ia‘ce.s. Th(*y an* also muscles of forced 
expiration. The (\jccvgei muscles pull forward and support the coccyx, after it has 
been pressed l)ackwards during deJiccalion or parturition. The Levatoresani and 
(V)ccygei together form a muscular diaidiragm wliich supports the pelvic viscera. 


V. Mrsf^hEs AisD Pasct.e of the Pebin^um 

The pcriria*um corresponds to tlic outlet of the pelvis. Its deep boundaries 
are - in front, the pubic arch and tlic subpubic ligaimuii ; bcliind, the tip of 
the coccyx ; and on eitlior side the rami of th<" pubis and ischium, and tho 
great sacro-sciatic ligament. The space is somewhat lozenge-shaped and is 
limited on the surface of the body by the scrotum in front, by the buttocks 
beliind, and on cither side by the inner side of tJie tliigh. A lino drawn trans- 
versely across in front of the ischial tuberosities divides tlie space into two 
portions. Tlio posterior contains the termination of tho anal canal and is 
known as tho ischio-rectal or anal region ; the anterior, which contains the 
external urogenital organs, is termed the vrogenital region. 

The muscles of the periiiarum may tlu'refore be divided into two groups : 

r. Those of the ischio-rectal region. 

2. Those of tho urogoniial region : a, In the male; b, In tho female. 


1. Muscles and Fascias of the Ischio-rectal Region 

Corrugator cutis ani. External sphincter ani. Internal sphincter ani. 

The superficial fascia is very thick, areolar in texture, and contains much 
fat in its meshes. On either side a pad of fatty tissue extends deeply between 
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the Levator ani and Obturator internus into a space known as the ischio- 
rectal fossa. 

The deep fascia forms the lining of the ischio-rectal fossa ; it comprises the 
anal fascia, and the portion of obturator fascia below the origin of Levator arti. 

Ischio-rectal fossa, — ^The fossa is somewhat prismatic in shape, with its 
base directed to the surface of tlic pcrinseum, and its apex at the line of meeting 
of the obturator and anal fasciae. It is bounded internally by the External 
sphincter ani, and the anal fascia ; oxternally by the tuberosity of the ischium 
and tile obturator fascia ; anteriorly by the fascia of Colics covering the trans- 
versus perinaei, and by the deep layer of the triangular ligament ; posteriorly 
by the Gluteus maximus and the great sacro-sciatic ligament. Crossing the 
space transversely are the inferior haemorrhoidal vessels and nerves ; at the 
back part arc the perineal and perforating cutaneous branches of the pudendal 
plexus ; while from the fore part the superficial perineal vessels and nerves 
emerge. The internal piidic vessels and nerve lie in Alcock’s canal on the 
external wall. The fossa is filled with fatty tissue across which numerous 
fibrous bands (extend from sidt^ to side. 

Applied AnaUmuj , — Atsceas in the ischio-rectal fossa commonly occurs ; it is most often 
the result of infection from the bowel, and is especially prone to occur in tuberculous 
subjects ; occasionally it follows perforation by a foreign body wliich has been swallowed, 
sucli as a lish bone. The abscess may bulge at the side of the anus, at the border of 
Gluteus maximus, or against the rectal wall. There is great pain on defa?cation, and, on 
examining the bowel, fulness on the side of the abscess may be detected. If left to itself 
the pus will find exit through the skin, or into the rectum, between the two Sphincters ; 
and the condition will degenerate into one of the varieties of fistula, owing to the constant 
pull of the Sphincter preventing closure of the walls of the cavity. These abscesses should 
be opened at the earliest possible moment, as they tend to track and burrow widely into the 
soft fat in the fossa, and also in the subcutaneous tissues. An incision should be made 
tangential to the anus over the region of the ischio-rectal fossa, and should then bo con- 
verted into a T, by making another incision outwards at right angles to it, so that the 
wound may be kept open and may heal up from the bottom. Frequently, however, in 
spite of care, a fistula ensues which requires division of the External sphincter for its cure. 

The Corrugator cutis ani. — Around the anus is a thin stratum of 
involuntary muscular fibre, whicli radiates from the orifice. Internally, the 
fibres fade off into the submucous tissue, while externally they blend with 
the true skin. By its contraction it raises the skin into ridges around the 
margin of the anus. 

The Sphincter ani externus (fig. 514) is a thin, flat plane of museular fibres, 
elliptical in shape and intimat(*ly adherent to the integument surrounding the 
margin of the anus. It measures about three or four inches in lengtli, from 
its anterior to its posterior extremity, b(ung about an inch in breadth, opposite 
the anus. It consists of two strata, superficial and deep. Tiie superficial, 
constituting the main portion of the muscle, arises from a narrow tendinous 
band, the ano-coccygeal raphe, which stretches from the tip of the coccyx to 
the posterior msirgin of the anus; it forms two flattened planes of muscular 
tissue, whicli encircle the anus and mecit in front to be inserted into the (jcntral 
tendinous point of the perimeum, joining with the Trans versus perinaii, the 
Levator ani, and the Acct^lerator urime. The deeper portion forms a complete 
sphincter to the anal canal. Its fibres surround the canal, closely applied 
to the Internal sphincter, and in front blend with the other muscles at the 
centra] point of the perinaium. In a considerable proportion of eases the 
fibres decussate in front of the anus, and are continuous with the Transversus 
perintei. Posteriorly, they are not attached to tlic coccyx, the fibres of 
opposite sides being continuous behind the anal canal. The up^ier edge 
of the muscle is ill- defined, since fibres are given off from it to join the 
Levator ani. 

Nerve-supply. — A branch from the fouith sacral and twigs from the inferior 
haeinorrhoidal brajich of the internal pudic supply the muscle. 

Actions. — The action of this muscle is peculiar. 1. It is, like other muscles, 
always in a state of tonic contraction, and having no antagonistic muscle it keeps 
the anal canal and orifice closed. 2. It can be put into a condition of greater 
contraction under the influence of the will, so as more firmly to occlude the anal 
aperture in expiratory efforts, unconnected with defaecation. 3. Taking its fixed 
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point at the coccyx, it helps to fix the central point of the perinaeum, so that the 
Accelerator urinoe may act from this fixed point. 

The Sphincter ani internus is a muscula.r ring which surroiinds the anal 
cinal for about an inch ; its inferior border being contiguous with, but quite 
separate from, the External sphincter. This muscle is about a sixth of 
an inch in thickness, and is formed by an aggregation of the involuntary 
circular fibres of the intestine. Its lower border is about a quarter of an 
inch from the external orifitJC. It is paler in colour and less coarse in texture 
than the External sphincter. 

Actions. — Its action is entirely involuntary. It helps tlu^ External sphincter 
to occlude the anal aperture. 

2. A Mtjsclbs and Fascjau of the Urogenital Region in the Male 

(figs. 5U. 515) 

Trans versus p(M*inaii. Erector penis. 

Accelerator urinal. Compressor urethra?. 

Superficial fascia. — The superficial f iscia of this region consists of two 
layers, superficial and deep. 

The superficial layer is thick, loose, arct>lar in texturi , and contains in its 
meshes much adipose tissue, the amount of wliieh varies in different subjects. 
In front, it is continuous with the dartos of the scrotum; behind, it is 
continuous with the subcutaneous areolar tissue surrounding the anus ; and. 


Fig. .514. — ^Thc perinannn. 

The integument and Riii)erlicial layer of superficial fascia I’eflected. 



on either side, with the same fascia on the inner sides of the thighs. In the 
middle line, it is adherent to the skin of the raphe and to the cleeii layer of 
the superficial fascia. 

The deep layer of superficial fascia (fascia of Colles) (fig. 514) is tJiin, 
aponeurotic in structure, and of considerable strength, serving to bind down 
the muscles of the root of the jicnis. It is continuous, in front, uith the 
dartos of the scrotum, the deep fascia of the penis, the fascia of the spermatic 
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cord, and Scarpa’s fascia upon the anterior wall of the abdomen ; on either 
side it is firmly attached to the margins of the rami of the pubis and ischium, 
external to the crus penis and as far back as the tuberosity of the ischium ; 
posteriorly, it curves round the Transversus perinsei muscles to join the lower 
margin of the triangular ligament. In the middle line, it is connected with 
the superficial fascia and with the median septum of the Accelerator urinae 
muscle. This fascia not only covers the muHcles in this region, but sends 
upwards a vertical septum from its deep surface, which separates the back 
part of the subjacent space into two, the septum being incomplete in front. 

The central tendinous point of the perinsum. — This is a fibrous point 
in the middle line of the perinscum, between the urethra and the rectum^ and 
about half an inch in front of the anus. At this point six muscles converge 
and are attached : viz. the External sphincter ani, the Accelerator urinae, 
the two Trans versi perinsei, and the anterior fibres of the Levatorcs ani ; so 
that by the contraction of tJiese muscles, which extend in difftjrent directions, 
it serves as a fixed point of support. 

The Transversus perinaei is a narrow muscular slip, which passes more 
or less transversely across the perineal space in front of the anus. It aiws 
bj^ ttmdinous fibres from the inner and fore part of the tuberosity of the 
ischium, and, running inwards, is inserted into the central tendinous point of 
the periiiieum, joining in this situation with the muscle of the opposite side, 
with the External sphinctc'r ani behind, and ^^■ith the Accelerator urinae in 
front. In some eases, the fibres of the deeper layer of the Sphincter ani 
decussate in front of the anus and are continued into this muscle. 
Occasionally it gives off fibres, which join with the Accelerator urinae of tlu^ 
same side. 

Nerve-supply, — It is supplied by the perineal branch of the internal pudic.. 

Actions. — The shnultaneous contractioji of the two muscles serves to fix tlui 
central tendinous point of the perinaeum. 

The Accelerator or Ejaculator urinae (m. bulbocavcrnosus) is placed in 
the middle line of the perinajum, in front of the anus. It consists of two 
symmetrical parts, united along the median line by a tendinous raphe. It 
arises from the central tf^ndon of the i)criiia)um and from the median raphe in 
front. Its fibres diverge like the plumes of a quill-pen ; the most posterior 
form a thin layer, wdiic-h is lost on the superficial surface of the triangular 
ligament ; the middle fibres encircle the bulb and adjacent parts of the corpus 
spongiosum, and join with the fibres of the opposite side, on the ux)pcr part 
of the corpus spongiosum, in a strong aponeurosis ; the anterior fibres, the 
'♦longest and most distinct, spread out over the side of the corpus cavernosum, 
to be inserted partly into that body, anterior to the Erector penis, occasion- 
ally extending to the pubis, and partly terminating in a tendinous expansion 
wdiich covers the dorsal vessels of the penis. TJie latter fibres are best seen 
by dividing tlie muscle longitudinally, and reflecting it outwards from the 
surface of the <!orpus spongiosum. 

Actions. — This muscle serves to empty the canal of the urethra, after the 
bladder has expelled its contents ; during the greater part of the act of micturition 
its fibres are relaxed, and it only comes into action at the end of the process. The 
middle fibres are supposed by Krause to assist in the erection of the corpus spongio- 
sum, by compressing the erectile tissue of the bulb. The anterior fibres, according 
to Tyrrel, also contribute to the erection of the penis by compressing the dorsal 
vein, as they are inserted into, and continuous with, the fascia of the penis. 

The Erector penis (m. ischiocavemosus) covers the crus penis. It is an 
elongated muscle, broader in the middle than at either extremity, and situated 
on either side of the lateral boundary of the perinajum. It arises by tendinous 
and fleshy fibres from the inner surface of the tuberosity of the ischium, 
behind the crus penis : and from the rami of the pubis and ischium on either 
side of the crus. From these points fleshy fibres succeed, and end in an 
aponeurosis which is inserted into the sides and under surface of the crus 
penis. 

Nerve-supply. — The Erector penis is supplied by the perineal branch of the 
internal pudic. * 

Action. — The Erector peuia compresses the crus penis, and retards the return 
of the blood through the veins, and thus serves to maintain the organ erect. 
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Between the muscles just examined a triangular space exists, bounded internally 
by the Accelerator urinse, externally by the Erector penis, and behind by the Trans-’ 
versus perinaei. The floor of this space is formed by the triangular ligament of 
the urethra (deep perineal fascia), and running from behind forwards in it are 
the superficial perineal vessels and nerves, and the long pudendal nerve. The 
transverse perineal artery courses along the posterior boundaiy of the space on 
the Transversus perinaei. 

ffl fif fjf urogenital region forms an investment for the 

Ck)mpres8or urethraj, but vdthin it lie also the deep vessels and nerves of 
this part, the whole forming a transverse septum which is known as the 


Fig. 515. — Muscles of male perinaeum. 



dlaphragrm urogeMitale. From its s]ia})e it is usually termed the triarigular 
ligamenU and it is stretclied almost horizontally across the pubic arch, so as to 
close in the front part of the outlet of the pelvis. It consists of two dense 
membranous laminae, which are united along their posterior borders, but are 
separated in front by intervening structures. The superficial of these two 

IrsTtpe^^Hfected fdiwards, and is separated from the subpubic ligament 
by an oval opening for the transmission of the dorsal vein of the penis. Its 
lateral margins are attached on either side to the rami of the jiubis and 
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ischium, above the crus penis. Its base is directed towards the rectum, and 
connected to the central tendinous point of the perinaeum. It is continuous 
v'ith the deep layer of the superficial fascia behind the Transversus perinaei 
muscle, and with a thin fascia which covers the under surface of the Levator 
ani muscle (aiml fascia) . 

This layer of thi* triangular ligament is perforated, about an inch below 
the symphysis pubis, by tlie urethra, the aperture for which is circular in 
form and about a quartcT of an incli in diameter ; by the arteries to the bulb 
and the ducts of Cowjic'r’s glands close to the uretliral orifice ; by the arteries 
to the corpora cavernosa — onc' on either side close to the pubic arch and about 
halfway along the attached margin of tJie ligament ; by the dorsal arteries 
and nerves of tjie penis near th(‘, apex of the ligament. Its base is also 
perforated by the superficial perineal vessels and nerves, while between its 
apex and the subpubic ligament the deep dorsal vein of the 2)enis passes 
upwards into the pelvis. 

If the sufjcrficial or inferior layer of the triangular ligament be detached 
on cither side, the following structures will be seen between it and the deep 
layer : the dorsal vein of the penis ; the membranous portion of the urethra, 
and the Corai)ressor urethra' muscle ; (V)wper’s glands and their ducts ; the 
pudic vessels and dorsal nerves of the penis ; the arteries and nerves of th(‘ 
bulb, and a plexus of veins. 

The deep or superior layer of the triangular ligament (fascia diaphragmatica 
urogenitalis superior) is cojitinuous with the obturator fas(;ia and stretches 
across tlu* jmbic arch. If the obturator fascia be traced inwards after leaving 
the Obturator internus muscle, it will be found attaclu'd by some of its 
deeper or anterior fibres to the inner margin of the ischio-pubict ramus, while 
its superficial or ijosterior fibres pass over this attachment to form the superioi* 
layer of the t riangular liganumt. Behind, this layer of the fascia is continuous 
with the inferior layer and with the fascia of Colh^s, and in front it is 
continuous with the fascial sheath of the prostate gland. 

Tlio Compressor urethra (m. constrictor urethrjc) surrounds the whoh^ 
length of th(^ membranous portion of the urethra, and is contained bet\M‘('n 
the two lay<^rs of the triangular ligament. It arises by aponeurotic fibres 
from the junction of the rami of the pubis and ischium, to the extent of 
half or threc-quai’tcrs of an inch : (‘ach segment of the muscle passes inwards, 
and divides into two fasciculi, which surround the urethra from the j)i'ostate 
gland behind to the bulbous portion of the urethra in front ; and unite, at 
the upper and lower surfaces of this tube, with the muscile of tlu' o2q)osite 
side, by means of a tendinous raphe. 

Nerve-supply. — The perineal branch of the internal })udic supplies tliis muscle. 

Actions. — The muscles of both sides act togetlnw as a si)hincter, compressing 
the membranous jiortion of the urethra. During the transmission of fluids they, 
like the Accelera tores uriufc, are relaxed, and only come into action at the end of 
the process to eject the last drops of the fluid. 

2. B. Muscles of the Ukooe.nital Region in the Female (fig. 516) 

Transversus perinaei. Erector clitoridis. 

Si)hincter vagina?. Compressor urethrae. 

The Transversus perinaei in tlie female is a narrow muscular slip, which 
])asscs more or less transversely across the back part of the perineal sfmee. 
It arises by a small tendon from the inner and fore jiart of the tuberosity of 
the ischium, and, passing inwards, is inserted into the central point of the 
periiueum, joining in this situation with the muscle of the opposite side, the 
External sphincter ani beliind, and the Sphincter vaginae in front. 

Nerve-supply.— This muscle is supplied by the perineal branch of the internal 
pudic. 

Action. — The simultaneous contraction of the two muscles serves to fix the 
central tendinous point of the perinooura. 

The Sphincter vaginae (m. bulbocavernosus) sifcounds the orifice of 
the vagina, and is homologous with the Accelerator urinse in the male. It 
covers the outer aspect of the vestibular bulbs, and is attached posteriorly 
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to the central tendinous point of the perineeum, where it blends with the 
External sphincter ani. Its fibres pass foi-wards on either side of the vagina, 
to be inserted into the corpora cavernosa of the clitoris, a fasciculus crossing 
over the body of the organ so as to compress the dorsal vein. 

Nerve-supply. — It is supplied by the perineal branch of the internal pudic. 

Actions. — The Sphincter vaginae diminishes the orifice of the vagina. The 
anterior fibres contribute to the erection of the clitoris, as they are inserted into 
and are continuous with the fascia of the clitoris, compressing the dorsal vein 
during the contraction of the muscle. 

ThQ Erector clitoridis (m. ischiocavernosus) corresponds witli the Erector 
penis in tlie male, but is smaller. It covers tlie unattached surface of the 
crus clitoridis. It is an elongated muscle, broader at the middle than at 
cither extremity, and situated on the side of th(^ lateral boundary of the 
perinanim. It arises by tendinous and fiesliy fibres from the inner surface 

Fig. 516. — ^Muscles of tho female pcrinjeuin. (Modified from a drawing by 

Peter Thompson.) 

niitoria 


Urethra 

Vaffina 


Sphincter ani extern ns 

of the tuberosity of the ischium, behind the crus clitoridis ; from the surface 
of the crus ; and from the adjacent portion of the ramus of the ischium. From 
these points fleshy fibres succeed, and end in an a})oneurosis, which is inserted 
into the sides and under surface of the crus clitoridis. 

Nerve-supply. — The perineal branch of the internal pudic supplies this muscle. 

Actions. — The Erector clitoridis compresses the crus clitoridis and retards the 
return of blood through the veins, and thus serves to maintain the organ erect. 

The triangular ligament in the female is not so strong as in the male. 
It is attached to the pubic arch, its apex being connected with the subpubic 
ligament. It is divided in the middle line by the aperture of the vagina, with 
the external coat of which it becomes blended, and in front of this is per- 
forated by the urethra. Its posterior border is continuous, as in the male, with 
the deep layer of the superficial fascia around the Transversus perinsei muscle. 

Like the triangular ligament in the male, it consists of two layers, between 
which are to be found the following structures : the dorsal vein of the clitoris* 
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a portion of the urethra and the Compressor urethrae musole, the glands* of 
Bartholin and their ducts : the pudic vessels and the dorsal nerves of the 
clitoris ; the arteries and nerves of the bulbi vestibuli, and a plexus of veins. 

The Compressor urethrae (m. constrictor urethrae) arises on either side 
from the margin of tlie descending ramus of the pubis. The fibres, passing 
inwards, divide into two sets : those of the fore part of the muscle are directed 
across the subpiibic arch in front pf the urethra to blend with the muscular 
fibres of ()he opposite side ; while those of the hinder and larger part pass 
inwards to blend with the wall of the vagina behind the urethra. 

Nerve-supply. — It is supplied by the perineal branch of the internal pudic. 


MUSCLES AND FASCLE OF THE UPPER EXTREMITY 

The muscles of the uppei* extremity are divisible into groups, corresponding 
with the different regions of the limb. 


I. Thoracic Region 

1. Anterior Thoracic Jiegion. 

Pectoralis major. Pec t oralis minor. 
Subclavius. 

2. Lateral Thoracic Region, 

Serratus magnus. 

II. Shoulder and Arm 

3. Acromial Region. 
Deltoid. 

4. Anterior Scapular Region. 

Subscapular is. 

5. Posterior Scapular Region. 

Supraspinatus. Teres minor. 

Infraspinatus. Teres major. 

6. Anterior Humeral Region. 

Coraco- brach iali s . Biceps . 

BrachiaJis anticus. 

7. Posterior Humeral Region. 

Triceps. Subaiieoneiis. 

III. Forearm 

8. Anterior Radio-ulnar Region. 

Pronator teres. 

„ Flexor carpi radialis. 

'S §1, Palmaris longus. 

Flexor c^arpi ulnaris. 

Flexor subJiniis digitoi um. 


/Flexor profundus digitorum. 

S ] Flexor longus pollicis. 

^ ^ i Pronatoi^ quadratus. 

9. Radial Region. 

Bmchio-radialis (Supinator longus). 
Extensor carpi radialis longior. 
Ext('nsor carpi radialis brevior. 

10. Posterior Radio-ulnar Region. 

.S . j Extensor communis digit orurn. 

S Extensor minimi digit i. 

^ s? I Extensor carpi ulnaris. 
j3 ^ ' Anconeus. 

^ I Supinator brevis. 

Ph ^ 1 Extensor ossis metac*ar])i pollicis. 
t ! Extensor brevis pollicis. 

^ j Extensor longus pollicis. 

' Extensor induus. 

IV. Hand 

11. Radial Region. 

Abductor pollicis. 

Opponens pollicis. 

Fl(*,xor brevis pollicis. 

Adductoi’ obliquus pollicis. 
Adductor transversus jiollicis. 

12. Ulnar Region. 

Palmaris brevis. 

Abductor minimi digiti. 

Flexor brevis niinimi digiti. 
'Opponens minimi digiti. 

13. Middle Palmar Region. 

Lu m bricales. Interossei palmares. 

Interossei dorsales. 


I. Mo.sclrs and F'asci.® of the Thoracic Region 
1. Anterior Thoracic Region 

Pectoralis major. Pectoralis minor. 

Subclavius. 

The superficial fascia of the anterior thoracic region is a loose cellulo- 
fibrous layer, enclosing masses of fat in its spaces. It is continuous with the 
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superficial fascia of the neck and upper extremity above, and of the abdomen 
below. Opposite the mamma it divides into two layers, one of which passes in 
front of, the other behind that gland ; from both layers nurnerous septa pass 
into the gland, supporting its various lobes : from the anterior layer, fibrous 
processes pass forwards to the integument and nipple. These processes were 
called by Sir A. Cooper the ligamenta suspensoria^ from the support they afford 
to the gland in this situation. 

The deep fascia of the anterior thoracic region (fascia pectoralis) is a thin 
lamina, covering the surface of the Pectoralis major, and sending numerous 
prolongations between its fasciculi : it is attached, in the middle line, to the 
front of the sternum ; above, to the clavicle ; externally and below' it becomes 
continuous w'itli the fascia over the shoulder, axilla, and thorax. It is very 
thin over the upper part of the Pectoralis major muscle, thicker in the interval 
between it and the Latissimus dorsi, wdiere it closes in the axillary space, 
and forms tiic faacia axillaris \ it divides at the outer margin of the latter 
muscle into two layers, one of which passes in front, and tlie other behind 
it ; these proceed as far as the spinous processes of the thoracic vertebrae, 
to wdiich they arc attached. As the fascia leaves the lower edge of the 
Pectoralis major to pass across tlic floor oi the axilla it sends a layer upwards 
under cover of tlu' muscle : this lamina splits to envelop the Pectoralia 
minor, at the upper edge of which it be comes (jontinuous with the costo- 
coracoid membranes The hollow of the armpit, seen when the arm is 
abducted, is produced mainly by th(^ traction of this fascia on the axillary 
floor, and lienee the lamina is somelinu's named th('. suspensory ligament of 
the axilla. At the low'eu* part of the thora(*ic region tlie deep fascia is w'ell 
developed, and is continuous with tlie fibrous sheaths of the Recti abdominis. 

Applied Anatomy . — In cases of suppuration in the axilla, the axillary fascia prevents 
fhe extension of the pus in a dow’nward direction, and so it lias a tendency to 
spread ujiwards, beneath the Pectoral muscles, towards the root of the neck. Early 
evacuation is therefore necessary. Ilie incision sliould be made midway between the 
anterior and posterior axillary folds, so as to avoid the long thoracic and subscapular 
v'cssels, and the edge of the knife should be directed away from the axillary vessels. 

The Pectoralis major (fig. 517) is a broad, thick, triangular muscle, 
situated at the upper and fore part of the eliest and in front of the axilla. 
It arises from the anterior surface of the sternal half of the clavieJe ; from 
half the breadth of the anterior surface of the sternum, as low dowm as the 
attachment of the cartilage of the sixth oj* se\ entli rib ; from the cartilages 
of all the true ribs, w’ith the exception, frequently, of the first, or seventh, 
or both, and from the aponeurosis of tlie External oblique muscle of the 
abdoimm. The fibres from this extensive origin converge towards their inser- 
tion, giving to the muscle a radiated appearance. Those fibres wdiich arise from 
tlie clavi(de pass obliquely outw ards and dowiiw'ards, and are usually separated 
from the rest by a slight interval : those from tlie lower j^art of the sternum, 
and the cartilages of the lower true ribs, run upw'ards and outwards ; while 
the middle fibres pass liorizontally. They all terminate in a flat tendon, 
about tw^o inches broad, which is inserted into the outer bicipital ridge of the 
humerus. This tendon consists of tw^o laminae, placed one in front of the other, 
^d usually blended together below\ The anterior lamina, the thicker, receives 
tlie clavicular and the upper fibres* of the sternal portion of the muscle ; its 
fibres are inserted in the same order as that in w hich they arise : that is to 
say, the outermost fibres of origin from the clavicle are inserted at the uppermost 
part of the bicipital l idgo ; tlie upper fibres of origin from the sternum pass 
down to the lowermost part of this anterior lamina of the tendon and extend 
as low as the tendon of the Deltoid and join with it. The posterior lamina 
of the tendon receives the attachment of the lower fibres of the sternal portion 
and the deeper part of the muscle from the costal cartilages. These deep 
fibres, and particularly those from the low^r costal cartilages, ascend the higher, 
turning backwards successively behind the superficial and upper ones, so 
that the tendon appears to be tw’^isted. The posterior lamina reaches higher 
on the humerus than the anterior one, and from it an expansion is given off 
which covers the bicipital groove and blends with the capsule of the shoulder- 
joint. From the deepest fibres of this lamina at its insertion an expansion 
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and protects the axillary vessels and nerves. Traced upwards, it splits to 
enclose the Subclavius muscle, and its two layers are attached to the clavicle, 
one in front of and the other behind the muscle ; the latter layer fuses with the 
deep cervical fascia and with the sheath of the axillary vessels. Internally, it 
blends with the fascia covering the first two intercostal spaces, and is attached 
also to the first rib internal to the origin of the Subclavius muscle. Externally, 
it is very thick and dense, and is attached to the coracoid process. The portion 
extending from the first rib to the coracoid process is often whiter and denser 
than the rest, and is sometimes called the coato-ccracoid ligament. Below 
this, it is thin, and at the upper border of the Pectoralis minor it splits into 
two layers to invest the muscle ; from the lower border of the Pectoralis minor 
it is continued downwards to join the axillary fascia, and outw^ards to join 


Fig. 518. — ^Muscles of tho chest and front of the arm, ^ith the boundaries 

of the axilla. 



the fascia over the short head of tlie Biceps. The costo-coracoid membrane 
is pieieed by the cephalic vein, acromio-thoracic aiteiy and vein, superior 
thoracic artery, and external anterior thoracic ner\ e. 

The Pectoralis minor (fig. 518) is a thin, flat, triangular muscle, situated 
at tho upper part of tho tliorax, beneath the Pectoralis major. It arises by 
three tendinous digitations, from the upxier margins and outer surfaces of 
the third, fourth, and fifth ribs, near their caitilages, and from the aponeuroses 
covering the Intercostal muscles ; the fibies pass upwards and outwards, 
and converge to form a flat tendon, which is inserted into the inner border 
and upper surface of the coracoid process of the scapula. 

Relations.-— By its anterior surface it is in relation with the Pectoralis major, the 
external anterior thoracic nerve, and the thoracic branches of the acromio-thoracic artery. 

mm2 
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Fig. 519. — Serratus 
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By its posterior awrface^ with the ribs, Intercostal muscles, Serratus magnus, the axillary 
space, and the axillary vessels and brachial plexus of nerves. It^Vpper border is separated 
from the clavicle by a narrow triangular interval which is occupied by the costo-coracoid 
membnme, behind which are the axillary vessels and nerves. Running parallel to the 
Im/oer border of the muscle is the long thoracic artery, and piercing the muscle is the 
mtemal anterior thoracic nerve. 

The Subclavius is a small triangular muscle, placed in the interval between 
the clavicle and the first rib. It arises by a short, thick tendon from the 
^ first rib and its cartilage at their junction, 

in front of the rhomboid ligament ; the 
fleshy fibres pro(!eed obliquely upwards 
and outwards, to be inserted into the 
groove on tiie under surface of the clavicle 
between the rhomboid and conoid liga- 
ments. 

Relations. — Its deep tf?Yr/acc is separated from 
the first rib by the subclavian vessels and brachial 
])1exi]s of nerves. Its anterior surface is sepa- 
rated from the I^ectoralis major by the costo- 
<;oracoid membrane, which, with the clavicle', 
forms an osseo-fibrous sheath in w hich the muscle 
is enclosed. 

Nerves. — The Pectoralis major is supplied 
by the external and internal anterior thoracic 
nerves ; through these nerves the muscle 
r(*ceives filaments from all the spinal nerv(‘s 
entering into the formation of the bracliial 
plexus ; tlie IN^ctoralis minor receives its 
fibres from the eighth cerviciil and first 
thoracic nerves through the internal antcu’ior 
thoracic nerves Th(‘ Subclavius is supplied 
by a filament derived from the fifth and 
sixth cervical nerves. 

Actions. — If the arm has bc(m raised by 
the Deltoid, tlie Pectoralis major wall, con- 
jointly with the Latissimus dorsi and Teres 
major, depress it to tll(^ side of the chest. 
If acting alone, it adducts and drawls for- 
w’ards the arm, bringing it across the front 
of the chest, and at tlio sann; time rotates 
it inwards. The Pectoralis minor depresses 
the point of the shoulder, draw ing the scapula 
do w 1 1 w' aids and inwards to the thorax, and 
throwing the inferior angle backwards. ' The 
Subclavius depresses the shoulder, drawing 
the clavicle do wm wards and forwards. When 
the arms are fixed, all three muscles act 
upon the ribs, drawing them upw^ards and 
expanding the chest, and thus becoming 
very important agents in forced inspiration. 
During an attack of asthma patients always assume an attitude which fixes the 
shoulders, so that all tliese, muscles may be brought into action to assist in dilating 
the cavity of the chest. 
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2. Lateral Thoracic Region . 

V ‘ Serratus t fflag nu^ 

‘ Tli« Serratus (m. serratus anterior) (fig. 519) is a thin, irregularly 
quadrilateral muscKrrSifuatcd between the ribs and the scapula at the upper 
and lateral part of the chest. It arises by fleshy digitations from the outer 
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«urfaces and upper t^orders of the upper eight or nine ribs, and from the 
aponeuroses eovering the intervening Intercostal muscles. Each digitation 
(except the first) arises from the corresponding rib ; the first digitation arises 
from the first and second ribs, and from the fascia covering the first intercostal 
space. Prom this extensive attachment the fibres pass backwards, closely 
applied to the chest-wall, and reach the vertebral border of the scapula, and 
are inserted into its ventral aspect in the following manner. The first digita- 
tion, arising from the first and second ribs, is inserted into a triangular area 
on the ventral surface of the superior angle. The next two digitationf? (i.e. 
from the second and third ribs) spread out to form a thin, triangular sheet, 
the base of whicli is directed backwards and is inserted into nearly the Avhole 
length of the ventral surface of t lie- vertebral border. The lower five or six 
digitations converge to form a fan-shaped mass, the apex of which is inserted, 
by. muscular and by tendinous fibres, into a triangular impression on the 
ventral surface of the inh^’ior angle. Tiio loww four slips interdigitate at 
tlieir origins with the upper five slips of the External oblique muscle of the 
abdomen. 

Relations. — This muscle is ])aTtly covered, in ront, by the Pectoral muscles and by the 
mammary gland ; behind, by Iho Siibscapiilaris. The axillarv vessels and norvos lie 
upon its up|)or part, w'hilc its deep surtaco rests u|*m tlie ribs and Intercostal muscles. 

Nerves. — TI k* Serratus magrnis is supplied by the iiostoiior thoracic nerve, 
which is doriv hI from the fifth, sixth, and seventh cervical nerves. 

Actions. — T he t jepratua magnus, as a whole, carries the scapula Lorvyu^ds, 
an^at the same time raises the vertchral border of the bone. It is therefore 
concerned in the action of pushing. Its low^er and stronger fibres move forwards 
the lowx'r angle and assist the Trapezius in rotating the hone at the sterno-clavicular 
joint, and thus assist this muscle in raising the acromion and supporting weights 
upon the shoulder. It is also an assistant to the 1 )eltoid in raising the arm, inasmuch 
as during the action of this Jatt(»r muscle it fix(*s tin* scapula and so steadies the 
glenoid cavity on wdiich the head of the humerus rotiites. Alter the Deltoid has 
raised the arm to a right angl(‘ with the trunk, the Serratus magnus and the 
Trapezius, bv rotating the scd})ula, raise the arm into an almost vertical position. 
It is possilde that when the shoulders are fixed the lower fibres of the Serratus 
magnus may assist in raising and everting the ribs ; but it is not the important 
inspiratory muscle it was formerly belie\ cd to 1)(*. 

Applied Anatomi /. — When the muscle is paralysed, the vertebral border, and especially 
the lower angle of the scapula, leave the ribs and stand out prominently on the surface, 
giving a ]Deculiar ‘ winged * ax)poaranc(* 1o the back (page 294). Tlie i)atient is unable 
to raise the arm, and an attempt to do so is followed by a further projection of the lower 
angle of tne scapula fi om the back of the thorax. 


IT. Mu.^cn.Es AND Fasci.^: of the Shouldeu and Arm 

The superficial fascia of the upper extremity is a thin fibro-ccllular 
layer, containing the superficial veins and lymphatics and tlic cutaneous nerves. 
It is most distinct in fi'ont of the elbow, where it eoiitains very large superficial 
veins and nerves ; in the* liaud it is liardly demonstrable, the integument 
being closely adherent to the deep fascia by dense fibrous bands. Subcutaneous 
bursae are found in this fascia over the acromion, the olecranon, and the knuckles. 

The deep fascia of the upper extremity comprises the fascia of the 
shoulder, arm, and forearm, the anterior and posterior annular ligaments 
of the carpus, and the palmar fascia. These wiU be considered in the 
description of the muscles of the several regions. 

3. Acromial Region 
Deltoid. 

The deep fascia covering the Deltoid invests the musde, and sends 
numerous prolongations between its fasciculi. In front it is continuous with 
the fascia covering the Pectoralis major ; behind, where it is thick and strong, 
with that covering the Infraspinatus ; above, it is attached to the clavicle* 
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th6 acromion, and the spine of the scapula ; below, it is continuous with the 
deep fascia of the arm. 

The Deltoid (m. deltoideus) (fig. 617) is a large, thick, triangular muscle, 
which gives the rounded outline to the shoulder, and has received its name froni 
its resemblance to the Greek letter A inverted. It covers the shoulder-joint in 
front, behind, and on the outer side. It arises from the anterior border and 
upper surface of the outer third of the clavicle ; from the outer margin and 
upper surface of the acromion process, and from the lower lip of the posterior 
border of the spine of the scapula, as far back as the triangular surface at 
its inner end. From this extensive origin the fibres converge towards then- 
insertion, the middle passing vertically, the anterior obliquely backwards and 
outwards, the posterior obliquely forwards and outwards ; they unite to form 
a thick tendon, which is inserted into a rough triangular prominence on the 
middle of the outer side of the shaft of the humerus. At its insertion the 
muscle gives off an expansion to the deep fascia of the arm. This muscle is 
remarkably coarse in texture, and the arrangement of its fibres is somewhat 
peculiar ; the central portion of the muscle — that is to say, the part arising 
from the acromion process — consists of oblique fibres ; these arise in a bipenni- 
form manner from the sides of tendinous intersections, generally four in 
number, which are attached above to the acromion process and pass downwards 
parallel to one another in the substance of the muscle. The oblique fibres 
thus formed are inserted into similar tendinous intersections, generally three 
in number, which pass upwards from the insertion of the muscle and 
alternate wdth the descending septa. The portions of the muscle which 
arise from the clavicle and spine of the scapula are not arranged in this 
manner, but pass from their origin above to be inserted into the margins of the 
inferior tendon. 

Relations. — The Deltoid is in relation by its superficial surface with the integument, 
the superficial and deep fascia, Platysma, and supra-acromial nerves. Its deep surface 
is separated from the capsule of the shoulder- joint by a large synovial bursa, and covers 
the coracoid process, coraco-acromial ligament, Pectoralis minor, Coraco-brachialis, both 
heads of the Biceps, the tendon of the Pecloralis major, the insertions of the Supra- 
spinatus, Infraspinatus, and Teres minor, the sca2>ular and external heads of the 
'IViceps, the circumflex vessels and nerve, and the upper part of the shaft of the humerus. 
Its arUerior border is separated at its up|)er part from the Poctoralis major by a cellular 
interspace, which lodges the cephalic vein and humeral branch of the acromio-thoracic 
artery : lower down the two muscles are in close contact. Its posteriiw border rests on 
the InfraspinatuB and Triceps muscles. 

Nerves. — The Deltoid is supplied by the fifth and sixth cervical through the 
circumflex nerve. 

Actions. — The Deltoid raises the arm directly from the side, so as to bring it 
at right angles with the trunk. Its ajiterior fibres, assisted by the Pectoralis 
major, draw the arm forwards ; and its posterior fibres, aided by the Teres major 
and Latissimus dorsi, draw it backw-ards. 

Applied Anatomy. — The Deltoid is very liable to atrophy, and in this condition dis- 
location of the shoulder-joint is simulated as there is flattening of the shoulder and apparent 
firominenco of the acromion process ; the distance also between the acromion process 
and the head of the bone is increased, and the tips of the Angers can be inserted between 
them. Atrophy of the Deltoid may bo due to disuse, such as follows chronic arthritis 
or i)ermanent injury of the shoulder- joint. It also frequently results from degenerations 
occurring in the spinal cord, or injury to the circumflex nerve (‘ crutch-palsy *). Tlie 
Deltoid and Spinati often escape in myopathic atrophies affecting the other muscles of 
the upper arm or shoulder in young persons. 

4. Anterior Scapular Region 
Subscapularis. 

The fascia subscapularis is a thin membrane attached to the entire 
circumference^ of the subscapular fossa, and affording attachment by its inner 
surface to some of the fibres of the Subscapularis muscle. 

The Suby ai l jlgil ari s (fig. 618) is a largo triangular muscle which fills up the 
Bubscapular tossfi;7’aflff arises from its internal two-thirds and from the lower 
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two- thirds of the groove on the axillary border of the bone. Some fibrdiai 
arise from tendinous laminae which intersect the muscle and are attached 
to ridges on the bone ; others from an aponeurosis, which separates the muscle 
from the Teres major and the long head of the Triceps. The fibres pass 
outwards, and, gradually converging, terminate in a tendon which is msCTt^ 
into the less ^ tjuberosi^ of the humerus and the front of the capsular uga- 
ment of the ffiouI3eiPI?3nl^^ ot the muscle is separated from the 

neck of the scapula and anterior part of the capsula-r ligament of the shoulder- 
joint by a large bursa, which communicates w ith the cavity of the joint by an 
aperture in the capsular ligament. 


Ftg. 520. — ^Muscles on the dorsum of the scapula and the Triceps, 



Nerves. — The Subscapularis is supplied by the fifth and sixth cervical nerves 
through the upper and lower subscapular nerves. 

Actions. — The Subscapularis rotates the head of the humerus inwards ; when 
the arm is raised, it draws the humerus forwards and downwards. It is a powerful 
defence to the front of the shoulder joint, preventing displacement of the head of 
the bone. 

5. Posterior Scaptdar Region (fig. 520) 

Supraspinatus. Teres minor. 

Infraspinatus. Teres major.* 

The fascia supraspinata completes the osseo-fibrous case in which the 
Supraspinatus muscle is contained ; it affords attachment, by its deep 
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surface, to some of the fibres of the muscle. It is thick internally, but thinner 
externally under the coraco-acromial ligament. 

The occupies the whole of the supraspinous fossa, arising 

from its mtefnal Fwo-thirds, and from the strong fascia 4^hich covers its 
surface. The muscular fibi*es converge to a tendon, which passes across the 
upper part of the capsular ligament of the shoulder- joint, to which it is 
intimately adherent, and is inserted into the highest 
^Ij^jo^y of " "" 

The fascia iiifraspihata is a dense fibrous membrane, covering in the 
Infraspinatus muscle and fixed to the ciieumfcrence of the infraspinous fossa ; 
it affords attachment, by its inner surface, to some fibres of that muscle. It 
is intimately attached to the deltoid fascia along the overlapping border of 
the Deltoid muscle. 

The Infra^l^P^ is a thick triangular muscle, which occupies the chief 
part of ttie infraspinous fossa, arising by fleshy fibres from its internal two- 
thirds ; and by tendinous fibres from the ridges on its surface : it also arises 
from a strong fascia which covers it externally, and separates it from the 
Teretes major et minor. The fibres converge to a tendon, which glides over 
tJie external border of the spine of the scapula, and, passing across the posterior 
part of the capsular ligament of the shoulder- joint, is inserted into ^ggiiddle 
impression on the great tuberosity of the humerus."* TIic tendon of tliis 
mti&clc is sometimes separated from the cajisulc of the shoulder-joint by a 
synovial bursa, which may communicate with the joint cavity. 

The i^^ a narrow, elongated muscle, which arises from the 

dorsal suriac^f the axillary border of tlie scapula for tlic upper two-thirds of 
its extent, and from two aponeurotic lamitiic, one of which separates it 
from the Infraspinatus, the othei* from the Teres major. Its fibres run 
obliquely upwards and outwards ; the upper ones terminate in a tendon 
which is inserted intp the lowest of the three impressions on the great tuberosity 
of the humerus ; " the lower fibres are inserted directly into the humerus 
immediately below this impression. The tendon of this muscle passes across, 
and is united witli, the posterior jiart of the capsular ligament of the shoulder- 
joint. 

The XffCS major is a thick but somevdiat flattened muscle, and arises 
from the ovaFarca bn the dorsal surface of the inferior angle of the scapula, 
and from the fibrous septa interposed between it and the Teres minor and 
Infraspinatus ; the fibres are directed upwards and outwards, and terminate 
in a flat tendon, about two inches in length, which is insertedJnto^tjhfi.i9^.c^ 
bicipital ridge of t he humerus. The tendon, at its insertion iiifcTllie Immerus, 

1 S belli nd that of tTie^Xlirlssimus dorsi, from which it is separated by a 
synovial bursa, the two tendons being, however, united along their lower 
borders for a short distance. 

Nerves. — The Supra- and Infra-spinatus muscles are supplied by the filth and 
sixth cervical nerves through the suprascapular nerve ; the TcrciS minor, by the 
fifth cervical, through the (fircumflex ; and the Teres major, by the fifth and sixth 
cervical, through the lower subscapular. 

Actions. — The Supraspinatus assists the Deltoid in raising tlie arm from the 
side, and fixes the head of the humerus in the glenoid cavity. The Infraspinatus 
and Teres minor rotate the hl^ad of the humerus fiutwards : they also assist in 
carrying the arm backwards. One of the most important uses of these three 
muscles is the great protection they afford to the shoulder-joint, the Supra- 
spiiiatus supporting it above, and preventing displacement of the head of the 
humerus upwards, w^hile the Infraspinatus and Teres minor protect it behind, 
and prevent dislocation backwards. I'he Teres major assists the Latissimus 
dorsi in drawing * the previously raised humerus downwards and backwards, 
and in rotating it inw^ards ; wdicn the arm is fixed it may assist the Pectorals 
and Latissimus dorsi in drawing the trunk forwards. 


6. Anterior Humeral Region (fig. 518) 

Coraco-bracdiialis. Biceps. Brachialis anticus. 

The deep fascia of the arm (fascia brachii)is continuous with that covering 
the Deltoid and the Pectoralis major, by means of which it is attached, above. 
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to the clavicle, acromion, and spine of the scapula ; it forms a thin, loose, 
membranous sheath investing the muscles of the arm, and sends inwards septa 
between them ; it is composed of fibres disposed in a circular or spiral direction, 
and connected toother by vertical and omique fibres. It differs in thickness 
at different parts, being thin over the Biceps, but thicker where it covers the 
Triceps, and over the condyles of the humerus : it is strengthened by fibrous 
aponeuroses, derived from the Pectoralis major and Latissimus dorsi on the 
inner side, and from the Deltoid externally. On either side it gives off a 
strong intermuscular septum, which is attached to the corresponding supra- 
condylar ridge and condyle of the humerus. These septa servo to separate 
tile muscles of the anterior from those of the posterior brachial region. The 
external intermuscular septum extends from the lower part of the anterior 
bicipital ridge, along the external supracondylar ridge, to the outer epicondyle ; 
it is blended with the tendon of the Deltoid, gives attachment to the Triceps 
behind, to the • Brachialis anticus, Bracliio-radialis and Extensor carpi 
radialis longior in front, and is perforated by the musculo-spiral nerve and 
superior profunda artery. The internal intermuscular septum^ thicker than 
the preceding, extends from the lower pai't of the posterior lip of the bicipital 
groove Ix'low the Teres major, along the internal supracondylar ridge to the 
inner epicjondyle ; it is blended with the teridon of the Coraco- brachialis, and 
affords attachment to the Triceps behind and the Brachialis anticus in front. 
It is perforated by the ulnar nerve, the inferior profunda artery, and the 
posterior braindi of the anastomotic artery. At the elbow, the deep fascia 
is attached to all the prominent points round the joint, viz. the epicondyles 
of the humerus and the olecranon process of the ulna, and is continuous with 
the deep fascia of the forearm. Just below the middle of the arm, on its inner 
side, in front of the internal intermuscular septum, is an oval opening in the 
deep fascia, which transmits the basilic vein and some lymphatic vessels. 

The CQri^O-bxa.(dlialiS| the smallest of the three muscles in this region, is 
situated at the upper and inner part of the ai*m. It arises by fleshy fibres 
from the apex of the coracoid process, in common with the short head of the 
Biceps, and from the intermuscular septum, b(^twoon the two muscles ; the 
fibres pass downwards, backwards, and a little outwards, ^^o^ be in§fii:.ted by 
means of a fiat tendon into, an imprc'ssion at the middle of tlie inner surface 
inteTnal border of the shaft of the liuiiierus between the origins of the 
TVicep.V and "Brachialis anticus. It is perforated by the musculo-cutaneous 
nerve. The inner border of the muscle forms a guide to the position of the 
terminal portion of the axillary and upper part of the brachial arteries. 

Relations. — The Coraco-bj'auhialLs is in relation by its anterior sur face, with tho Pectoralis 
major above, and at its insertion with the brachial vessels and median nerve which cross it; 
by its posterior surface, with the tendons of the Subscapularis, Latissimus dorsi, and Teres 
Diajor, the inner head of the Triceps, the humerus, and the anterior circjumflex vessels ; 
by its in7ier border, with the third part of the axillary and the upper part of the brachial 
artery and the median and musculo-eutaneous nerves ; by its outer border, with tho short 
head of the Biceps and Brachialis anticus. 

The Biceps (m. biceps bracliii) is a long fiisifonri muscle, occupying the 
anterior surface of the arm, and divided above into two portions or heads, 
from whi(ih circumstance it has received its nailie. The short head (caput 
breve) arises by a thick flattened tendon from t he apex of the coracoid process, 
in common with the Coraco-brachialis. The long head (caput longum) arises 
from the supraglenoid tubercle at the upper margin of the glenoid cavity, 
and is continuous with the glenoid ligament. This tendon arches over the 
head of the humerus, being enclosed in a special sheath of the synovial mem- 
brane of the shoulder- joint ; it then passes through an opening in the capsular 
ligament at its attachment to the humerus, and descends in the bicipital 
groove, in which it is retained by the transverse humeral ligament and by a 
fibrous prolongation from the tendon of the Pectoralis major. Each tendon 
is succeeded by an elongated muscular belly, and the two bellies, although 
closely applied to each other, can readily be separated until within about 
tliree inches of the elbow-joint. Here they end in a flattened tendon, which 
into the rough posterior portion of tli,e tuberosity 
a synovial bursa* being' the £end^ front part of 
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the tuberosity. As the tendon of the muscle approaches the radius it is 
twisted upon itself, so that its anterior surface becomes external and is applied 
to the tuberosity of the radius at its insertion. Opposite the bend of the 
elbow the tendon gives off, from its inner side, a broad aponeurosis, the 
bicipital fascia (semilunar fascia), which passes obliquely cfownwards and 
inwards across the brachial artery, and is continuous with the deep fascia 
covering the origins of tlio Flexor muscles of the forearm (fig. 517). 

A third head to the Biceps is occasionally found, arising at the upper and inner part 
of the Brachialis anticus with the fibres of which it is continuous, and inserted into the 
bicipital fascia and iimer side of the tendon of the Biceps. In most cases this additional 
slip passes behind the brachial artery in its course down the arm. In some instances the 
third head consists of two slips, which pass down, one in front of, the other behind the 
artery, concealing the vessel in the lower half of the arm. 

Relations. — Its anterior surface is overlapped above by the Pectoralis major and 
Deltoid ; in the rest of its extent it is covered by the suporiicial and deep fasciee and the 
integument. Its 'posterior surface rests above on the shoulder- joint and upper part of the 
humerus ; below, it lies on the Brachialis anticus, with the musculo-cutaneous nerve 
intervening bet^vecn the two, and on the Supinator brevis. Its inner border is in relation 
with the Coraco-brachialis, and overlaps Uie brachial vessels and median nerve ; its 
outer border, with the Deltoid and Brachio-radialis. 

The Brachialis anticus (m. brachialis) is a broad muscle, Avliich covers 
the elbow-joint and the lower half of the front of the humerus. It is some- 
what compressed from before backwards, and is broader in the middle than at 
either extremity. It arises from the lower half of the front of the humerus ; 
and commences above at the insertion of the Deltoid, which it embraces by 
tw^o angular processes. Its origin extends below to w'ithin an incli of the 
margin of the articular surface. It also arises from the intermuscular septa, but 
more extensively from the inner than the outer ; it is separated from the outer 
below by the Brachio-radialis and Extensor carpi radialis longior. Its fibres con- 
verge to a thick tendon, u hich is inserted into the tubercle of the ulna and the 
rough depression on the anterior surface of the coronoid process, being received 
into an interval betAveen two fleshy slips of the Fhjxor profundus digitorum. 

Relations. — The Brachialis anticus is in relation by its anterior surface with' the* Biceps, 
the brachial vessels, musculo-cutaneous and median nerves; by its posterior surface, 
with the humerus and front of the elboAv -joint ; by its inner border, with the Triceps, 
ulnar nerve, and Pronator teres, from which it is separated by the intermuscular septum ; 
by its outer border, "with the musculo -spiral nerve, radial recurrent artery, the Brachio- 
radialis. and Extensor carpi radialis longior. 

Nerves. — The muscles of this group arc supplied by the musculo-cutaneous nerve. 
The Brachialis anticus usually receives an additional filament from the miisculo- 
spiral. The (Vjraco-brachialis receives its supply primarily from the seventh 
cervical, the Biceps and Brachialis anticus from the fifth and sixth cervical nerves. 

Actions. — The Coraco-brachialis draws the humerus for>vards and inwards, 
and at the same time assists in retaining the head of the bone in contact with the 
glenoid cavity. The Biceps is a flexor of the elbow and, to a less extent, of the 
shoulder : it is also a poAverful supinator, and serves to render tense the deep 
fascia of the forearm by means of the bicipital fascia given ofE from its tendon. 
Tin*, Brachialis anticus is a flexor of the forearm, and forms an important defence 
to the clboAv-joint. When tin*, forearm is fixed, the Biceps and Brachialis anticus 
flex the arm upon the forearm, as is seen in efforts of climbing. 

Applied Anatomy. — The long tendon of the Biceps is sometimes dislocated from the 
bicipital groove. When this takes place, the arm becomes fixed in a position of abduction, 
blit the head of the humerus can be felt in its jiroper position. It can generally be replaced 
by flexing the forearm on the arm and rotating the limb. Rupture of the long tendon 
of the Biceps may also take place. 

7. Posterior Humeral Region 
Triceps. Subanconcus. 

ThqJ&yjgDg (m. triceps brachii) (fig. 520) is situated on the back of the 
arm, extenomg bhe entire length of the posterior surface of the humerus. It 
is of large size, and divided above into three parts, hence its name. These 
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three portions have been named (1) the middle, scapular, or long head ; (2) the 
^temal, or long humeral head ; and (3) the internal, or short humeral head, 
ihe external and internal heads arc separated by the musculo-spiral groove 
containing the musculo-spiral nerve and superior profunda vessels. 

The middle or scapular head (caput longum) arises by a flattened tendon 
from a rough triangular depression on the scapula, immediately below the 
^ glenoid cavity, being blended at its upper part with the capsular ligament ; 
the muscular fibres pass downwards between the two other portions of the 
muscle, and join with them in the tendon of insertion. 

The external head (caput latorale) arises from the posterior surface of the 
shaft of the humerus, between the insertion of the Teres minor and the upper 
/ part of the musculo-spiral groove and from the external border of the humerus 
and the external intermuscular septum ; the fibres from this origin converge 
towards the tendon of insertion. 

The internal head (caput mcdialc) arises from the posterior surface of the 
shaft of the humerus, below the musculo-spiral gioove : it is narrow and 
pointed above, and extends from the insertion of the Teres major to within 
an inch of the trochlear surface : it also arises from the internal border of the 
humerus and from the back ot the whole length of the internal and lower part 
of the external intermuscular septa. Some of the fibres arc directed down- 
TOrds to the olecranon, while others convcige to the tendon of insertion. 

TJie tendon of the Triceps commences about the middle of the back part 
of the musc'le : it consists of two aponeurotic laminoB, one of which is sub- 
cutaneous and covers the posterior surface of the muscle for tlie lower half 
of its extent ; the other is njorc deeply seated in the substance of the muscle. 
After receiving the attachment of the muscular fibres, they join together 
above the elbo\\', and are inserted, for the most part, into the posterior portion 
siirfacevdit tlie olecranon process ; a band of fibres is, however, 
continued downwards, on the outer side, over the Anconeus, to blend with 
the deep fascia of the forearm. 

The long head of the Triceps descends between the Teres minor and Teres 
niajor, dividing the triangular space between these two muscles and the humerus 
into two smaller spaces, one triangular, the other quadrangular (fig. 520). The 
trianguhar space contains the dorsalis scapulae vessels ; it is bounded by the 
Teres minor above, the Teres niajor below, and the scapular head of the Triceps 
externally. The quadrangular space transmits the posterior circumflex vessels 
and the circumflex nerve ; it is bounded by the Teres minor above, the Teres major 
bclow', the scapular head of the Triceps internally, and the humerus externally. 

The Subanconeus is tlio name given to a few fibres from the under surface 
of the lower part of the Triceps muscle, which are inserted into the posterior 
ligament and synovial membrane of the elbow-joint. By some authors it is 
regarded as the homotype of the Suberureus in the lower limb, but it is not a 
separate muscle. 

Nerves. The Triceps is supplied by the seventh and eighth cervical nerves 
through the musculo-spiral nerve. 

Actions. — The. Triceps is the great extensor muscle of the forearm, serving, 
w^heu the forearm is flexed, to extend the elbow-joint. It is the direct antagonist 
of the Biceps and Brachialis antieus. When the arm is extended, the long head 
of the muscle may assist the Teres major and Latissimus dorsi in drawing the 
humerus backwards and in adducting it to the thorax. The long head protects 
the under part of the shoulder- joint, and prevents displacement of the head of 
the humerus downwrards and backwards. The Subaiiconeus draws up the synovial 
membrane of the elbow-joint during extension of the forearm. 

Applied Anutomy.— -The existence of the strong insertion from the Triceps into the 
fascia of the forearm is of importance in excision of the elbow ; it should always bo 
preserved from injury by the operator. By means of these fibres the patient is 
enabled to extend the forearm, a movement which would otherwise mainly be accomplished 
by gravity — that is to say, by allowing the forearm to drop from its own weight. 

III. Muscles and FAsciiB of the Fobeabm 

deep fascia of the forearm (fascia antibrachii), continuous above with 
that enclosing the arm^ is a dense, highly glistening membranous investment, 
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which forms a general sheath enclosing the muscles in this region ; it is attached^ 
behind, to the olecranon and posterior border of the ulna, and gives off from 
its deep surface numerous intermuscular septa, which enclose each muscle 
separately. In front it is continuous with the anterior annular ligament of 
the wrist, and forms a sheath for the tendon of the Palniaris longus muscle 
which passes over the annular ligament to be inserted into the palmar fascia. 
Behind, near the wrist-joint, it becomes much thickened by the addition of 
many transverse fibres, and forms the posterior annular ligament. It consists 
of ciivular and oblique fibres, connected togetlier by numerous vertical fibres. 
It is much thicker on the posterior than on the anterior surface, and at the 
lower than at the upj)er part of the forearm, and is strengthened above by 
tendinous fibres derived from the Biceps in front, and from the Triceps behind.^ 
Its d(H'p surface gives origin to muscular fibres, especially at the upper part"* 
of the inner and outer side's of ilui fonuirm, and forms tlu* boundari('S of a 
series of eon(?-shaped cavities, in which the inusc.h's are contained. Besides 
the vertical s('])ta sef)arating the individual mus(^l(*s, transverse septa are given 
off both on lh(* antxirior and j)osterior surfa(*('s of the forearm, s(*parating the 
deej) from the superficial layers of muscles. Numerous api'rtunis exist in tlie 
fasetia for the jiassagc of v('hs(^1s and nerves ; one of these, of large size, situated 
at the front of the elbow, serves tor the passage of a communicating branch 
b<'itwecn the superficial and d<H‘p veins. Near tlie wrist, it is perforated on its 
antcj’ior surface by the ulnar art('ry and nerve. 

The muscles of the forearm may be subdivided into groups corresponding 
to the regions they occupy. One grouj) occupies the iniUT and anterior aspect 
of th(' forearm, and c()m})ris(*s the Flexor and Pronator muscles. Another 
group occupies its out('r sid(‘ ; and a third its posterior aspect. Th(^ two 
latter groups iiK'lude all tlu* Extensor and iSupinator muscles. 

8. Anterior Hadio-ulnar Region 

The muscles in this region are divided for convenience of description into 
two grou])S or layei’s, superficial and deep. 

Superficial Layer (fig. 521) 

Pronator teres. Palmaris longus. 

Flexor carpi radialis. Flexor carjn ulnaris. 

Flexoi* subliinis digitorum. 

These muscles take origin from the internal c'picondyle of the humerus 
by a common tendon ; they recH'ive {idditional fibn^s from the deep fascia of 
the forearm near the (dhow, and from the septa which ])ass inwards from this 
fas(ua between the individual muscles. 

The Pronator teres has two heads of origin. One (caimt liumerale), the 
larger and more suj)erlieial, arises from the humerus, immediately above the 
internal epicondyle, and from the tendon common to the origin of the other 
muscles ; also fnun the* fascia of the forearm, and intermuscular septum 
between it and the Flexor carpi radialis. The deep head (caput ulnare) is 
a thin fasciculus, which arises from the inner side of the coronoid process 
of the ulna, and joins the preceding at an acute angle. The median nerve 
enters the forearm betwcu'ii the two heads of the muscle, and is separated 
from the ulnar artery by the deep head. The muscle passes obliquely across 
the forearm, and terminates in a flat tendon, which turns over the outer 
margin of the radius, and is inserted into a rough impression at the middle 
of the outer surface of the shaft of that bone. The outer border of the 
muscle forma the inner boundary of a triangular space (antecuhital fossa) 
situated in front of the elbow-joint and containing the brachial artery, 
median nerve, and tendon of the Biceps. 

Applied Anatomy . — This muscle, when suddenly brought into very active use, as in 
the game of fawn tennis, is apt to be strained, producing slight swelling, tenderness, and 
pain on putting the muscle into action. This is known as * lawn<tonnis arm.’ 

The Flexor carpi radialis lies on the inner side of the preceding muscle. 
It arises from the internal epicondyle by the common tendon ; from the fascia 
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I'to. 521. — F'ront of tlie left fore- 
arm. Superficial muscles. 


of the forearm ; and from the intermuscular septa between it and the Pronator 
teres externally, the Palmaris longus internall 3 % and the Flexor sublimis 
digitorum beneath. Slender and aponeurotic in structure at its commence- 
ment, it increases in size, and terminates in a tendon, which forms rather 
more than the lower half of its length. This tendon passes through a canal 
in the outer part of the annular ligament, rvins tm*ough a groove in the 
trapezium (which is converted into a canal by 
a fibrous slujath, and lined by a synovial mem- 
brane), and is inserted into the base of the 
metacarpal bone of the index finger, and by a 
slip into ih(5 base of the metacarpal bone of the 
middle; finge^r. The radial artery, in the lower 
part of the forearm, li(»s be;tAveen the tendon of 
this muscle and the Braehio-radialis, and ma^^ 
easilv'^ be. tied in this situation. 

The Palmaris longus is a slend('r, fusiform 
muscle. Ijnng on the inner side of the pniceding. 

It arises from the inner (‘pi(;on(lvle of the 
humerus by the common tendon, from the dcc;]> 
fascia, and the intermuscular septa betwee^n it 
and tlie adjacent musel(‘s. It t(Tminat(‘s ’n a 
slender, flattem^d tendon, Inch passes over the 
ujjper part of tlie annular ligament, to end in tlu; 

(rimlral part of tin*, palmar fascia and lower part 
of tlu; annular ligament, frequently sending a 
tendinous slip to the short muscles of the tliumb. 

This muscle is often absent, and is subjecjt to 
very considerabh^ variations : it may be ten- 
dinous above and muscular below ; or it may 
be muscular in the centre with a tendon above 
and below ; or it may present two muscular 
bundle's with a central tendon; or finally it 
may consist solel}’^ of a tendinous band. Just 
above the wrist, the iiK'dian ne*rve lies closi' 
to the tendon, on its outer and jioste'iior 
aspects. 

The Flexor carpi ulnaris lies along the 
ulnar side of the foreiarm. It arises by two 
heads, connected by a tendinous arch, beneath 
which pass the ulnar nerve and posterior ulnar 
recun'ent artery. Om; head (caput humeralo) 
arises from the inner epicond\de of the huim'rus 
hv the common tendon : the other (caj)ut 
ulnare) from the inner margin of the olecranon 
and from the upper two-thirds of the jiosterior 
border of the ulna by an aponeurosis, common 
to it and the Extensor carpi ulnaris and Flexor 
profundus digitorum ; and from the inter- 
muscular septum between it and the Flexor 
sublimis digitorum. The fibres terminate in a 
tendon, Avhich oc^cuj^ics the anterior part of the 
lower half of the muscle, and is inserted into 
the pisiform bone, and is prolonged from this 
to the unciform and fifth metacarpal bones 
by the piso-unciform and piso-metaearpal liga- 
ments ; it is also attached by a few fibres to 
the annular ligament. The ulnar vessels and nerve lie on the outer side of 
the tendon of this muscle, in the lower two-thirds of the forearm ; the tendon 
forming a guide in tyin^ the artery in this situation. 

The Flexor sublimis digitorum (m. flexor digitorum sublimis) is placed 
beneath the Flexor carpi ulnaris ; it is the largest of the muscles of the 
superficial layer, and arises by three heads. One head (caput humerale) 
arises from the internal epicondyle of the humerus by the common tendon, 




6i2 


MYOLOGY 


Fig. 622. — ^Front of the left forearm. 
Deep muBolefl. 



from the internal lateral ligament 
of the elbow*joint, and from the 
intermuscular septa between it 
and the preceding muscles. The 
second head (caput ulnaro) arises 
from the inner side of the coro- 
noid process of the ulna, above 
the ulnar origin of the Pronator 
teres (see fig. 358, page 302). 
The third head (caput radiale) 
arises from the oblique line of 
the radius, extending from the 
bicipital tuberosity to the in- 
sertion of the Pronator teres. The 
fibres pass vertically doAvn weirds, 
forming a broad and thick 
muscle, wJiicli speedily separates 
into two planes of m use 'ular fibres, 
superficial and deep : the super- 
ficial plane divides into two parts 
which end in tendons for the 
middle and ring fingers ; the deep 
plane gives off a muscular slip to 
join the part of the superficial 
plane which is associated with the 
tendon of the ring finger, and 
then divides into two parts, 
which end in tendons for the 
index and little fingers. As tlie 
four tendons thus formed pass 
beneath the annular ligament 
into the palm of the hand, they 
arc arianged in pairs, the super- 
ficial pair corresponding to the 
middle and ring fingers, tlie deep 
pair to the index and little fingers. 
The tendons diverge from one 
another as they run onwards, 
and form ]>osterior relations to 
the superficial palmar arch and 
digital branches of the median 
and ulnar nerves. Opposite the 
bases of the first jDhalanges eacli 
tendon divides into two slips, to 
allow of the passage of the corre- 
sponding tendon of the Flexor 
j)rofundus digitorum ; the two 
portions of the tendon then unite 
and form a grooved channel for 
the reception of the accompany- 
ing deep Flexor tendon. Finally 
they subdivide a second time, to 
be inserted into the sides ot the 
second phalanges about their 
middle. After leaving the palm, 
these tendons, accompanied by 
the deep Flexor tendons, lie in 
osseo-aponeurotic canals (fig. 522). 
The canals are completed by 
strong fibrous sheaths, which 
arch across the tendons, and 
are attached on each side to 
the margins of the phalanges. 
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Opposite the middle of the proximal and second phalanges the sheaths 
are very strong, and the fibres pass transversely ; but opposite the joints 
they are much thinner, and the fibres are directed obliquely. Each 
sheath is lined by a synovial membrane, which is reflected on the contained 
tendons. 


Deep Layer (fig. 522) 

Flexor profundus digitorum. Flexor longus pollicis. 

Pronator quadratus. 

The Flexor profundus digitorum (m. flexor digitorum profuiidub) is 
situated on the ulnar side of the forearm, immediately beneath the superficial 
Flexors. It arises from the ujjper tliree-fout tlis of the anterior and inner surfaces 
of the shaft of the ulna, embracing the insertion of the Braehialis anticus above, 
and extending bekm , to within a short distance of the Pronator quadratus. It 
also arises from a depression on the inner side of the coronoid process ; by an 
aponeurosis from the upper three-fourths of the posterior border of tlie ulna, in 
common with tlie Flexor and Extensor carpi ulnaris; and from the ulnar half of 
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the interosseous membrane. The fibres form a fleshy belly of considerable size, 
which divides into four tendons : these run under the annular ligament beneatli 
the tendons of the Flexor sublimis digitorum. Opposite the first phalanges, 
the tendons pass through the openings in the tendons of tlie Flexor sublimis 
digitorum. and are finaUy inserted into the bases of the last phalanges. Tlie 
portion of the muscle for the index finger is usually distinct throughout, but 
the tendons for the three inner fingers arc connected together by cellular 
tissue and tendinous siips, as far as the palm of the hand. The tendons of 
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this muscle and those of the Plexor subUmis digitorum^ while contained in the 
osseo-aponeurotic canals of the fingers, are invested in synovial sheaths, 
and are connected to each other, and to the phalanges, by slender, tendinous 
filaments, called viwnla acctssoria (fig. 523). There are two sets of these : 
(a) the ligamenta brevia, which are two in number in each finger, and consist 
of triangular bands of fibres connecting the tendon of the Flexor sublimis 
digitorum to the front of the first interphalangeal joint and head of the first 
piialanx7 aftd:^^ -tendon of -the Flexor profundus digitorum to the front of 
the second interphalangeal joint and head of the second phalanx ; (b) the 
ligamenta longay which connect the under surfaces of the tendons of the Flexor 
profundus digitorum to those of the subjacent Flexor sublimis after the tendons 
of the former have passed through the latter. The ligamenta brevia of the 
deep Flexor tendons consist largely of yellow elastic tissue, and may assist in 
drawing down the tendons after flexion of the finger. 

Four small muscles, the Lumbricales, are connected with the tendons of 
the Flexor profundus in the palm. They will be described with the muscles 
of the hand. 

The Flexor long'US pollicis (m. flexor ix)llicis longus) is situated on the 
radial side of the forearm, lying in the same plane as the preceding. It arises 
from the grooved anterior sujfacic of the shaft of the radius, extending 
from immediately below the tuberosity and oblique line, to within a short 
distance of the Pronator quadratus. It also arises from tlie adjacent part of 
the interosseous membrane, and generally by a fleshy slip from the inner 
border of the coronoid process, or from the internal condyle of the humerus. 
The fibres proceed downwards, and terminate in a flattened tendon, which 
passes beneath the annular ligament, is then lodged in the interspace between 
the outer head of the Flexor brevis pollicis and the Adductor obliquus pollicis, 
and, entering an osseo-aponeurotic canal similar to those for tlic other Flexor 
tendons, is inserted into the base of the last phalanx of the thumb. The 
anterior interosseous nerve and vessels pass downwards on the front of 
the interosseous membrane between the Flexor longus pollicis and Flexor 
profundus digitorum. 

The Pronator quadratus is a small, flat, quadrilateral muscle, extending 
transversely across the front of the radius and ulna, above their carpal 
extremities. It arises from the pronator ridge on tlie lower part of the anterior 
surfiice of the shaft of tJie ulna ; from the inner part of the anterior surfaces 
of the lower fourth of the ulna ; and from a strong aponeurosis which covers 
the inner tliird of the muscle. The libres pass outwards and slightly down- 
wards, to be inserted into the lower fourth of the outer border and th(5 anterior 
surface of the shaft ot the radius. The deeper fibres ot the muscle are inserted 
into the triangular area above* the sigmoid cavity of the radius — an attach- 
ment comparable with the origin of the Supinator brevis from the triangular 
area below' the lesser sigmoid cavity of the ulna. 

Nerves. — All the muscles of the superficial layer are supplied by the median 
nerve, excepting the Flexor carpi ulriaris, which is supplied by the ulnar. The 
Pronator teres, the Flexor carj)i radialis, and the Palmaris longus derive their 
supply primarily from the sixth cervical ; the Fl(*xor sublimis digitorum from 
the seventh and eighth cervical and first thoracic, and the Flexor carpi ulnaris 
from the eighth cervical and first thoracic nerves. Of the deep layer, the Flexor 
profundus digitorum is supplied by the eighth cervical and first thoracic through the 
ulnar, and anterior interosseous branch of the median. Tlie remaining two muscles, 
Flexor longus pollicis and Pronator quadratus, are also supplied by the eighth 
cervical and first thoracic tlirough the anterior interosseous branch of the 
median. 

Actions. — These muscles act upon the*, forearm, the wrist, and hand. The 
Pronator teres helps to rotate the radius upon the ulna, rendering the hand 
prone ; wdien the radius is fixed, it assists the other muscles in flexing the forearm. 
whe Flexor carpi radialis is one of the flexors of the wrist ; when acting alone, it 
^exes the wrist, inclining it to the radial side. It can also assist in pronating the 
forearm and hand, and, by continuing its action, in bending the elbow. The 
Flexor carpi ulnaris is one of the flexors of the wrist ; when acting alone, it flexes 
the wrist, inclining it to the ulnar side ; and by continuing to contract, it beneft 
the elbow. The Palmaris longus is a tensor of the palmar fascia. It also assistn^:. 
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in flexing tlio wrist and elbow. The Flexor sublimis digitorum flexes first the 
middle, and then the pro^mal phalanges. It assists in flexing the wrist and elbow. 
The Flexor profundus digitorum is one of the flexors of the phalanges. After the 
Flexor subhnis has bent the second phalanx, the Flexor profundus flexes the 
terminal one ; but it cannot do so until after the contraction of the superficial 
muscle. It also assists in flexing the wrist. The Flexor longus pollicis is a flexor 
of the phalanges of the thumb ; when the thumb is fixed, it also assists in flexing 
the wrist. The Pronator quadratus helps to rotate the radius upon the ulna, 
rendering the hand prone. 


9. Radial Region (figs. 520, 522) 

Braohio-radialis (Supinator longus). Extensor carpi radialis longior.. 

Extensor carpi radialis brevioi*. 

The Brachio-radialis (Supinator longus) is the most superficial muscle 
on the radial side of llie forearm : it is fleshy for the upper two-thirds of its 
extent, tendinous Ixdow. It arises from the upper two- thirds of the external 
supracondylar ridges of the humei*us, and from the external intermuscular 
se 7 )tum, being limited abovti by the mustuilo- spiral groove. Interposed 
between it and the Braehialis autiems are tlic rnuseulo-spiial nervci and the 
anastomosis betueen the anterior branch of the superior profunda artery 
and the radial rc'eiirront. The fibres teiininatc above the middle of the fore- 
arm in a' Hat temdon, which is inserted into the outer side of the base of the 
styloid proc'css of the radius. 'Die tendon is crossed near its insertion by the 
tendons of the ExtcMisor ossis met aearjii pollicis and Kxtensor brevis pollicis ; 
on its ulnar side is tlu^ radial artery. 

The Extensor carpi radialis long^ior (m. extensor earpi radialis longus) 
is placed partly beneath the pn^ceding museh\ It arises from the lower 
third of the external siij)racoiidylar ridge of the liumcrus, from the exU*rnal 
intermuscular septum, and by a few fibres from the eoinmon tcuidoji of origin 
of the Extensor niusel(*s of tlie fort‘arm. Tlu'* filnes terminate at the upper 
third of tlie forearm in a flat tendon, which runs along th(‘ outer border of 
the radius, beneath tJie Extensor tendons of the thumb ; it then passes beneatJi 
the posterior annular ligament of the wrist, where it lies in a groove on the 
buck of the radius common to it and tin* Exttuisor earpi radialis brevior, 
immediately behind the styloid prex^ess. It is inserted into the posterior 
sin-fnce of the bas(^ of tin*, metacarpal bone of the index fingtu*, on its radial 
side. 

The Extensor carpi radialis brevior (m. extensor carpi radialis brevis) 
is shorter, as its iiann^ implies, and thicker tlian tin* preceding muscle, 
bcrn'atli which it is ])laeed. It arises from tln^ external epieondyJe of the 
iumierus, by a tendon common to it and the tln’co following musek‘s ; from 
the external latei’al ligam<‘nt of the el boAv- joint; from a strong aponeurosis 
\wliich covers, its surface ; and from the ijitcrmuscular septa between it and 
the adjacent muscles. The fibres terminate about the middle of the forearm 
in a fiat tendon,* which is closely connected uith that of the [uoceding muscle, 
and accompanies it to the wrist ; it passes beneath tln^ Extensor tendons of 
the thumb, then beneath the annular ligament, and, diverging somewhat 
from its fellow, is inserted into the posterior surface of the base of the meta- 
carpal bohe of the middle finger, on its radial side. Under the posterior 
annular ligament of the wrist tlie tendon lies on the back of the radius in a 
shallow groove, to the ulnar side of the groove w hich lodges tlie tendon of 
the Extensor carpi radialis longior, and separated from it by a faint 
ridge. 

The tendons of the two preceding muscles pass through the same com- 
partment of the annular ligament, and are lubricated by a single synovial 
membrane. 


10. Posterior Radio-Ulnar Region (fig. 524) 


The muscles in this region are divided for purposes of description into two 
>ups or layers, superficial and deep. 
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Superficial Layer 

Extensor corninunis digitorum. 

Extensor minimi digiti. • 

Extensor carpi ulnaris. 

Anconeus. 

The Extensor communis 
digitorum (m. extensor digi- 
torurn communis) is situated at 
the back part of the forearm. 
It arises from the external epi- 
(jondyle of tlie humerus, by (ho 
eorainon tendon ; from tlie deep 
fascia, and the intermuscular 
septa between it and the ad- 
jacent muscles. It divides below 
into four tendons, whicli j)ass, 

< together Avith that of tlie Ex- 
tensor indicis, tJirougli asejmrate 
compartment of the annular liga- 
ment, lubricated by a synovial 
membrane. The tendons then 
di\'erge, and, after passing across 
the back of the hand, arc in- 
serted into the second and third 
yihaJanges of th(‘ lingers in the fol- 
lowing manner. OiJiiosite the meta - 
earpo - phalangeal articulation 
each tendon is bound by fasciculi 
to the lateral ligaments and serves 
as the posterior ligament ; after 
ha ving passed the joint, it spreads 
out into a broad aponeurosis, 
which (‘overs the dorsal surface*, 
of the first phalanx and is le- 
inforced, in this situation, fiy tlu* 
tendons of tlie Interossei and 
Lum bricales. Opposite the fiivst 
intcrphalangeal joint this apo- 
neurosis divides into three slips, 
a middle and t-Avo lateral : the 
former is inserted into the base 
of the second jihalanx ; and the 
two lateral, Avhich are continued 
()nA\ards along the sides of the 
second phalanx, unite by their 
contiguous margins, and are in- 
sertccl into the dorsal surface of 
the last phalanx. As the tendons 
ci'oss the intcrphalangeal joints, 
they furnish them Avith posterior 
ligaments. The tendon to the 
index finger is accompanied by 
the Extensor indicis, Avhich lies 
on its inner side. On the back 
of the hand, the three inner 
tendons — those to the middle, 
ring, and little fingers — are con- 
nected by two obliquely placed 
bands, one from the third tendon 
passing doAvnwaids and out- 
wards to the second tendon,,^ 
and the other passing from the " 
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same tendon downwards and inwards to the fourth. Occasionally the first 
tendon is connected to the second by a thin transverse band. 

The Extensor minimi di^iti (m. ext^sor^digll^4^^ is a slender 

muscle placed on the inner side of the Extensor communis, with which it is 
generally connected. It arises from the common Extensor tendon by a thin 
tendinous slip ; and from the inter- 
muscular septa between it and Ftg. .525. — Supinator brevis. (From a prepara- 
the adjacent muscles. Its tendon tion in the Museum of the Royal College of 
runs through a separate com- Surgeons of Kngland.) 
partment in the annular liga- 
ment behind the inferior radio- 
ulnar joint, then divides into two 
as it crosses the hand, and is 
finally inserted into the expansion 
of the Extensor tendon on the < 
dorsum of the first phalanx of the 
little fing(M*. 

The Extensor carpi ulnaris 

is the most superficial muscle on 
the ulnar side of th(‘ forearm. 

It aristas from the external epi- 
condyle of the humerus, by the 
common tendon ; by an a])o- 
lUMirosis from the posterior bor- 
d(*r of the ulna in common with 
the Flex(»r carpi ulnaris and the 
Flexor profundus digitorum ; and 
from the de('p fas(‘ia of the foi‘e- 
arm. This muscle terminates in 
a tendon, which i‘uns through a 
groove behind the styloid pi'oeess 
of the ulna, passing through a 
separate compartment in the an- 
nular ligament, and is inserted into 
the prominent tubercle on tli(‘ 
ulnar side of the bas(‘ of the 
ni(*t.*u*arj)al bone of tlie little 
ting(*r. 

TJie Anconeus is a small tri- 
angular muscle, plact'd on t lie back 
of the (»lbo\\ -joint , a-rid appeals 
to be a eontinuatiim of tlu' (*x- 
terual portion of tJie Tricefjs. It 
arises by a sejiarate tendon from 
tlie back part of the external epieondyle of tlie humerus, and is inserted into 
the side of the olecranon, and ujiper fourth of tlu' posterior surface of the shaft 
of the ulna ; its fibres diverge from tlieir origin, the u])[)er ones being directed 
transversely, the lower obliquely inwards. 

J)ccp Layer (tigs. 525. 52()) 

Supinator brevis. Extensor brevis pollieis. 

Extensor ossis metaearpi pollieis. Extensor longus pollieis. 

Extensor indicis. 

The Supinator brevis (m. supinator) (fig. 525) is a broad muscle, of a 
hollow cylindrical form, curved round the upper third of tlie radius. It 
consists of two distinct planers of muscular tibios, between which the posterior 
interosseous nerve lies. The two planes arise in common, the superficial 
one by tendinous, and tlu^ deejier by muscular fibres : from the external 
epieondyle of the humerus ; from the external lateral ligament of the elhow- 
^iomt, and the orbicular ligament ; from the ridge on the ulna, which runs 
obliquely downwards from the posterior extremit}^ of the lesser sigmoid cavity ; 
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from the triangular depression below that cavity ; and from a tendinous 
expansion wliich covers the surface of the muscle. The superficial fibres 

surround the upper part of the 
Fig. 526. — Posterior surface of the forearm. radius, and are inserted into 
Deep muscles. the outer edge of the bicipital 

tuberosity and the oblique 


% 



line of the radius, as low down 
as the insert ion of the Pronat or 
teres. The upper fibres of the 
deeper ])lane form a sling-like 
fasciculus, whieli encircles the 
neck of the radius above tlie 
tuberosity and is attaeJu'd to 
the back part of its inner sur- 
face' : the greater part of this 
portion of the inuside is inserted 
into the posterior and external 
sui'faee of th(‘ shaft, midway 
betweem the oblique line and 
the iiead of the bone. 

Tlie Extensor ossis meta- 
carpi pollicis (in. abductor 
nollieis loi miis) is the most i*x- 
rernal and ilie largest of tin* 
detq) Extensor muscles ; it lies 
imiiu‘diat(‘ly b(‘lowtiie Supina- 
tor brevis, with which it is sonu*- 
times united. It arises from 
the outer part of the postc’iioi* 
surfae(‘ of the sliaft of tin* ulna 
l>el()\\ tlM‘ insej’tion of the 
Anconeus, from the inteross(‘- 
ous membrane, and from the 
middle* third of tlui posterior 
sinfaec^ of llie shaft of tin* 
radius. Passing obliquely 
downwards and outwards, it 
terminates in a tendon, which 
runs tluough a groove on tlui 
out(T sidi* of the* lower (*nd of 
t he radius, aecom|)anied by the 
tendon of the* Extensor bnjvis 
pollicis, and is iris(*rted into 
the outei’ side of the base^ of 
lh(* metacarpal bone of tlu* 
tliumb. It occasionally gives 
off two slips near its insertion : 
one to the trapezium, and the 
other to bhmd witlv the* origin 
of the Abdiu’.tor pollicis. 

The Extensor brevis 
pollicis, the smallest niuseh^ 
of this group, lies on tin* inner 
side of the preceding. It aris(*s 
from the iiosterior surface of 
the shaft of the radius below 
the Extensor ossis metacarpi 
j)oilieis, and from the inter- 
osseous membrane. Its direc- 


tion is similar to that of the 


Extensor ossis metacalq^i pollicis, its tendon passing through the same 
groove on the outer side of the lower end of the radius, to be inserted 
into the base of the first phalanx of the thumb. It is closely connected 
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with the Extensor ossis metacarpi pollicis, of which it is usually regarded as 
a segment. 

The Extensor longus pollicis is much larger tlian tlic preceding muscle, 
the origin of M'hicli it partly covers. It arises from the outer part of the 
middle third of tlie posterior surface of the shaft of the ulna below the origin 
of the Extensor ossis metacarpi pollicis, and from the interosseous membrane. 
It terminates in a tendon, which passes through a separate compartment 
in the annular ligament, lying in a narrow, oblique groove at the back part 
of the lower end "of the radius. It then crosses obliquely the tendons of the 
Extensor carpi radialis longior and brevior, b(^ing separated from tiie other 
Extensor tendons of tJie thumb by a triangular interval, in wliich tlie radial 
artery is found ; and is finally inserted into the base of the last phalanx of 
tlie thumb. The radial artery is crossed by the tendons of all three Extensors 
of the thumb as they jiass from the radius to the digit. 

The Extensor indicis (m. extensor indicis proprius) is a narrow, 
('longated muscle, placed on the inner side of, and parallel with, the prciceding. 
It arises from the posterior surface of the shaft of the ulna below the origin 
of tlie Extensor longus pollicis, and from the interosseous membrane. Its 
t(»ridon pass(\s under tlie ajiiiular ligament in tlie same compartment as that 
whicli transinils tlie Extensor communis digitorum, and opposite the lower 
end of the corresponding nietacai'pal bone, joins the ulnar side of the tendon 
of the Extensor communis which belongs to the index finger. 

Nerves. — The Brachio-iadialis is supplied by the fifth and sixth, the Extciisores 
caipi radialis longior et brc'vior by the sixth and seventh, and the 'Anconeus bv 
the seventh and eighth cervical nerves, all through the musculo-spiral nerve ; th<^ 
remaining muscl(‘s are innervated through the posterior interosseous nerve, the 
Supinator brevis being siip]>lied by the sixth cervical, and all the other muschv-; 
by the S(*venth cervical. 

Actions. — The muscles of the radial and posterior aspects of the lorearm, 
which comprise all the Extensor and Supinator niiiscles, act upon the forearm, 
wrist, and hand ; they are the direct antagonists of the Pronator and Flexor 
muscles. The Anconeus assists the Tricef)s in extending the forearm. Tlie 
Brachio-radialis is a flexor of the elbow-joint, but- only acts as such when the 
movement of flexion has been initiated by the Biceps and Bracliialis anticiis. 
The Su])inator brevis is a supinator : that is to say, when the radius has been 
carried across the ulna in pronation, and the back of the hand is directed 
forwards, this muscle carries tic*, radius b;ick again to the outer side of the 
ulna, and the jiaJm of the hand is again directed forwards. Tlie Extensor carpi 
radialis longior extends the wrist and abducts the hand. It may also assist in 
bending the elbow-joint ; at all ev^ents it serves to fix or steady this articulation. 
The Extensor car])i radialis brevior assists the Extensor carpi radialis longior in 
"‘xtending the wrist, and may also act slightly as an abductor of the hand. The 
Extensor carpi ulnaris helps to extend the hand, but when acting alone inclines 
it towards the ulnar side : by its continued action it extends the elbow-joint. 
The. Exttiiisor communis digitorum extends the phalanges, then the wrist, and 
finally the clbo^^k It acts prijieipaily on the proximal phalanges, the middle and 
terminal phalanges being acted upon mainly by the Interossei and Lumbricales. 
It has also a tendency to separate the fingers as it extends them. The Extensor 
minimi digiti extends the little finger, and by its continued action assists in ex- 
tending the wrist. It is owing to this muscle that the little finger can be extended 
or pointed while the others are fl(*xed. The . chief action of the jJigjs 

metaeaxpi pollicis i^ to carry the thumb outwards and backwgida f?om. tie palm 
nf the..b^n,dj apd hence it las been called tic Abductor jpoUici^ longus, By its con- 
tinued action it helps to extend and abduct the wrist. The Extensor brevis pollicis 
extends the proximal phalanx of the thunibii By its continued action it helps to 
extend and abduct the wrist. The Extensor longus pollicis extends the terminal 
phalanx of the thumb. By its continued action it helps to extend and abduct 
the wrist. The Extensor indicis extends the index finger, and by its continued 
action assists in extending the wrist. 

Applied Anatomy . — The tendons of the Extensor muscles of the thumb arc liable to 
become strained, and their sheaths inflamed, after excessive exorcise, producing a sausage - 
shaped swelling along the course of the tendons and giving a peculiar grating sensation 
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to the finger when the muscles aot. The condition is known as tenosynovitis, and the 
coarse grating is quite distinctive. 

Paralysis of the Extensor muscles of the wrists and fingers is common in acute or chronic 
lead-poisoning, and is known as ‘ wfist-drop.’ The Bracliio-radialis usually escapes in 
these cases, unless the muscles of the upper arm are paralysed also. Usually the 
Pji^f enso r muscles are affected to different, extents ; thus the thumb, or index, 
or littlefingerrmayi>lHL)l!t s4ight!y implicated, and may recover rapidly while the Extensors 
of the other fingers or the wrist remain i)owerlo8S. Some paresis is often shown by the 
Flexors of the fingers also, these muscles being thrown into a state of tremor whenever 
extension of the fingers is attempted. Atrophy often follows paralysis in lead jjoisoning. 


1\'. Muscles and Fasci.e of the Hanj) 

The muscles of the hand are subdivided into three groups : ] , Thost* of 
the thumb, which occupy tlu^ radial side and produce the thenar eminence ; 

Fi(^. 527. — Transverse section through the wrist, 
showing the annular ligaments and the canals for the j>assage of the tendons. 



2, those of the little finger, which occupy the ulnar side* and give lisc to the 
kypothfnar eminence ; "I, those in the middle of tJie palm and withiji the 
interosseous space ‘s. 

Ftc;. 528. — 'FransvcMse section through the carpus, 
shoA\ing the relative positions of the tendons, vessels, and nerves. (Henlc.) 
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The anterior annular ligament (lig. carpi volare) (figs. 527, 528) is a 
strong, fibrous band, wliich arches over the carpus, converting the deep groove 
on the front of the carpal bones into a tunnel, through u Inch the Flexor 
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tendons oi the digits pass. It is attached, internally, to the pisiform and the 
hook of the unciform ; externally, to the tuberosity of the scaphoid, and to 
the inner part of the anterior surface and the ridge of the trapezium. It is 
continuous, above, with the deep fascia of the forearm, and may be regarded as 
a thickened portion of this ; arid below, with the palmar fascia. • It is crossed 
by tile ulnar vessels and nerve, and the cutaneous branches of the median and 
ulnar nerves. At its outer extremity is the tendon of the Flexor carpi radialis, 
which lies in the groove on the trapezium between the attachments of the 
anmiJar ligament to the bone. It has inserted into its anterior surface a part 
of the tendon of the Palmaris longus and part of the tendon of the Flexoi* 
carpi ulnaris, and has arising from it, below, the small muscles of the thumb 
and little finger. Beneath it pass the tendons of the Flexores sublirnis et pro- 
fundus digitorurn, the tendon of the Flexor longus jiollicis, and the median nerve. 

The synovial membranes of the flexor tendons at the wrist. — 
^riicre arc two synovial membranes which enclose all the tendons as they pass 
beneath this liganieiit, one for tlic 
Flexores sublirnis et profundus 
digitorurn, the other for the 
Ilcxo] longus ];jpllicis (fig. 529). 

TJiey extend up into the forearm 
for about an inch above the 
a 1 11 lular 1 i gament , a i id occ asional ly 
communicate with each other 
under the ligament. Th(5 sheath 
\\hi(;li surrounds the Flexor ten- 
dons of the fiiigi'rs extends down- 
wards about halfway along llie 
metacarpal bones, where it ter- 
minates in blind diverticula 
around the tendons to the index, 
middle, and ring fingers. In the 
ca.s(} of the little finger, it is pro- 
longed on its tendons, and usually 
communicates with tJie synovial 
sheath of that digit. The sheath 
which envelops the tendon of the 
Flexor longus pollicis is continued 
along the thumb as far as the 
insertion ot the tendon. 

The posterior annular liga- 
ment (lig. carpi dorsale) (figs. 

527, 528/ is a strong, fibrous 
band, extending oblicpu'ly down- 
wards and inwards across the 
back of th(^ M'rist , and consisting 
of ]iart of the deep fascia of the bai*k of the foreami, strengthened by the 
addition of some transverse fibres. It binds down the Extensor tendons in their 
passage to the fingers, being attached, internally, to the styloid process of the ulna 
and to the cuneiform and pisiform ; externally, to the outer margin of the radius; 
and, in its passage across the wrist, to the elevated ridges on tlie posterior surface 
of the radius. Between it and the bones are formed six compartments for the 
passage of tendons, each of which is lined by a separate synovial membrane. 
One is found in (^aeh of the following positions : 1, on the outer side 
of the styloid process, for the tendons of the Extensor oasis metacarpi and 
Extensor brevis pollicis ; 2, behind the styloid process, for the tendons of 
the Extensores carpi radialis longior et brevior ; 3, about the middle of the 
posterior surface of the radius, for the tendon of the Extensor longus pollicis ; 
4, to the inner side of the latter, for the tendons of the Extensor communis 
digitorurn and Extensor indicia ; 5, opposite the interval between the radius 
and ulna, for the Extensor minimi digiti ; 6, grooving the back of the ulna, for 
the tendon of the Extensor carpi ulnaris. The synovial membranes lining these 
sheaths are usually very extensive, reaching from above the annular lament, 
down upon the tendons for a variable distance on the back of the hand. 


Fiu. 529. — Diagram showing the arrangement 
of the synovial shcatlis of the j>ahn and 
iiiigers. 
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The deep palmar fascia (aponeurosis palniaris) (fig. 530) forms a common 
sheath which invests the muscles of the hand. It consists of a central and 
two lateral portions. 

The central portion occupies the middle of the palm, is triangular in shape, 
of groat strengtli and thickness, and binds down tli(^ tendons and protects tlie 
vessels and nerves in this situation. It is narrow above, where it is attached 
to the lower margin ot the annular ligament, and receives the expanded 
tendon of the Palniaris longus muscle. Below, it is broad and expanded, and 
divides into four slips, one for each finger. Each slip gives off superficial 
fibres, which an* inserted into the skin of the palm and finger, those to the 

Ficj. 530. — ^Palmar fascia. 

(From a preparation in the Museum of the Royal College of Surgeons of England.) 



palm joining the skin at the furrow corresponding to the metacarpo-phalangeal 
articulation, and those to the fingers passing into the skin at the transverse 
fold at the base of the fingers. The deeper part of each slip subdivides into 
two processes, wliich are inserted into the fibrous sheaths which confine the 
Flexor tendons. l'i*oni the sides of these processes offsets are sent backwards, 
to be attached to the transverse metacarpal ligament. By this arrangement 
short channels are formed on the front of the lower ends of the metacarpal 
bones, through which the blexor tendons pass. Between the two processes 
into which each slip divides is attached the digital sheath. The intervals 
left betw'een the four fibrous slips transmit the digital vessels and nerves, 
and the tendons of the Lumbricales. At the points of division of the 
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palmar fascia into the slips above mentioned, numerous strong, transverse 
fibres (fasciculi transversi) bind tlu? separate processes together. The palmar 
fascia is intimately adherent to tlie integument by dense fibro-areolar tissue 
forming the superficial palmar fascia, and gives origin by its inner margin 
to the Palniaris brevis. It covers the superficial palmar arch, the tendons of 
the Flexor muscles, and the branches of the median and ulnar nerves ; and 
on each side it gives off a vertical septum, which is continuous with the inter- 
osseous aponeurosis, and separates the lateral from the middle palmar grouj) 
of muscles. 

TJie lateral 'portions of the ])almar fascia are thin, fibrous layers, which 
cover, on the radial side, the muscles of the ball of the thumb, and, on the 
ulnar side, the muscles of the little finger; they are coni in nous with the 
central portion of the palmar fascia and with the fascia on the dorsum of th(* 
hand. 

TJie superficial transverse ligament of the fingers is a thin band of 
transverse fibres (fasciculi transvei-si) ; it stretches across the roots of the 
foui* fingers, and is closely attached to the skin of the clefts, and internally 
to the fifth metacai’pal bone, forming a soil of rudimentary web. Beneath it 
the digital vc'sscls and nerves pass onwards to their destination. 


Applied Anattmuf. — The palmar fascia is liable to undergo contraction, producing a 
very iriconvciiient deformity, km ami as ‘ Diipuytrcn’s (‘ontraction.’ The ring and little 
fingers are most ficquently implicatiMl, but the others may also be involved. The 
liroximal phalanx is drawn down and eaiuiot bt* straightened, and the two distal 
phalanges become similarly flexed as the disease advances. 

Owing to their constant exposure to injury and septic inllucnces, the fingers are very 
liable to become the scat of serious inflammatory miscliicf. To this inflammation tin* 
term pnroni/chia ov whitlow is given, and this afl’ec-tion may assume various degrees of 
severity. In the mildest cases the disease is (;ouflned to the superficial layer of the skin, 
and supfmration takes jilaec beneath it* This is known as suhrvticvlar pnronijchin^ and is 
a comparati^'ely sim]jle condition, for an incision through the c])idcrmis will at once 
relieve it. The only coinjilication is that the pus may tnirrow under the nail, causing 
increased pain. A more severe condition is the ])arovpchifi ccUtilosa^ in which the pulp of 
the end of the Anger is involved. This is attended with intense throbbing pain, owing to 
the fact that the inflamed area is covered l)y I hick and often horny (‘pithelium, when the 
disease occurs in the labouring classes, as it so frequently does. In these cases, ugless a 
liinoly incision is made, the inflammation is liable to involve the periosteum covering 
the phalanx, as there is least resistance in this direction, and subperiosteal parnni/rhia 
is set up, which is followed by necrosis of a part or the whole of the ungual phalanx. In 
other cases, the inflammation may involve the theca of the Flexor tendons, and a thecal 
'parout/eJna mav be set up. Tlie inflammation then rapidly spreads up the sheath ; but 
the cvlent wilf depend upon the particular digit involved. From the description of the 
Flexor sheaths given above, it will be evident that inflammation of the sheath of the 
tlo'mb and little linger may prove a far more formidable affection than that of the other 
thn‘e digits, because the sheaths of these two digits communicate with the large synovial 
sheaths wbich surround the Flexor tendons (page 551 ), and the inflammation may 
extend into the palm of the hand and beneath the annular ligament into the forearm. 

In order to relieve Iheso conditions, free and early incisions are necessaiy, and must 
be made witli discrhninatioii, in order to avoid wounding important stru(!tures. In the 
pulp of the finger — i.c. over the distal phalanx — the incision should be made in the middle 
line and down to the bone. In the rest of the finger, the incision sliould be made in the 
middle line over the phalanges, and not over the interphalangeal joints. In the palm of 
the hand, incisions may be made either on the distal or proximal side of the superficial 
palmar arch. On the distal sides the incisions should be made over the metacarpal bones, 
preferably those of the index and middle finger. On the proximal side, the safest line of 
incision is along the radial side of the hypothenar eminence, between the ulnar artery 
and nervo internally, and the median nerve externally. When suppuration has extended 
under the annular ligament, and incisions are required in the forearm, the positions in 
which they should be made are over the tendons of the Flexor sublimis digitorum, between 
the median nerve and the ulnar artery, and over the tendon of the Flexor longus pollicis, 
between the radial artery and the tendon of the Flexor carpi radialis. 

Chronic inflammation of the common flexor sheath is occasionally met with, consti- 
tuting a disease known as ‘ compound palmar ganglion ’ : it presents an hourglass outline, 
with a swelling in front of the vTist and in the palm of the hand, and a constriction, 
corresponding to the annular ligament, between the two. The fluid can be forced from 
the one sweUing to the other under the ligament, and when this is done, a creaking 
sensation is sometimes perceived, from the presence of ‘ melon-seed ’ bodies in the 
interior of the ganglion. 
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11. Radial Region (figs. 531, 532) 

Abductor pollicis. Flexor brevis pollicis. 

Opponens pollicis. Adductor obliquus pollicis. 

Adductor transversus pollicis. 

The Abductor pollicis (m. abductor pollicis brevis) is a thin, flat muscle, 
placed immediately beneath the integument. It arises from the annular 
ligament, the tubcTosity of the scaphoid, and the ridge of the trapezium, 
frequently by tw(^ distinct slips. Running outwards and downu'ards, it 
is inserted by a thin, flat tendon into the radial side of tlie base of the 
first phalanx of the thumb and the capsule of the metacarpo-phalangeal 
articulation. 

The Opponens pollicis is a small, triangular muscle, placed beneath the 
preceding. It arises froju the palmar surface of the ridge on the trapezium 
mid from the annular ligament, 2)asses downwards and outwards, and is inserted 
into tile Avliole length of the metacarjial bone of the thumb on its radial side. 

Fm. 531. — Muscles of the thumb. 

(Irom a ])rcparation in the Museum of the* Royal College of Surgeons of Fnglaiid.) 



The Flexor brevis pollicis consists of two portions, outer and inner, 
l^he outer and more mperjicial portion arises from the outer two-thirds of the 
l(»\\er bolder of the annular ligament and the lower part of the ridge on the 
trapezium : it passes along the outer side of the tendon of the Flexor longus 
pollicis, and, becoming tendinous, has a sesamoid bone developed in its tendon, 
and is inserted into the outer side of the base of th(3 first phalanx of the thumb. 
The inner and deeper portion of the muscle is vt^ry small, and arises from the 
ulnar side of the first metacarpal bone between the Adductor obliquus pollicis 
and the outer head of Die First dorsal interosseous, and is inserted into 
the inner side of the base of the first phalanx with the Adductor obliquus 
pollicis. 

The Adductor obliquus pollicis arises by several slips from the os 
magnum, the bases of the second and third metacarpal bones, the anterior 
carpaJ ligaments, and the sheath of the tendon of the Flexor carpi radialis. 
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From this origin the greater number of fibres pass obliquely downwards and 
converge to a tendon, which, uniting with the tendons of the deeper portion 
of the Flexor brevis pollicis and the Adductor transversus, is inserted into the 
inner side of the base of the first phalanx of the thumb, a sesamoid bone being 
develop(*d in the tendon of insertion. A considerable fasciculus, however, 


Ficj. 532. — ^Muscles of the left hand. Palmar suj'face. 



passes more obli(|ucly outwards beneath the tendon of the long Flexor to join 
the superficial portion of the short Flexor and the Abductor pollicis. 

The Adductor transversus pollicis (fig. 531) is the most deeply seated 
of this group of muscles. It is of a triangular form, arising by its broad base 
from the lower two- thirds of the metacarpal bone of the middle finger on 
its palmar surface ; the fibres, proceeding outwards, converge, to be inserted. 
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witli the inru'r part of the Flexor brevis polUcis, and the Adductor obliquus 
pollicis, into the ulnar side of the base of the first phalanx of the thumb. 

Nerves. — The Abductor, Oppoueus, and outer head of the Flexor brevis pollicis 
are supplied by the sixth cervical nerve throuf?h the median nerve ; the inner 
head of the Flexor brevis, and the Adductors, by the eighth cervical through the 
ulnar nerve. 

Actions. — Tlie Abductor pollicis draws the thumb forwards in a plaiuj at 
right angles to that of the palm of the hand. The Adductores pollicis are the 
opponeijtsof this muscle, and approximate the thumb to the palm. The Oppoueus 
pollicis flexes the metacarpal bone : that is, draws it inwards over the palm and 
the Flexor brevis ppllicis flexc's and adducts the proximal phalanx. 

12. Ulnar Hajicn (fig. 532) 

Palmaris brevis. Flexor brevis minimi digiti. 

Abductor minimi digiti. Opponens minimi digiti. 

The Palmaris brevis is a thin, quadrilateral musch', placed beneath the 
integument of the ulnar side of tlie hand. It arises by tendinous fasciculi 
from tlie annular ligament and palmar fascia ; the fleshy fibres pass inwards, 
to be inserted into the skin on the inner border of the jmlm of the liand. 

Tlui Abductor minimi dig^iti (m. abductor digiti quinti) is situated on 
the ulnar border of the palm of tlu' hand. It arises from the pisiform bone 
and from the tendon of the Flexor carpi ulnaris. and terminates in a fiat 
tendon, which divides into two slips ; one is inserted into the ulnar side of 
the base of the first phalanx of tlie little finger; the other into tlie ulnar 
border of the aponeuiosis of the Extensor minimi digiti. 

The Flexor brevis minimi digiti (m. flexor digiti quinti brevis) li(*s on 
tlie same plane as the preceding muscle, on its radial sid(‘. It arises from tli(‘ 
convex surface of tlie hook of the unciform bone, and the ant(‘ri(U’ surface of 
the annular ligament, and is ins<*rted into the inner side of tlie base of tlii‘ first 
plialanx of the little finger. It is separated from the Abducitoi’ at its origin, 
by the deei^ branches of the ulnar artery and nerve. This muscle is sonitlinies 
wanting ; the Abductor is then, usually, of large size. 

The Opponens minimi digiti (m. opjionens digiti quinti) (fig. 522) is of 
a triangular form, and placed immediately beneath the preeialing muscles. 
It arises from the convexity of the hook of the unciform bone, and contiguous 
portion of the annular ligament ; its fibres pass dowmu ards and inwards, to 
be inserted into the Avliole length of the rneluiairpal bone of the little fingcu*, 
along its ulnar margin. 

Nerves. — All the? muscles of this grouj) are supplied by the eighth cervical 
nerve through the ulnar nerve. 

Actions. — The Abductor and Flexor brevis iiiininii digiti abduct the little 
finger from the ring finger and assist in flexing the proximal phalanx. The 
Opponens minimi digiti draws forwards the fifth metacarpal bone, so as to 
deepen the hollow of the palm. The Palmaris brevis corrugates the skin on the 
inner side of the palm of the hand. 

13. Middle Paltnar Region 

Lumbricales. Interossei. 

Tlie Lumbricales (fig. 532) are four small fleshy fasciculi, accessories 
to the Flexor profundus digitorum. They arise from the tendons of this 
muscle : Die first and second, from tlie radial side and palmar surface 
of the tendons of the index and middle fingers respectively ; the third, from 
the contiguous sides of the tendons of the middle and ring fingers ; and the 
fourth, from the contiguous sides of the tendons of the ring and little fingers. 
Each passes to the radial side of tlu? corresponding finger, and opposite the 
inetacarpo-phalangeal articulation is inserted into the tendinous expansion 
of the Extensor communis digitorum covering the dorsal aspect of the finger. 

The Interossei (figs. 533, 534) are so named from occupying the intervals 
between the metacarpal bones, and are divided into two sets, a dorsal and 
a palmar. 
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The Dorsal interossei (interossei dorsales) are four in number, larger than 
the Palmar, and oecupy the intervals between the metacarpal bones. They 
are bipenniform muscles, each arising by two heads from the-adjac^ent sides 
of the metacarpal bones, but more extensively from the metacarpal bone of 
the finger into which the muscle is inserted. They are inserted into the bases 
of the first phalanges and into the aponeuroses of the common Extensor 
tendons. Between the double origin of each of these muscles is a narrow 
triangular interval, through the first of which the radial artery passes ; through 
each of the otlier three a perforating branch from the deep palmar arch is 
transmitted. 

'^riie Firf<t dorsal inierossmus muscle^ or AhduCytor indicis, is larger than the 
others. It is flat, triangulai’ in form, and arises by two ho(||^s, separated by a 
fibrous arch, for the passage of the radial artery from the dorsum to the x>alm 
of the hand. The outer head arises from the upper half of tlie ulnar border 
of the first metacarpal bone ; tlu^ inner head, from almost the entire length of 
tlu'- radial border of the second metaearptal bone ; the tendon is inserted into 
tlie radial sid<‘. of the index finger. The Second and Third dorsal interossei are 


Fjc. 533. -The Dorsal interossei 
of left hand. 


Fiti. 534. — The Palmar interossei 
of loft iiand. 



inserted into the middle* firig(M*, the former into its radial, the latter into its 
ulnar side. Tlui Fourth is inserted into the ulnar side of the ring finger. 

The Palmar interossei (interossei volares), tliree in number, are smaller 
than the Dorsal, and placed upon the j)almar surfaces of the metaearpal bones, 
rather than between llicm. Each arises fron\ t he entire lejigth of the meta- 
carpal bone of one finger, and is inserted into the side of the base of the first 
])halanx and aponcurotie expansion of the common Extensor tendon of the 
same finger. 

The First arises from the ulnar side of tlie second metacarpal bone, and is 
inserted into the same side of the first phalanx of the index finger. The 
Second arises from the radial side of the fourth metaearpal bone, and is inserted 
into the same side of the ring finger. The Third arises from the radial side of 
the fiftli metacarpal bone, and is inserted into the same side of the little finger. 
From this account it may be seen that each finger is provided with two Inter- 
ossei, witli the exception of the little finger, in which the Abductor muscle 
takes the place of one of the pair. 

Nerves.-— The two outer Lumbricales are supplied by the sixth cervical nerve, 
through the third and fourth digital branches of the median nerve : the two inner 
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Lumbricales and all the Interossei are supplied by the eighth cervical nerve, through 
the deep palmar branch of the ulnar nerve. The third Lumbrical frequently receives 
a twig from the median. 

Actions. — The Palmar interosseous muscles adduct the fingers to an imaginary 
line drawn longitudinally through the centre of the middle finger ; and the Dorsal 
interossei abduct the fingers from that line. In addition to this the Interossei, 
in conjunction with the Lumbricahw, flex the first phalanges at the metacarpo- 
phalangeal joints, and extend the second and third phalanges in consequence of 
their insertions into the expansions of the Extensor tendons. The Extensor 
communis digitonim is believed to act almost entirely on the first phalanges. 

Surface Form. Pecloralis major largely influencses surface form and conceals 

a considerable part of the thoracic wall in front. Its sternal origin presents a border, 
which hounds and determines the width of the sternal furrows Its clavicular origin 
is somevN'hat depressed and flattened, and between the two portions of the muscle there 
is often an oblique depression. "Jlie outer margin of the muscle is generally well marked 
above, and forms the inner boundary of a triangular depression, the infraelavicular fossa, 
which separates the Pcctoralis major from tlie Deltoid. It gradually becomes less marked 
as it ai)proaehes the tendon of insej’tioii, and is more closely blended with the Deltoid muscle, 
'riio lower border of the PectoralLs major forms the rounded anterior axillary fold, and 
corresponds with the direction of the fifth rib. When the arm is raised, the lowest slip 
of origin of the Pectoralis minor produces a local fulness just below the border of the anterior 
fold of the axilla, and serves to break the shaiq) outline of the lower border of the Pecdoralis 
major muscle. The origin of Ihc Serratvs nmgnus causes a very characteristic surface 
marking. When the arm is raised from the side, the loMer live or six serrations are 
plainly discernible, forming a zigzag line, caused i)y the digitations, whicli diminish in 
size from above downwards, and have their apices arranged on a curve. When the arm is 
lying by the side, the first serration to appear at the lower margin of the Pectoralis major 
is the one attached to the fifth rib. 

The Deltoid y with the luominence of the ui)))er extremity of tlu^ humerus, producih 
the rounded contour of the shoulder. It is rounder and fuller in front than behind, whore 
it jiresenls a somewhat flattened form. Above, its anterior border presents a rounded, 
slightly curved ominenco, which forms tlu* outer boundary of the infraelavicular fossa ; 
below', it is closely united with the Pccdoralis major. Its posterior border is thin, flattened, 
and scarcely marked above ; below, it is thicker and more prominent. 'I'ht‘ inserlion 
of the Deltoid is marked by a dejjression on the outer side of the middle oi the arm. Of 
the scapular muscles, the only one wliich materially influences surface form is th(‘ Terefi 
major ; it assists the Latissimiis dorsi in forming the thick, rounded, posterior fold of the 
axilla. When the arm is raised, llie Coraco-hrachialiis reveals itself as a long, narrow 
elevation, w’hich emerges from under cover of the anterior fold of the axilla and runs 
internal to the shaft of the humerus. '^I'he front and innt*r part of the arm ])rescnts 
the prominence of the Biceps, bounded on either side by an intermuscular depression. 
This muscle determines tin* contour of the front of the arm, and extends from the 
anterior margin of the axilla to the bend of the elbow. Its ujiper tendons arc concealed 
by the Pectoralis major and the Deltoid, and its lower tendon sinks into the sjiaee 
at the bond of the elbow. When the muscle is in a state of comjilefe contraction — that 
is to say, when tlie forearm has been flexed and supinated — it jiresents a roimdod con\'ex 
form. On either side of the Bicejis, at the lower part of the arm, the Brachialis antkus 
is discernible. On the outer side it forms a narrow^ eminence, which extends some distance 
up the arm ; on the imicr side it shows itself only as a little fulness just above tlio elbow. 
On the back of the arm the long head of the Triceya may be seen as a longitudinal eminence 
emerging from under coAcr of the Deltoid, and gradually merging into the longitudinal 
flattened plane of the t(uidoii of the muscle on the lower part of the back of the arm. The 
tendon of insertion of the muscle extends about halfway up the? back of the arm, and 
forms an elongated flattened plane when the muscle is in action. Under similar 
conditions the surface forms produced by the inner and outer heads of the muscle are 
well seen. 

On the anterior aspect of the elbow are tw o muscular elevations, one on either side, 
separated above, and c.onv (urging below so jis to form the iimcr and outer boundaries 
of a triangular space, the anticubital fossa. Of these, the inner elevation, consisting of 
the Pronatc>r teres and the Flexors, forms the prominence along the inner side and front 
of the forearm. U is a fusiform mass, pointed above at tlie internal condyle, and gradually 
tapering off bclcw' The PrunaUir teres, the outermost muscle of the group, forms the 
inner boundixry of the anticubital fossa. It is shorter, less prominent, and more oblique 
than the outer boundary. The most prominent part of the eminence is produced by the 
Flex(}r carpi radialis, tlie muscle next in order on the inner side of the preceding one. 
It forms a rounded promineiuse above, and may be traced downwards to its tendon, which 
can be felt lying on the front of the wrist, nearer its radial than its ulnar border, and to 
the inner side of the radial artery. The Palmaria lr)ngu8 presents no surface marking 
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above, but below, its tendon is the most prominent of the tendons on the front of the 
wrist, standing out, when the muscle is in action, as a sharp tense cord beneath the skin. 
The Flexor sublimis digUomm does not directly influence surface form. The position 
df its four tendons on the front of the lower part of the forearm is indicated by an elongated 
depression between the tendons of the Palmaris longus and the Flexor carpi ulnaris. 
The Flexor mrjn ulnaris occupies a small part of the posterior surface of the forearrii, 
and is separated from the Extensor and Supinator group, w'hich occupies the greater part 
of this surface, by the ulnar furrow, produced by the subcutaneous posterior border of 
the ulna. Its tendon cjin bo perceived along the ulnar border of the front of the forearm, 
and is most marked when the hand is flexed and adducted. The external group of muscles, 
consisting of the Brachio-radialis, the Extensors and Supinator brevis, occupies the outer, 
and a considerable portion of the posterior, surface of this region. It forms a fusiform 
mass, which is altogether on a higher level than that produced by the Ih-onator teres 
and Flexors. Its apex is between the 'J'riceps and Brachialis anticus muscles some 
distance above the elbow-joint ; it acquires its greatest breadth oi»poBitc the external 
condyle, below which it shades off into a flattened surface. About the middle of the 
forearm it divides into two longitudinal eminences which diverge from each other, leaving 
a triangular interval between them. Ihe outer of these eminences consists of the Brachio- 
radialis and the Extensoros carpi radialis longior et brevior, and descends from the external 
(‘ond^Oar ridge in the direction of the styloid process of the radius. The inner consists 
of the Extensor communis digitomm, the Extensor mmimi digiti, and the Extensor carpi 
ulnaris ; it commeiKJcs above as a tapering mass at tlic external condyle of the humerus ; 
above, it is separated from the Anconeus by a well-marked furrow, and below, from the 
Pronati)!’ teres and Flexor mass the ulnar furrovs . The only two muscles of this region 
which require special mention, as independently influencing surface form, are the Brachio- 
radialis and the Amjoneus. The inner border of the Brachio-radialis forms the outer 
boundary of the anticubital fossa. It commences as a rounded border above the condyle, 
and is longer, less oblique, and more iirominent than the iimer boundary. Lower down 
the muscle forms a full fleshly mass on the outer side of the upper part of the forcsimi, 
and bclow'^ tapers into a tendon, wdiich may be traced to the styloid procijsr. of the radius. 
'rh(5 Jricowc?/, S' presents a distinct and characteristic surface form in the shape of a tri- 
angular, slightly elevated area, immediately external to the subcutaneous posterior surface 
of the olecranon, and differentiated from t he common Extensor group by an oblique depres- 
sion. The upper angle of the triangle corresponds to the external condyle, and is marked 
by a depression or dimple in this situation. In the interval, caused by the divergence 
from each other (»f the two massijs into which the Extensor and Sii])inator group is divided 
at the lower pari of the forearm, an oblique elongated eminence is seen, caused by the 
emergence of two of the Extensors of the thumb from tlicir deep origin at the back of tJie 
forearm. This eminemie, full above, flattened and partially subdivided below, nins 
downwards and outwards o\ev the back and outer surface of the radius to tlic outer side 
of the wrist-joint, w liore it forms a ridge, cspeciallj- marked when the thumb is extended, 
and passing onwards to the posterior aspect of tJie tliumb. The tendons of most of the 
Extensor musedes arc to be seen and felt at the level of the wrist-joint. Most externally 
are those of the Extensor ossis metacarpi pollicis and the Extensor brevis pollieis, forming 
a vertical ridge over the outer side of the joint, from the styloid process of the radius to the 
thumb. Internal to this is the oblique ridge produced by the tendon of- tho Extensor 
longus pollicis, very noticoalile A\dien the muscle is in action. The Extensor carpi radialis 
longior is scarcely to be felt, but the Extensor carpi radialis brevior can be perceived 
as a vertical ridge emerging from under the ulnar border of the; tendon of the Extensor 
longus pollicis, when the hand is forcibl^'^ extended at the wrist. Internal to this the 
tendons of the Extensor indicis, Extensor communis digitomm, and Extensor minimi 
digiti can be fell ; the last being sejniraled from those of the Extensor communis by a 
slight furrow. • 

The muscles of the hand are principally coneorned, as far as regards surface form, 
in producing the thenar and hypolhenar eminences, and cannot be individually distin- 
guished on the surfaccj. The thenar eminence is larger and rounder than the hypo thenar, 
which presents a long, narrow ominence along the ulnar side of the hand. When the 
Palmaris brevis is in action it produces a wrinkling of tho skin over the hy|Dothenar eminence, 
and a dimple on the ulnar border of the hand. On the back of the hand the Dorsal inter- 
ossei produce elongated sw'ollings between the mctiacarpal bones. When the thumb is 
closely adducted to tho hand, the First dorsal intorosseous (Abductor indicis) forms a 
prominent fusiform bulging ; the other Interossci are not so marked. 

The skin over the inner side and front of the forearm is thin, smooth, and sensitive ; 
it contains few hairs and many sw catrglands. Over the outer side and back of the arm 
and forearm it is thicker, denser, and less sensitive ; it contains more hairs and fewer 
sweat-glands. Over the olecranon the cuticle is thick and rough ; tho skin is loosely 
connected to the underlying tissues, and transversely wTinkled when the forearm* is extended . 
At the front of the- wrist, the skin presents three transverse furrow’s, w’hieh correspond 
from above downwards to the position of the styloid process of the ulna, the wi'ist- 
joint. and the mid-carpal joint respectively. The skin of the palm of the hand differs 
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ronjiiderably fron) that of the forearm. At the wrist it suddenly becomes hard and dense 
and covered with a thick layer of cuticle. The skin in the thenar region presents these 
ciiaracteristics less than elsewhere. In spite of this hardness and density, the skin of the 
palm is exceedingly sensitive and very vascular. It is destitute of hair, and contains no 
sebaceous follicles. It is tied down by fibrous bands along the lines of flexion of the 
digits, x^roducing certain furroA\s of a xiermanent character. One of these starting from 

about the tubercle of the scaphoid, curves round 
Fkj. 535. — Fracture of the middle the thenar eminence, and ends on the radial 

of the clavicle. border of the hand, a little above the metacarpo- 

phalangeal joint of the index finger. *Tt corre- 
sponds to the outer border of the central ])orti(m 
of the palmar fascia, and is produced by the 
moA'emc'iit of tlie thumb at the (jarpo-metacarpal 
joint. X second line begins at the end of the 
first, and extends obliquely across the palm, 
upwards and inwards, to the ulnar margin about 
the middle of the fifth metacarpal bone. .A third 
commences at the ulnar border of the hand, about 
an inch below the termination of the second, and 
extends outwards acjoss the yialm ovej- the h(5ads 
of the third, fourth, and fifth motaeari)al liones. 
1'ho last two lines are caused by flexion of Hit* 
lingers af the mctacarjio-plialaiigcal joints. Over 
the fingers the skin again becomes thiniK'i*, 
e.speciaJIy at th(' fiexim's of I In*, joints ; and ovt'r 
thctci-minal phalanges it is throAvn into numerous 
ridges, in consequcmcc of the arrangement r»f the 
pa|)ilhe in it. These ridges form, in ditlcifuit 
iiidiAMduals, distincti\'c and jKM’manent ])attcrns, 
AAhich may U* used for |)urpos(*s of idcntilication. 
The superlieial fascia in lh(‘ jialm is made up of 
dens(‘ tibro-fatty tissue. This tissiitj binds down 
the skin so firmly to the dec)) ])almar fascia tliat 
very littleruoA’emenl is jicrmitfed between the tAvo. 

Applied Ajiatomp . — In considering tb(‘ actions 
of the A^arious muscles upon fractures of the. 
upper extremity, tli(‘ most common forms of injury have been seleet(‘d both for illus- 
tration and d(*scription. 

Fi-aeture of the middlf' nf the riavirh (fig. 535) is usually attended with considerable 
dis])laeemcnt of the outer fragment, Avhieh is drawn downwards and inwards, and at the 
same time rotated, so that its outer end is carried forwards and its inner end l)aekA\ards. 

The displacement is jmidueed as follows : the 
outer fragment is drawn doivmrarrl^i by the weight t(J. 53r).-— Fracture of the suiLrical 
of the arm, the Trapezius not laung able to support neck of the liumerus. 

the Avoight of tlie limb. It is draAA'ii inwards by 
the Subclavius and Peet oralis minor, jiossibly a-sisted 
by the Pcctoralis major and Latissimus dorsi ; and 
is rotated on an axis drawn through its own centre 
by the Serratus magniLS, which causes tlie sea[mla 
to rotate on the Avail of the chest, and carries the 
acromion and outer end of the outer fragment of 
tlie clavicle forwards, and so carries the inmu* erul 
of the outer jiortion liaek wards. The dcpr(*ssion of 
the Avhole outer fragment is jiroduced by the weight 
(»f the arm and by the (amtraction of the Deltoid. 

The causes of di.splaeement having been aseerlairied, 
it is easy to ajijily the, appropriate treatment. The 
outer fragment is to be drawn oiitAvards, and, 
together w ith the scapula, raised upwards to a level 
Avith the inner fragment, and retained in that 
position. 

In fracture of the acromiai end of the clavicle,, 
between the conoid and trapezoid ligaments, only 
slight displace nuMit occurs, as these ligaments, from 
their oblique insertion, serve to hold both portions 
of the bone in apposition. Fracture, also, of the stervnl end„ internal to the costo- 
clavicular ligament, is attended Avith only slight displacement, this ligament serving to 
retain the fragments in close apposition. 

Fracture of the acromion process outside the ligaments usually arises from Adolence 
applied to the upper and outer part of the shoulder. There is great displacement ; the 
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outer fragment being drawn downwards by the weight of the arm, and rotated forwards 
and inwards, so that it forms a right angle with the rest of the bone. 

1^‘afture of the surgical neck of the humerus (fig. 580) is very common, is attended v ith 
considerable displacement, and its appearances correspond somewhat with those of 
dislocation of the head of the humerus into the axilla. The iifipcr fragment remains in its 
place under the coraco-acromial ligament ; the lower fragment is drawn inwards by the 
Poctt>raliB major, Latissimus dorsi, and Teres major ; and the humoru.s is thrown obliquely 
outw'ards from the side by the Deltoid, and occa- 
sionally elevated so as to cause the up}M5r end of 537.— Fracture of the humerus 

the lower fragment to project IxMiealh and in front 
of the coracoid process. The deformity is reduced 
by fixing the shoulder, and drawing the arm out- 
wards and downwards. To countciract the o})j)osing 
muscles, and to keep the fragments in ])osition, a 
cone-shaped pad should be placed in the axilla, 
and the arm bandaged to the side by a broad roller 
passed round ihc chest in such a manner that the 
elbow is carried slighlly forwards, so as to throw 
till' upper end of the lower fragment backw^ards 
and outwards towards the head of the bone. TJie 
whole is then eovered with a earelully moulded 
gutlaj.crcha t)r ])oroplastic shoulder-cap. 

In Irncture of the sha/t of the below' 

the insertion of the Pectoralis major, J^atissimus 
dorsi, and Tei‘( s major, and above' the insertion ot 
the Deltoid, there is also eonsideiable ih'loiiuity, 
tile upper fragment being drawn inw.ircls bv the 
lirst-memtionecl muscles, unci the lower liagment 
upw'ards und outwards by the Di'ltoid. Shortening 
of the limb lesults, with a consideiMble proimnenee 
at the seat of fracture*, from the trae'tureel ends e>i 
the bone riding ovei o/ie arie»the*r, e'spe'cially it the 
fracture take f)lae*e in an eibliejut* direction, iiu' 
fragments may be brought iiitei appositiem by 
e'xtension freirn the eibow, and retaiiie'd in that ]M)sitie)n by ade>ptiiig the same nu'ans as 
in the firee'ediiig injury. 

In Iractiire^ ed the ,shaif oi the humeni't immc'diate'ly below iJie insiTtion ol the* Deltoid, 
the amount of delorniity de'pe'uds givatly upon the elire'cliem e)l the fracture. It it oe'cur 
in a transverse diree'tioii, e>iily slight displacenu'iit lake's jiacc, the upper fragiiieiit Ix'ing 
drawn a little^ forwaids ; but in eibliejue frae'ture*, the* combined actiems of the Hieops and 
Braeiiialis anticus muse'Ie's in treuit and the 'Irie-eps behind draw' ujiw'ards tlie low'er 
fragme'nt, causing it te> glide over the iijipe'i Iragmeiit, eilhei baekwards or feirwarch-. 

according to Die clirecliem oi tlic frac- 
ture Simple exleiisiem reducers the 
elc'tormity, and the* application e>f a 
s]u)uleler-e*ai) and splints te> the arm 
will retain the Iragmeiits in a])])osition. 
(’are should be* taken not to raise the 
elbow'; but Die foivarm and hand may 
be supiieirte^d in a sling. 

Frae'tiire eif the hnmtrus (fig. 537) 
immediatoly above the condyles de- 
serves very attentive consideration, as 
the general appearances correspond 
somewhat with tliose ])roducod by 
separation of the epiphysis of the 
humerus, and with those of disloca- 
tion of the* radius and ulna backwards. 
If the direction of the fracture is 
obliciue, from above, downwards and 
forw'ards, the lower fragment is drawn 
upwards by the Brachialis anticus 
and Biceps in front, and the Triceps 
behind ; and at the same time is drawn bac'k wards behind the upper fragment by 
the Triceps. This injury may be diagnosed from dislocation by the' in'^reased 
mobility in fracture, the existence of crepitus, and the fact that the deformity is 
remedied by extension, but is reproduced on the discontinuance of it. llio ago of 
the patient is of importance in distinguishing this form of injurv from separation of 
the epiphysis. In some cases where the injury has boon produced by falls on the 
elbow, the lower fragment is drawn upwards and forwards, causing a considerable 

O O 


Fio. ,538. — Fraclure ol the olecranon. 



above the condyles. 
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prominence in front ; and the upper fragment projects backwards beneath the tendon of 
the Triceps. 

In fracture of the olecranon process (fig. 538) the detached fragment is displaced 
upwards, by the action of the Triceps muscle, from half an iiich to two inches ; the promi- 
nence of the elbow is consequently lost, and a deep hollow' is felt at the back part of the 
joint, which is much incj^eased on flexing the limb. 'Phe patient at the same time loses, 
more or less, the power of extending the forearm. The treatment consists in wiring the 
fragments together ; but if for some reason this operation is not desirable, the fragments 
should be a})pro;ciinated by strapping or a figure-of-8 bandage, and the arm put up in an 
extended position in order to relax the Triceps. Massage and passive movements must 
be employed early, for fear of ankylosis. Union, when w'iring is not resorted to, is usually 
fibrous. 

In fracture of Ihe raritus belovr tlie insertion of the Biceps, but above the insertion 
of the Pronator teres, the upper fragment is strongly BUi)inated by the Biceps and 

Supinator brevis, and at the same time 
drawn forwards and flexed by the Biceps ; 
the lower fragment is pronated and drawn 
inwards tow’ards the ulna by the Pro- 
nators. Thus there is (‘xtnunc displace- 
ment w'ith very little deformity. In 
treating such a fracture the arm must be 
put up in a position of supination, other- 
wise union will take place w'ith great 
impair nil* nt of tlic movements of the 
hand, in fratrtures (»f the radius })clow' 
the insertion of the Pronator teres 
(fig. 539). the upper fragment is drawn 
upwards l)y tin* Biceps, and inw’ards by 
the Pronator teres, into a position niidw'ay betw'ei'n pronation and supination, and a 
degree of fulness in the upper half of the torcarm is thus produei‘fl. The lower fragment 
is drawn dowmvards and inwaids towards the ulna by the Pronator (piadratus, and 
throw'n into a state; of pronation hy the same museie ; a-l the same time, the Brachio- 
radialis, by elevating the styloid pnxatss, into which it is insert(;d. will serve to dei>ress 
the upper end of tlie lower fragment still more towards the ulna. In order to relax the 
opposing mus(;l(*s the. forearm should ho bent, and tin* limb placed in a position midw'ay 
botw'oeii pronation and supination ; the fracture is then easily reduced by extension 
from the wTist and elbow. VV’(;ll-pad(l(‘il splints should bo applied on both sides of the 
forearm from the elbow' to the wrisi : the hand being allowed to fall will, by its own 
w'eight. eounteraet the action of Uie Pronator (juadratus and Brachio-radialis, and elevate 
the lower fragment to tin; lov'td of the upper one. 

In fracture of llie s/cifl rtf the ulna the upper fragment retains its usual positi(jn, hut 
the low'er fragment is drawm outwards low'ards the radius by the Pronator cpjadratus. 


Fig. 539. — Fracture of the shaft of the radius. 



Fig. 540. — Fracture of the lower end of the radius. 



producing a well-marked depression at the. seat of fracture, and some fulness on the dorsal 
and palmar surfatJt'S of the forearm. The fracture is easily reduced by extension from the 
wTisl and forearm. The forearm should be flexed, and placed in a position midw^ay 
between jnonalion and supination, and well-padded splints applied from the elbow to 
the ends of tlu; lingers. 

In fracture of tlic shafts of the radius and ulna together , the lower fragments are drawn 
upwards, sometimih lor wards, sometimes backwards, according to the direction of the 
fracture, by the combined actions of the Flexor and Extensor muscles, producing a degree 
of fulness on tin; dorsal or palmar surface of the forearm. At the same time the lower 
fragments are drawn into contact by the Pronator quadratus, the radius being in a state 
of donation. The upper fragment of the radius is drawn upwards and inwards by the 
Biceps and Pronator teres to a higher level than the ulna ; the upper portion of the 
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ulna is slightly elevated by the Brachialis anticus. The fracture may be reduced by 
exti^nsion from the wrist and elbow, and the forearm should be placed in the same position 
as in fracture of the ulna. 

In fracture of the lower end of the radius (fig. 540) the displacement produced is 
very considerable, and bears some resemblance to dislocation of the carpus book wards, 
from which it should bo carefully distinguished. The lower fragment is displaced back- 
wards and upwards, but this displacement is due to the force of the blow driving the 
portion of the bone into this position, and not to any muscular influence. The upper frag- 
ment projects forwards, often lacerating the substance of the Pronator, quadrat us, and 
is drawn by this muscle into close contact with the lower end of tho^ ulna, causing a 
])rojection on the anterior surface of the forearm, immediately above the carpus, from the 
Flexor tendons being thrust forwards. This fracture may be distinguished from disloca- 
tion by the relative [lositions of the styloid processes of the radius and ulna, the former 
of which is displaced upwards in fracture, and by the deformity being removed on making 
suflicient extension, when crepitus may be oc^casionally detected. I’he age of the patient 
will assist in determining whether the injury is fracture or separation of the ei)iphy8is. 
The treatment consists in flexing the forearm, and making powerful extension from the 
wrist and elbow, depressing at the same time the radial side of the hand, and retaining 
the ])arls in that position by well-padded pistol-shaped splints. 


MUSOLES AND FASCIJE OF TJIE LOWER EXTREMITY 


The muscles of tlic lower (‘xtreniily arc subdivided into groups, oorre.spoiid- 
ing uitli tlio different regions of the limb. 


1. Rkoion 

i’soas magnus. 
Psoas parvus. 
Tliacus. 


11, 'riiKJii 

1. A ni( ri<ir Femoral Feyiot). 
TiMisor fasciie fcanoris. 
iSartoi’ius. 
j Reel us femoris. 
Quadriceps Vastus ('xlc^rnus. 
extensor Vastus interims. 

' ( Vureus. 

Subcruieus. 


ITT. Lec; 

5. Anterior Tilno-fihdlar 
Itequm. 

Tibialis antiems. 

Extensor proprius liallueis. 

Fx tensor longus digit orum. 
PcroiK'US tertins. 

G. Posterior Tihio-fihular Begion 
Snperjirial Layer, 

({aslroeiieinius. 

Soleus. 

Plantaris. 


Internal Femoral Begion. 

( Jracilis. 

IVctiiK'Us. 

AddiKdoi- longus. 
Adductor brevis. 
Adductoi' magnus. 

3. Ghiical Begion. 

Gluteus maxi mils. 
Gluteus medius. 
(jlluteus minimus. 
Pyriformis. 

Obturator interims. 
Gemellus superioi*. 
Gemellus infc'rior. 
Quadrat us femoris. 
.Obturator externus. 


Deep Layer, 
l^opliteus. 

Flexor longus hallucis. 
Flexor longus digit orum. 
Tibialis postieus. 

7. Fibvlar Begion, 

Peroneus longus. 

Peroneiis brevis. 

IV. Foot 

8. Dorsal Region, 
Extensor brevis digitorum. 

9. Plantar Region, 


4. Posterior Femoral Region, 
rsiceps. 

Semitendinosus. 
Semimembranosus. 


Hamstring 

muscles 


First Layer, 

Abductor hallucis. 

Flexor brevis digitorum. 
Abductor minimi digiti. 

o o 2 
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Second Layer, 

Flexor accessorius. 
Lumbricales. 


Adductor obliquus hallucis. 
Adductor transversus hallucis. 
Flexor brevis minimi digiti. 


Third Layer. 
Flexor brevis hallucis. 


Fourth Layer. 

Interossei. 


I. Muscles anu Fasciae ov the Iliac Regiox (fig. 542) 

Psoas magnus. Psoas parvus. Iliacus. 

TJie fascia covering the Psoas and Iliacus is the layer which lines the 
back part of the abdominal cavity. It is thin above, and becomes gradually 
thicker below as it approaches Poupart's lignmcnt. 

The portion covering the Psoas is thickciu^d above to form the ligamentum 
arouatum internum, whioli stretches from the transverse process of the first 
lumbar vertebra to the body of the second ; internally, it is atta(?hod by a 
series of arched processes to the intervertebral discs, and prominent margins 
of the bodies of the vci’tebrae, and to the upper part of tlu; sacrum ; the 
intervals left, opposite the constricted j)ortions of the bodies, transmit 
the lumbar arteries and veins and filaments of the sympathetic cord. 
Externally, above the crest of the ilium, this portion of tlic fascia is con- 
tinuous with the anterior lamella of tlie lumbar fascia covering the front of 
the"*Quadratus lumborum (se*e page 493), but below <ho crest of the ilium it is 
continuous with tlu^ fascia covering tlio Iliacus. 

The portion investing the Iliacus (fascia ilia.(;a) is connected, cxtcwnally, to 
the whole length of the inner border of the crest of- (he ilium ; and internally, 
to the brim of the true jalvis, wliero it is continuous Avitli the periosteum. 
At the ilio- pectineal eminence it receives tiic tendon of insertion of the 
Psoas parvus, when that muscle exists. External to the femoral vessels, this 
fas(*ia is intimately connected to the ])Osterior margin of Poupart’s ligament, 
and is (jontinuous vith the fascia tiansversalis. Immediately to the outer 
side of the femoral vessels the fascia iliaca is prolonged backwards and inwards 
from Poupart’s ligament as a band, the ilio-pcrlineal ligatnejif, which is attached 
to the ilio-])cctiucal eminence. This ligament divides the space between 
Poupart’s ligament and the innominate bone into twaj parts, the inner of 
which transmits the femoral vessels, the outer the llio-psoas and the anterior 
crural nerve (fig. 444). Internal to the vessels the iliac fascia is attached to 
the ilio-pcctineal line behind the conjoined tendon, where it is again continuous 
with the fascia transversalis ; where the external iliac vessels j)ass into the 
thigh, the fascia descends behind them forming the posterior wall of the 
femoral sheath. The 25ortion of the iliac fascia whicli passes behind the 
femoral vessels is also attached to the ilio-pectineal line beyond the limits of 
the attacJiment of the conjoined tendon ,* at this part it is continuous with 
the pubic portion of the fascia lata of the thigh. The external iliac vessels 
lie in front of the iliac fascia, but all the branches of tlie lumbar jdexus arc 
behind it ; it is separated from the peritoneum by a quantity of loose 
areolar tissue. 

The Psoas magnus (m. psoas major) (fig. 542) is a long fusiform muscle 
l)laced on the side of the lumbar region of the vertebral column and brim of the 
pelvis. It arises tl) from the anterior surfaces of the bases and lower borders 
of the transverse processes of all the lumbar vertebrae ; (2) from the sides of the 
bodi(‘s and the corresponding intervertebral discs of the last thoracic and all the 
lumbar vertebra? by five slips, each of which is attached to the adjacent u^iper 
and lower margins of two vertebrae, and to the intervertebral disc ; (3) from 
a series of tendinous arches wdiich extend across the constricted parts of the 
bodies of all tin- lumbar vertebrae between the previous slips ; the lumbar 
arteries and veins and filaments of the sympathetic? cord jjass beneath these 
tendinous arches. The muscle proceeds downwards across the brim of the 
pelvis, and, diminishirig gradually in size, passes beneath Poupart’s ligament, 
and terminates in a tendon, which, after receiving nearly the whole of the 
fibres of the Iliacus, is inserted into the lesser trochanter of the femur. 
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Relations. — In the abdomen the Psoas magnus is in relation by its anterior surface 
with the ligamentum arcuatum internum, the fascia covering the musole, ,the extra- 
peritoneal fat and peritoneum, the kidney. Psoas parvus, renal vessels, ureter, spermatic 
vessels, and genito-crural nerve. In front of the right Psoas is the inferior vena cava and 
the terminal portion of the ileum, and in front of the loft the ilio-polvio colon. By its 
posterior surface it is in relation with the transverse processes of the lumbar vertebrie, 
and the Quadratus lumborum from which it is sopara.ted by the anterior lamella of the 
lumbar fascia. '^Phe lumbar plexus is situated in the posterior part of the substance 
of the muscle. By its inner side, the muscle is in relation with the - bodies of the 
lumbar vortebrje, the lumbar arteries, the gangliated cord of the sympathetic, and the 
lumbar glands ; with the vena cava inferior on the right, and the aorta on the left side, 
and along the brim of the pelvis with the external iliac artery. 

In the thigh it is in relation, in front, with the fascia lata ; behind, with the capsular 
ligament of ^e hip, from wiiich it is separated by a synovial bursa which frequently 
communicates with the cavity of the joint through an opening of variable size ; by its 
inner border, with the Pectimnis and internal circumflex artery, and also with the 
femoral artery, which slightly overlaps it ; by its outer border, with the anterior crural 
nerve and Iliacus. 

The Psoas parvus (m. i^soas minor) is a loiig slender muscle, placed in 
front of the Psoas magnus. It arises from the sides of the bodies of the 
last thoracic and first lumbar vertc’sbrae .‘ind from the intervertebral disc 
between them. It forms a small museuhir bundle, which ends in a long flat 
tendon, inserted into the ilio-pectineal lino and eminence, and, by its outer 
bord(‘r, into the fascua iliaca. This muselc is often absent, and sometimes 
double. 

The Iliaqus i s a flat, triangular muscle, wbicli fills up the wliole of the 
iliac fossa. R ar i s(^s from the upper two-thirds of this fossa, and from the 
inner margin of the crest of the ilium ; behind, from the anterior sacro-iliac 
and the ilio-lumbar ligaments, and base of tl)e sacrum ; in front, it reaches as 
far as the anterior superior and anterior inferior spinous processes of the 
ilium, and tJie notch between tliern. The fibres converge to be inserted into 
the outer side of the iendon of the Psoas, some of them being prolonged on to 
the shaft of the femur for about an inch below and in front of the lesser 
trochanter.* 

Relations. — Within the abdomen the IliacuH is in relation by its anterior surface with 
the ilia(5 fascia, whidi separates the muscle from the oxtra-poritoneal fat and peritoneum, 
and with the external cutaneous nerve ; on the right side, Avith the ciccum ; on the left 
side, with the iliac; colon ; by its posterior surfa>ce, with the iliae fossa ; by its inner border, 
with the Psoas magnus, and anterior crural nerve 

In the tliigh, it is in relation, by its anterior sur face, with the fascia lata, Rectus, 
Sartorius, and ])rofunda fomoris artery ; behind, with the capsule of the hip-joint, a 
synovial bursa common to it and tlie Psoas magnus being interposed. 

Nerves. — The Psoas magnus is supplied by branches of the second and third 
lumbar nerves ; the Psoas parvus by a branch of the first lumbar nerve ; and the' 
Iliacus by branches of the second and third hmibar nerves through the anterior 
crural. 

Actions. — The*rsoas, acting from above, flexes the thigh upon the ^pelvis, 
being assisted by the Iliacus ; acting from below", with the femur fixed, the Psoas 
bends the lumbar portion of the vertebral column forwards and to its own side, 
and then, in conjunction wdth the Iliacus, tilts the pelvis forwards. When the 
muscles of both sides are acting from Inflow, they serve to maintain the erect 
posture, by supporting the vertebral column and pelvis upon the femora, or in 
continued action bend the trunk and pehds forwards, as in raising the trunk from 
the recumbent posture. 

The Psoas parvus is a tensor of the iliac fascia. 

Applied Anatomy. — There is no definite septum between the portions of fascia 
covering the Psoas and Iliacus respectively, and the fascia is only connected to the 
subjacent muscles by a quantity of loose comiective tissue. When an abscess forms 
beneath this fascia, as it is very apt to do, the matter is contained in an ossoo-fibrous 
cavity which is closed on all sides within the abdomen, and is open only at its lower part, 
where the fascia is prolonged over the muscle into the thigh. 

* The Psoas and Iliacus are sometimes regardctl as a single muscle, the Ilio-psoas, having 
two heads of origin and a single insertion. 
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Abscess within the sheath of the Psoas muscle (psoas abscess) is generally due to 
tuberculous caries of the bodies of the lower thoracic or the lumbar vertebra). When the 
disease is in the thoracio region, the matter tracks down the posterior mediastinum, in front 
of the bodies of the vertebric, and, passing beneath the ligamentum arcuatum internum, 
enters the sheath of the Psoas muscle, down which it travels as far as the pelvic brim ; 
it then gets beneath the iliac portion of the fascia, and fills up the iliac fossa. In con- 
sequence of the attachment of the fascia to the pelvic brim, it rai-ely finds its way into the 
pelvis, but passes by a narrow opening under Poupart's ligament into the thigh, to the 
outer side of the femoral vessels. It thus follows that a psoas abscess may bo described 
as consisting of four parts : (1) a somewhat narrow channel at its upper part, in the psoas 
sheath ; (2) a dilated sac in the iliac fossa ; (3) a constricted neck under Poiii)art’s 
ligament ; and (4) a dilated sac in the upi»er part of the thigh. W'^hen the lumbar 
vertebrae are the seat of the disease, the matter finds its way directly into the substance 
of the Psoas. The muscular fibres are destroyed, and the neiwcs contained in the 
abscess are isolated and exposed in its interior ; the iliac vessels which lie in front of 
the fascia remain intact, and the i^eritoneum seldom becomes implicated. All psoas 
abscesses do not, how'evor, pursue this course : the matter may leave the sheath of the 
muscle above the crest of the ilium, and tra(*king backwards may point in the Join 
(lumbar abscess) ; or it may point above J^oupart’s ligament in the inguinal region ; or it 
may follow the course of the iliac vessels imo tlui jiclvis, and, passing through the great 
sacro-sciatic notch, discharge itself on the back of the thigh. 

II. Muscles and Fascia of the Tiiicni 
1. A nferior Femoral liegion (figs. 541, 542) 

j Rectus femoris. 

Tensor fascidQ femoris. Quadriceps Vastus externiis. 

SartoriuB. extensor 1 Vastus interims. 

ICrureus. 

Suberureus. 

. The superficial fascia forms a continuous layer over the whole of tJic 
thigh ; it consists of areolar tissue, containing in its meshes muvh fat, and 
is capable of being separated into two or more layers, between wliieh are 
found the superficial vessels and nerves. It ^’^aries in tliiekn(‘ss in different 
jiarts of the limb ; in the groin it is thick, and the two layers are separat«‘d 
fi'om one another by superficial inguinal lympliatic glands, the internal 
saplieiious vein, and several smaller vessels. One of thest-! two layers, the 
superfieial, is continuous above with the superfieial faseia of tlie abdomen. 
The deep layer of tlie superficial fascia js a very thin, fibrous layer, best marked 
on the inner side of the long saphenous vein and beloi\' Poupart’s ligament. 
It is placed beneath the subcutaneous vessels and nerves and upon tiie surfa(;o 
of the fascia lata. It is intimately adherent to tlic faseia lata a little below- 
Poiipart’s ligament. It covers the saplieiious opening in tlie fascia lata, 
being closely united to its circumference, and is connected to the slieatli of 
the femoral vessels. The portion of fasc ia covering this aiierture is perforated 
by the internal saphenous vein and by numerous blood and lymphatic vessels, 
hence it lias been termed the cribriform fascia, the openings, for these vessels 
having been likened to the lioh\s in a sieve. A large subcutaneous bursa is 
found in the sufierficial fascia over the patella. 

The deep fascia of the tliigh is named, from its great extent, tlie fascia 
lata ; it constitutes a uniform investment for the wliole of this region of the 
limb, hut varies in thick ri(*ss in different x>arts. Tfius, it is thicker in the upjier 
and outer part of the tliigh, where it receives a fibrous expansion from the 
(:Jluleus maximus muscle, and where the Tensor fasciae femoris is inserted 
between its layers : it is very thin behind and at the upper and inner part, 
where it (‘overs the Adductor muscles, and again becomes stronger around 
the knee, i-ee.eiving fibrous exiiansions from the tendon of the Biceps externally, 
from the Sai l uiuis internally, and from the Quadriceps extensor cruris in front. 
The fascia lata is attached, above and behind, to the back of the sacrum 
and coccyx ; (‘xternally, to the crest of the ilium ; in front, to Poupart’s 
ligament, and to the body of the pubis ; and internally, to the descending 
ramus of the pubis, to tlie ramus and tuberosity of the ischium, and to 
the lower border of the great saero-sciatic ligament. From its attachment 
to the crest of the ilium it passes down over the Gluteus medius to the 
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upper border of the Gluteus maximus, where it splits into two layers, one 
passing superficial to and tlui other beneath this muscle ; at the lower border 
of the muscle the two layers reunite. Externally, the fascia lata receives the 
greater part of the tendon of insertion of the Gluteus maximus, and becomes 
proportionately thickened. The portion of the fascia lata attached to the 
frmit part of the crest of the ilium, and corresponding to the origin of the 
Tensor fasciae fern oris, jjasses down the outer side of the thigh as two layers, 
one supei’ficial to and the other beneath this muscle ; these at the lo\ver end 
of the muscle l)econie blended together into a thick and strong band, having 
first received the insertion of the muscle. This band is continued downwards, 
under the name of the ilio-fihial hand^ to be inserted into the ext(‘rnal tuberosity 
of the tibia. The part of th(‘ ilio-tibial band which lies beneath the Tensor 
fascia? fenioris is prolonged u])wards to the capsuh' of the hip, with the outer 


Fjo. 541 .— The saphenous opening. 



part of w hich it becomes continuous. Below, the fascia lata is attached to 
aU the prominent points around the knee-joint, viz. the condyles of the femur, 
tuberosities of the tibia, and hmd of the fibula. On either side of the patella 
it is strengthened by transverse fibres given off from the lower part of the 
Vastus muscles, which are attached to and support tliis bone. Of these the 
outer are the stronger, and are continuous with the ilio-tibial band. From the 
inner surface of the fascia lata are given off two strong intermuscular septa, 
which arc attached to the whole length of the linea aspera and its prolonga- 
tions above and below : the external and stronger one, which extends from the 
insertion of the Gluteus maximus to the outer condyle, separates the Vastus 
externus in front from the short head of the Biceps behind, and gives partial 
origin to these muscles ; the inner one, the thinner of the two, separates the 
Vastus internus from the Adductor and Pectineus muscles. Besides these 
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there are numerous smaller septa, separating the individual muscles, and 
enclosing eaoli in a distinct shcatli. 

The saphenous opening (fig. 541). — At the upper and inner part of the 
thigh, a little below the inner end of Poupart’s ligament, is a large oval-shaped 
aperture in the fascia lata; it transmits the internal saphenous vein, and other 
smaller vessels, and is termed the saphenaus opening. The cribriform fascia, 
which is pierced by the structures passing through the opening, closes the 
aperture and must be removed to expose it. The fascia lata in this part of 
the thigh is described as consistijig of an iliac and a pubic portion. 

The iliac portion of the fasciia lata is the part on the jputcr side of the 
saphenous opening. It is attached, externally, to the crest and anterior 
superior spine of the ilium and to the whole length of Poupart’s ligament, and 
to the pectineal line in conjunction with Gimbernat’s ligament. From the 
s})ine of the pubis it is n^flected doAvnwards and outwards, forming an arched 
margin, \\\q. falciform process^ or boundary of tlu' saphenous opening; this 
margin overlies and is adherent to the anterior layer of the sheatli of the 
femoral vessels : to its edge is attached the eribrihu’m fascia. 'Phe upward and 
inward prolongation of the falciform process is naiiied the superior cornu : 
its downward and inward prolongation, the inferior cornu. Tlu‘ latter is well 
defined, and is continuous beliind the sa})h(‘nous vein with the pubic portion 
of tile fascia lata. 

The puhic portion is situated on the inner side of the sa]))i('nous o])ening ; 
at the lower margin of this a])ertur(5 it is continuous watli tJie iliac jiortion; 
traced upw^ards, it covers tlu* Pcctineus, Adductor longus, and (ilraeilis 
muscles, and, jiassing behind the sheath of the femoral vessels, to which it 
is closely united, is continuous witli the fascia iliaca, and is attached to tlie 
ilio- pectineal line. From this descrijition it may be observed Unit tlu» iliac* 
portion of the fascia lata lies in front of tlu^ femoral vessels, and th(' pubu^ 
portion behind them, so tluit an a])par(Mit aperture exists l)(‘tw'cen the two, 
through w'liich the internal saplienous j)asses to join the femoral vein. 

'Phe Tensor fasciae femoris (m. tensor fasciie latae) arises from the anterior 
part of the outer lijJ of the crc'st of tlie ilium; from the outcj* surface of the 
ant(Tior superior spine, and jiart of the outer bonier of the notch b(‘low' 
it, betw'(*cn the Gluteus medius and Sartorius; and from the inner surface 
of tlu‘ fascia lata. It is inserted between the two layers of the ilio-tibial band 
of the fascia lata about the junction of the middle and uriricr tliirds of the 
tliigh. 

1’he Sartorius, the longest musch^ in the body, is flat, narrow^ and ribbon- 
like ; it arises by tendinous fibres from the anterior sujierior spine of the 
ilium and tlie upper half of the notcli below" it. It ])asses obliquely across 
the upper and anterior jiart of the thigli, from the outer to tlu* inner side 
of the limb, then descends vertically, as far as the inner side of the Iviiee, 
passing behind the inner condyle of tlu^ femur to end in a tendon. This 
curves obliquely foiwards and expands into a broad aponeurosis, which is 
inserted, in front of the (h’acilis and Semitendinosus, into the upper part of 
the inner surface of the shaft of tlu^ tibia, nearly as far forwards as the crest. 
Th(^ upper part of the ajjoneurosis is curved backwards over the u])per edge 
of the tendon of the Gracilis so as to b(‘ inserted behind it. An offset, derived 
from its up])cr margin, blends with the capsule of the knee-joint, and another, 
gi\'('n off from its lower border, blends with tin? fascia on the inner side of 
th(‘ leg. 

The relations of this muscle to tlio femoral artery should bo ca,rofnlly examined, as it 
constitutes the chief guide in tying the vessel. In the; upper third of the thigh it forms 
tlie outer side of a triangular spa(;e, Scar pi's triangle^ the inner side of which is formed 
by the inner hordri of the Adductor longus, and the base, turned uiiwards, by Poupart’s 
ligament ; the Icrnoral artery passes perpendicularly through the middle of this space 
from its liasc tf) jipcx. In the middle third of the thigh, the femoral artery is contained 
in Hunter’s canal, on ilu' roof of which lies the Sartorius. 

The Quadriceps extensor (m. quadriceps femoris) includes the four 
remaining muscles on the front of the thigh. It is the great extemsor 
muscle of the leg, forming a large fleshy mass, which covers the front and 
sides of the femur, being united bolow' into a tendon, attached to the patella, 
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and above, subdivided into separate portions, which have received distinct 
names. Of these, one occupying the middle of the thigh, and connected above 
with the ilium, is called the Rectus femoris, from its straight course. The 
other divisions lie in immediate connection witli the shaft of the femur, which 
they cover from the trochanters to the condyles. The portion on the outer 
side of the femur is termed the Vastus exlernus \ that ec^ermg ^e^mnor 
side, tJie Vastus internus ; and that in front, the "A 

The Rectus femoris is situated in the middle of the anterior region of the 
thigh ; it is fusiform in shape, and its superficial fibn'S are arranged in a bipcimi- 
form manner, tli^eep fibres running straight down to the deep aponeurosis. 
It arises by two tendons : one, the anterior or straiglit, from the anterior 
inferioi* spine of the ilium ; the other, the posterior or reflected tendon, 
from a groove above tlie brim of the acetabulum. The two unite at 
an acute angle, and spread into an aponeurosis whicli is prolonged down- 
wards on th(j anterior surface of the muscle, and fiom tliis tlie muscular 
fibres arise. The muscle terminates in a broad and thick aponeurosis, which 
occupies tJi(' lower tv o-thirds of its postt^rior surface*, and, gradually becoming 
narrowed into a llattened tendon, is inserted into the patella in common with 
the V^asti and (Vureus. 

TJic Vastus externus (m. vastus latcraJs) is the largest part of the Quad- 
ri(‘eps extensor. It arises by a broad aponeurosis, wliieli is attached to the upper 
part of the anterior intc^rtroi-hanteric line, to th(‘ ant(‘rior and inh'rior border 
• of llie root ot the great tro(;hanter. to the outer li[) of the gluteal ridg(*., and 
to the upp(T half of tlic outcT li]) of the linea taspera : tliis aponeurosis covers 
the u[>per three-fourtJis of the muscle, and from its inner surface many fibres 
take oiigin. A fe\N' additional fibres arise from the tc^ndon of the Gluteus 
maxiinus, and from th(» external iiitin’inuseiilMr septum between the Vastus 
externus and short head of the i5ic(‘ps. ^Ihe fibres form a large flesliy mass, 
wliieli is attached to a strong aponeurosis, placed on the under surface of 
the muscle at its lo\\'er jiart : this bec^omes contracted and thickened into 
a flat tendon inserted into tlie outer border of tlu^ fiati^lla, blending with 
th(5 Quadriceps extensor tendon, and giving an exjiansion to the capsule of 
the knee-joint. 

The Vastus internus and Crureus appear to be inseparably united, 
but when the Ih^etus hunoiis has been ndk^cted a narrow inteival wdll be 
observed extending upwards from the inner border of the iiatella between 
tlie t wo mus(;les. Here tla^y can be separat(*d, and the separation may be 
continued upwards as far as the low(‘r jiart of the anterior intertrochanteric 
line, where, howeveu*, the two muscles are fixupiently continuous. 

The Vastus internus (m. vastus rnedialis) ajisivs from the lower half of 
the anterior intcrtj’ochanteric. line, the spiral line, the inner lip of the linea 
e^pera, the u])pcr part of the internal supracondylar line, the tendons of 
the Adduetfir longus and Adductor magnus and the internal intiwmuscular 
s(‘ptum. Its fibres are direct'd downwards and forwards, and are (diiefly 
attached to an aponeurosis wliieli lies on the deep surface of tlie muscle and 
is inserted into the inner border of tlu^ patella and tlui Quadriceps extensor 
tendon, an expansion being sent to the capsule of tlie knee-joint. 

The Crureus (m. vastus intermedins) arises from the front and outer 
aspect of the sliaft of the femur in its ujiper two-thirds and from the low^er 
part of tlie external intermuscular septum. Its fibres end in a supOT’fioial 
aponeurosis, wliieli forms the deep part of tlie Quadriceps extensor tendon. 

The tendons of the different jiortions of the (iuadi’ie(*ps extensor unite 
at the lower part of tlie thigh, so as to form a singh* strong tendon, wdiieh is 
ins(u*ted into tlie upper part of the patella, some few’ fibres passing over it 
to blend with the ligamcntum patella*. More properly, the patella may be 
regarded as a sesamoid bone, developed in the* tendon of the Quadriceps ; 
and the ligamentum patelhe, which is continued from the low^er piirt of the 
patella to the tuberosity of the tibia, as the proper tendon of insertion of the 
muscle, the lateral patellar ligamcilts (see page *130) being fascial expansions 
from its borders. A synovial bursa, which usually eommunieates with the 
cavity of the knee-joint, is situated between the femur and tlie jiortioii of 
the Quadriceps extensor tendon above tlie patella ; anothcT is intei|)osed 
between the tendon and the upjier part of the front of the tibia ; and a third, 
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Fig. 542. — ^Muscles of the iliac and 
anterior femoral regions. 



the pre-patdlar bursa, is placed over the 
patella itself. The last often becomes en- 
larged, constituting ‘ housemaid’s knee.’ 

The fiuhrruren^ ^in . artieularis genu) 
is a small muscle, usually distinct from 
the Cvureus. hut occasionally blended with 
it, which arises from tho anterior surface 
of the lower part of the shaft of the. femur, 
and is inserted into the upper ])art of the 
synovial membrane of tjj.c knee-joint. It 
.sometimes consists of several sejiai’ate 
muscular bundles. 

Nerves. — Tlie Tensor fasciro femoris is 
8 iip 2 )lii*d by the fourth and fifth lumbar and 
first sacral nerves through the superior 
gluteal nerve; the other muscles of this 
reguni, hy the second, third, and fourth 
lumbar nerves, through branches of the 
anterior crural. 

Actions. — The Tensor fascim femoris is 
a tensor of tlu^ fascia lata ; continuing its 
action, the ohlicjue direction of its filu-es 
enables it to abduct the thigh and to rotate 
it inwards. In the er(‘ct posture, acting 
from below, it will serve to steady the pelvis 
upon the head of tin', femur ; and by means 
of the ilio-tibial band it 8t(5adi(*,s tho con- 
dyles of the femur on the articular surfaces 
of th(‘, tibia, and assists tlie Gluteus maximus 
in sup])orting the knee in the extended jmsi- 
tion. The Sartorius flexes th(^ leg U 2 )on tho 
thmh, and, continuing to act, flexes the 
thigli upon the pelvis ; it next abducts and 
rotates the thigh outwards. It was formerly 
supposed to adduct tin', thigh, so as to cross 
one leg over tlie other, as in the squatting 
position, and hence received its name of 
Sartorius, or tailor’s muscle. AVheii the 
knee is bent, the. Sartorius assists the .Semi- 
tendinosus, Semimembranosus, and Popli- 
tcus m rotating the tibia inwards. Taking 
its fixed point from the leg, it flexes the 
pelvis upon the thigh, and, if one muscle 
arts, assists in rotating the pelvis. The 
(Quadriceps extensor extends tlui leg upon 
the tliigli. The Rectus ^ muscle assists the 
Psoas and Tliacus in supporting the jielvis 
and trunk upoji tin', femur. It also assi.st8 
in flexing tlic thigh on the pelvis, or if the 
thigh be fixed it will flex the pelvis. The 
A'astus internus draw.s the patella inwards as 
well as upwards. 


Applied Anatomy. — A few fibres of tho 
Rcetus muscle are occasionally ruptured from 
severe strain. This accident is esiiecially liable 
to occur during the games of football and 
cricket, and is sometimes known as ‘ cricket 
thigh.’ The patient experiences a sudden pain 
in the part, as if he had been struck, and the 
Rectus muscle stands out and is felt to be tense 
and rigid. The accident is often followed by 
considerable swelling from inflammatory effu- 
sion. Occasionally the Quadriceps extensor 
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may be tom away from its insertion into the patella ; or the tendon of the patella 
may bo ruptured about an inch above the bone. This accident is caused in the same 
manner as fracture of the patella by muscular action, viz. by a violent muscular effort 
to prevent falling while the knee is in a position of somiflexion. A distinct gap can 
be felt above the patella, and, owing to the retraction of the muscular fibres, union may 
fail to take place. 


2. Internal Femoral Region 

Gracilis. Adductor longus. 

Pectineus. Adductor brevis. 

* Adductor magiius. 

The Gracilis (figs. 542, 544) is the most superficial muscle on the inner 
side of the thigh. It is thin and flattened, broad above, narrow and tapering 
below'. It arises by a thin aponeurosis from the anterior margins of the low er 
half of the symphysis pubis and the upper half of the pubic arch. The fibres 
run vertically do\vnwards, and terminate in a rounded tendon, which passes 
behind the internal condyle of the femur, t^iid, curving round the inner tubero- 
sity of tlic tibia, becomes flatUmed, and is inserted into the* upper part of the 
inner surface of the shaft of tibia, be !ow' the tuberosity. A few of the 
fibres of the low’er part of the tendon are prolonged into the deep fascia of 
tli(‘ leg. At its insertion the tendon is situated immediately above that of 
the Sernitendinosus, and its upper edge is overlapped by the tendon of the 
Sartorius, witli which it is in part blended. As it passes across th(i internal 
lateral ligament of the knee-joint, it is separated from it by a synovial bursa 
common to it and the 8emitendinosus. 

The Pectineus (fig. 542) is a flat, quadrangular musehs situated at the 
anterior part of the iippei* and inner aspect of llu^ thigh. It arises from the 
ilio-peetincal line, and to a slight extent from the surface of bone in front 
of it, between the pectineal eminence and s[)ine of the })ubis, and from the 
fascia covering the anterior surface of the muscle ; the fibres pass downw^ards, 
backwards, and outw ards, to be inserted into a rough line leading from the 
small trochanter to the linea aspera. 

Relations. — It is in relation Ijy its anterior surface with ttie puhio portion of the 
fascia lata, wliich separates it from the tcmoral vessels and internal sajihenous vein ; l)V 
its posterior surface, M'ith the capsular ligament of the hip-joint and tho Adductor brevis 
and Obturator extern us muscles, the obturator vessels and nerve being interposed ; by 
its outer border, v itli the Tsoas, a cellular interval separatin" them, through which pass 
the iiiteriuil eireumtlcx vessels ; by its inner border, with the margin of the Adductor 
longus. 

The Adductor long’US (fig. 543), the most siiperfieial of the three Adduc- 
tors, is a flat, triangular muscle, lying in the same plane as the Pectineus. It 
arises by ii flat, narrow timdon, from tlie fj-oiit of the pubis, at tlie angle of 
junction of the crest wdtii the sympliysis ; and soon (expands into a broad 
fiesJiy belly. Tliw passes dowmwards, backw^ards, and outw^ards, and is inserted, 
by an aponeurosis, into tlie linea aspera, between the Vastus internus and 
tlie Adductor magnus, with both of wdiieh it is usually blended. 

. ^ Relations. — It is in relation by its anterior surface with the/fascia lata, the Sartorius, 
and, near its insertion, with tho femoral artery and vein ; by its 'posterior surface, with 
the Addiictores brevis et magnus, the anterior division of the obturator nerve, and near 
its insertion with the profunda artery and vein ; by its outer border, with the Pectineus ; 
by its inner hordet', wdth the (Iraeilis. 


The Adductor brevis (fig. 543) is situated immediately behind the two 
preceding muscles. It is somewhat triangular in form, and arises by a narrow' 
origin from tho outer surface of the body and descending ramus of the pubis, 
between tho Gracilis and Obturator externus. Its fibres, passing backw’ards, 
outwards, and downw'ards, are inserted, by an aponeurosis, into the line 
leading from the small trochanter to the linea aspera and into the upper part 
of the linea aspera, immediately behind the Pectineus and uppiu* part of the 
Adductor longus. 
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Relations.— It is in i-elalion by its anUrior mr/acv with the Pectineus, Adductor 
longus, profunda femoris artery, and anterior division of the obturator nerve ; by its 

mirface, with the Adductor magnus, 
, ^ . , and posterior division of the obturator nerve; 

Fiq, 6i3. — ^Deep m^les of the internal border^ with the intern^ cir- 

femoral region. oumflex artery, the Obturator extemus, and 

conjoined tendon of the Psoas and lUaougj 
Z/J/ by its inner border^ with the Gracilis and 

('^m& Adductor magnus. It is pierced near its 

t insertion by the second or first and second 

\^|||| perforating branches of the profunda femoris 

^^4 The Adductor mag'nus (fig. 543) 

Vm X is a largo triangular muscle, forming a 

septum bolween the muscles on the 

jfflpr ‘ « inner and those on the back of the 

thigh. It arises from a small part of 
gli ' descending ramus of the jiiibis, from 

/. f ramus of the ischium, and from the 

Vf' ' ^ outer margin of the inferior ])art of the 

^ y tuberosity’ of the iscliium. Tliose fibres 

( W ^ i I arise from the ramus of tlie pubis 

/ jj rjjm are very short, horizontal in direction. 

K, , and are inserted into the rough line 

leading from the great trochanter to 
Y I linea aspera, internal to the Gluteus 
\ maximus ; those from the ramus of th(‘ 

\ iscliium are direct (‘d downwards and 

outuards with dilVcrent degrees of 
obliquity, to be iTisei ted, by means of a 
^'1 im broad aponeurosis, into the linea aspera 

< nnd tlie iqiper part of its internal pro- 

loiigation below. 7'lie internal ])ortiori 
1 tlie muscle, eomposc^d principally of 

1 '■I'' fibres arising from the tuberosity of 

1 the iscliium, forms a thick fle^shy mass 

I ' consisting of coarse bundles which 
1 descend almost vertically, and tcr- 

1 I’ciii « minate about the lower third of tlie 
\ rm thigh in a rounded tendon, which is 

1 inserted into the adductor tubercle on 

I inner condyle of the femur, and is 

\ connected by a fibrous expansion to 

\ heading upwards from the 

\ isfe/ //^ ' //f tub<‘relc to the linea aspera. At the 

\ insertion of the muscle, a series of 

\ I osseo-a})oneurotie openings, formed by 

\ f r If tendinous arches attached to the bone, 

\ P I seen. Tlu^ upi>cir four openings arc 

\ la^i !r small, and give passage to the per- 

\ 'mflir'' forating branches of the profunda 

femoris artery. The lowest is of large 
I j size, and transmits the femoral vessels 

/ . m||| , from Hunter’s canal to the popliteal 

i I Relations. — It is in relation by its amterioi' 

u - surface with -the Pectineus, Adductor 

^ brevis, Adductor longus, and the femoral 

profunda vessels and obturator nerve ; 
by its posterior surface, with the great 
sciatic nerve, the Gluteus maximus. Biceps, 
Bemitendinosus, and Semimembranosus. Its superior or shortest border lies parallel with 
the Quadratus femoris, the internal circumflex artery ])assing between them. Its 
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intnml or longest border is in relation with the Gracilis, Sartoriiis, and fascia lata. By 
its external or attached hnrder^ it is inserted into the femur, behind the Adductor brevis 
and Adductor longus which separate it from the Vastus intornus, and in front of the 
Gluteus maximus and short head of the Biceps which separate it from the Vastus 
oxternus. 

Kerves. — The three Adductor muscles and the Gracilis are supplied ;by the • 
third and fourth lumbar nerves through the obturator nerve ; the Adductor magnus . 
receiving an adcUtional branch from the sacral plexus through the great sciatic. . 
The Pectineus is supplied by the second, third, and fourth lumbar nerves through 
the anterior crural, and from the third lumbar by the accessory obturator when 
it exists. Occasionally it receives a branch from the obturator nerve.**^ 

Actions. — The Pectineus and three Adductors adduct the thigh powerfully ; 
they are especially used in horse exercise, the sides of the saddle being grasped 
between the knees by the contraction of these muscles. In consequence of the 
obliquity of their insertions into the linea aspera, they rotate the tliigh outwards, 
assisting the external Rotators, and when the limb has been abducted, they draw 
it inwards, carrying the thigh across that of the opposite side. The Pectineus 
and Adductores brevis et longus assist the Pf. as and Iliacus in flexing the thigh 
upon the pelvis. Tn progression, also, all these muscles assist in drawing forwards 
the lower limb. The Gracilis assists the Sartorius in fl(‘xing the leg and rotating 
it inwards ; it is also an adductor of tlui thigh. If the lower extremities be fixed, 
these muscles, taking their fixed points below, may act upon the pelvis, serving 
to maintain the body in an erect posture ; or, if llieir action be continued, flex the 
])elvis forwards upon the femur. 

Applied Anatomg . — The Adductor longus is liable to be severely strained in those 
who ride much on horseback, or its tendon may be ruptured l\v suddenly gripping the 
saddl(‘. 0(*.casionally, capeeially in cavalry soldiers, the tendon may become ossitied, 
constituting the ‘ rider’s bone.’ 


3. Gluteal Jiegwn (fig. 544) 

(fluteus rnaximus. Obturator iuteriins. 

Gluteus inedius. Gemellus superior. 

Gluteus minimus. Gemellus inferior. 

Pyriformis. Quadratus femoris. 

Obturator externus. 


The Gluteus maximus, the most sunorfieial muscle in the gluteal legion, 
is a very broad and thick fleshy mass, of a quadrilateral shape, and forms 
the proriiineiiee of the riat(*s. Its large size is one of the most eliarae- 
toristic points in tlie muscular system in man, connected as it is with tlic 
power he has of maintaining the trunk in the erect posture. In structure the 
muscle is remarlcably coarse, being made up of muscular fasciculi lying parallel 
with one another, and collected together inl^ large bundles separated by deep 
cellular intervals, ’ ■ - ' ^ " - 



and tlie fetficia (gluteal aponeurosis) covenng ffie" Gluteus 
The fibres are directed obliquely downwards and dulwarSSte"; those 
forming the upper and larger portion of the muscle, together with the super- 
ficial fibres of the low er portion, terminate in a thick tendinous lamina, which 
passes across the great trochanter, and is inserted into the fascia lata covering 
the outer side of the thigh ; the deeper fibres of the lower portion of the muscle 

^i!!- - ' to ih& linea 


* Paterson describes the Pectineus as consisting of two incompletely separated strata; 
the outer or dorsal stratum, which is constant, is supplied by a branch from the anterior 

crural nerve, or in the absence of this branch by the accessory obturator, with which it is 
intimately related ; while the inner or ventral stratum, when present, is supplied by the 
obturator nerve . — JournaX (f Anatomy and Physiology, vol. xxvi. p. 43. 
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Fig. 54 1 —Muscles of the hip and thigh. 



Tliree synovial bursas are 
usually found in relation 
M'ith the deep surface of 
this muscle. One of these, 
of large size, and generally 
multilooular, separates it 
from the great trochanter. 
A second, often wanting, is 
situated on the tuberosity of 
the ischi um . A third is found 
between the tendon of the 
muscle and that of the Vastus 
externus. 

Relations. — The Gluteus 
inaximus is in relation by its 
fiirperjlcial surjare with a thin 
fascia which separates it from 
the subcutaneous tissue; by its 
fictp surjare, from above down- 
wards. with the ilium, sacrum, 
coccyx, and great sacro-sciatic 
ligament, part of tlu^ Gluteus 
medius, IVriformis, Gcmclli, 
Obturator inU'rmis. Quadratiis 
femoris, the tuberosity of the 
ischium, great troclianter, the 
origins of the Biceps, Somi- 
tcndinosiis. Semimembranosus, 
and the Adductor maguus. The 
suj)erlicjal part of the gluteal 
art(M*y reiielies the deej) surface* 
of thi* muscle by passing between 
tile Pyriformis and the Glutens 
medius; the sciatic and iritenial 
pudie vessels a/id nerves, and 
muscular branches from tiu! sacral 
plexus, issue from the pelvis below 
the Pyriformis. 'J’he first per- 
forating artery and the terminal 
branches of the internal ciieum- 
flex artery ai'c also found under 
cover of the lower part of the 
muscle. Jts upper harder is thin, 
and coiinetjted with the Gluteus 
medius by the fascia lata. Its 
lower border is free and promi- 
nent, and is crossed by the fold 
of tht; nates. 

The Gluteus medi^ iti 

a broad, tliiCK, radiating 
musclci, situated on the outer 
surface of tlie pelvis. Its pos- 
terior third is covered by the 
Gluteus maximus, its anterior 
two-tlnrds by the faseia lata, 
which separates it from the 
superficial fascia and integu- 
ment. It arises from the 
outer surface of the ilium, 
between the superior and 
middle curved lines, and from 
the outer lip of that portion i 
of the crest which is between 
them ; it also arises from 
the dense fascia (gluteal 
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aponeurosis) covering its outer surfaqe. The fibres converge to a strong 
flattened tendon, which is inserted into the oblique ridge which runs down- 
wards and forwards on the outer surface of the great trochanter. A synovial 
bursa separates the tendon of the muscle from the surface of tlie trochanter in 
front of its insertion. 

The Gluteus minimus, the smallest of the three Glutei, is placed 
immediately beneath the preceding. It is fan-shaped, arising from the outer 
surface of the ilium, between the middle and inferior curved lines, and behind, 
from the margin of tire great sacro-sciatic notcli. The fibres converge to the 
deej) surface of a radiated aponeurosis, which, terminating in a tendon, is 
inserted into an impression on the anterior border of the great trochanter, 
and gives an expansion to the capsule of the liip-joint. A synovijil bursa is 
interposed between Ihe tendon and the great trochanter. Betu een tJie Gluteus 
medius and Gluteus minimus are the deep branches of the glul<»al vessels and 
the superior gluteal nerve. Tiie deep surfaca^ of the Gluteus minimus is in 
relation Mifh tl)(^ reflected tendon of the Kectus femoris and the capsular 
ligament of the hip-joint. 

The Pyriformis is a flat muscle, pyram'dal in sliapc. lying almost parallel 
with the [)o.stcrior margin of the Gluteus medius. It is situated partly within 
the pelvis against its posterior wall, and partly at the back of the hip-joint. 
It arises fiorn the front of tlie saerum by lleshy digitations, attnehed 

to the )>ortions of bone betw<aai the first, soeond. third, and fourtli anterior 
.sacral foramina, and also to the groovers leading from the foramina : a 
f(‘W fibres also arise from ilu^ margin of the great sacivo-seiatic foramen, and 
from the anlc'rior surfaee of the great saero-scialic ligamtail. The miisele 
passi's out of the pelvis through tlu‘ great saeio-seiatio foiamen. Hie uppei- 
part of wliieh it tills, and is msert(‘d by a rounded tendon into tlu' iqjper boi'der 
of the great trochanter, behind, hut often partly hhaidefl witli, tluj tendon 
of th(‘ Obturator iiilermis and (hmielli. 

Relations. — Within the p(4vis the Pyriionnis is in relation )»y its anterior surface with 
the rectum (especially on the left side), the sacral ])lexus of nerves, and the hranclms of 
the internal iliae vessels, and by its p tstirior surface ■\\\i\\ llie sacrum. External to the 
pelvis, its anterior surface is in contact with the posteriov siirface of the iseliiuni and 
ca])HulaT ligament of the hip-joint ; and its posterior sur fa re, with the (iliiteiis maximns ; 
its upper harder is in relation with the Gluteus medius, and the gluteal vessels and su])enor 
gluteal nerve; its lower border,, with the (Jcmelliis sii|)erior and Goccygeus. the sciatic 
vessels and nerves, tin*, internal ]mdic vessels and tk'Tvc, and muscular branches from 
the sacral plexus, passing from the ])clvis in the interval bctw't*en the two muscles. Tlu* 
inus(^le is frefjueiitly ])ierced l)y the external popliteal nci vc. 

The obturator membrane (fig. 444) is a lliin Inver of interlacing fibres, 
w'liieh almost eonijiletely closes ihc obturator foramen. It is attached, 
externally, to the margin of the I'oiamen ; internally, to tiie posterior surface 
of the ischio-j)uhie ramus, belo’sv and internal to the margin of the foramen. 
At its upper and outer part it is deficient, leaving a small canal, which is 
bounded below by a thickened band of fibre's, and gives passage to the obturator 
vessels and nerve (see. page 326). Both Obturator muscles are connected 
with this membrane. 

The Obturator internus, like ilic preceding muscle, is situated partly 
within the cavity of the pelvis, and partly at the back of the hip- joint. 11 
arises from the inner surfaee of the aiitero-lateral wall of the pelvis, where 
it surrounds the greater part of the obturator foramen, being attached to 
the descending ramus of the pubis and the ramus of the ischium, and at 
the side to the inner surface of the innominate bone beloAv and beliind the 
pelvic brim, reaching from the upper part of the great sacro-sciatie foramen 
above and beliind to tlie obturator foramen below and in front. It also arises 
from the inner surface of the obturator membrane except at its posterior 
part, from the tendinous arch which completes tlic canal for the passage of 
the obturator vessels and nerve, and to a sliglit extent from tlie obturator 
^ layer of the pelvic fascia, which covers it. The fibres converge rapidly tow aids 
the small sacro-sciatic foramen, and terminate in four or five tendinous bands, 
which are found on the dee^) surface of the muscle ; these bands are reflected 
at a right angle over the grooved surface of the ischium between its spine 
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and tuberosity. This bony surface is covered by smootn cartilage, whiclt is 
separated from the tendon by a synovial bursa, and presents one or more 
ridges corresponding with the furrows between the tendinous bands. These 
bands leave the pelvis by the small sacro-sciatic foramen and unite into a’ 
single flattened tendon, which passes horizontally outwards, and, after receiving 
the attachments of the Gemelli, is inserted into the fore part of the inner surface 
of the great trochanter in front of the l^Tiformis. A synovial bursa, narrow 
^d elongated in form, is usually found between the tendon and the capsular 
ligament of the liip : it occasionally communicates with the bursa between 
the tendon and tlie tuberosity of the ischium. 

Relations. — Within the pelvis, this muscle is in relation, by its anJterior surface, with , 
the obturator membrane and inner surface of the anterior wall of the pelvis ; by its “ 
r posterior surface, with the obturator fascia, and the origin of the Levator ani,and with the 
internal pudic vessels and nerve which cross it. The posterior surfac^e forms the outer 
boundary of the ischio-rectal fossa. External to the pelvis^ the muscle is (jovored by the 
Gluteus maximus, crossed by the great sciatic nerve, and rests on the back part of the 
hip- joint. When the tendon of the Obturator inter nus emerges from the small sacro- 
sciatic foramen it is overlapped both in front and behind by the two Gemelli which form a 
muscular canal for it ; near its insertion the Gemelli pass in front of the tendon and form a 
groove in which it lies. 

The Gemelli are two small muscular fasciculi, accessories to the tendon 
of the Obturator mternus whicli is received mto a groove between them.. 
They are called superior and inferior. 

The Gemellus superior, the smaller of the two, arises from the outer surface 
of the spine of llic ischium, and passing liorizontally outAvards becomes blended 
with the upper part of th<i tendon of the Obturator internus, and is inserted 
with it into the inner surface of th(‘. great trochaiiter. It is sometimes w anting. 

The Gemellus inferior arises fi*om the upper part of the tuberosity of the 
ischium, where it forms the lower edge of the groove for the Obturator internus 
tendon. Passing horizon talh^ outwards, ii blends with the lower part of the , 
tendon of the Obturator internus, and is inserted wdth it into the inner surface 
of the great trochanter. 

The Quadratus femorisis a flat, quadrilateral muscle, between the Ocmcllus 
inferior and the upper margin of the Adductor magnus ; it is separated from 
the latter by the terminal branches of the internal circumflt'x vessels. It 
arises from the upper part of the external lif) of the tuberosity of the ischium, 
and, proceeding horizontally outwards, is inserted into the upper part of the 
linea quadrata — that is, the line which extends vertically downwards frojU'^ 
the posterior int/crtrochantcric line. A synovial bursa is often found betw'een " 
the front of this muscle and the small trochanter w hicfli it covers. 

The Obturator externus (fig. 545) is a flat, triangular muscle, Avhich 
covers the outer surface of the anterior wall of the pelvis. It arises from the 
margin of bone immediately around th(' inner side of the obturator foramen, 
viz. from the body and ramus of the pubis, and the ramus of the ischium ; 
it also arises from tlie inner two-thirds of the outer surface of the obturator 
membrane, and from the tendinous arch wdiich cornjfletos the canal for the 
passage of the obturator vessels and nerves. The fibres fjt)m the pubic arch 
extend on to the inner surface of the bone, where they obtain a narrow 
origin between the margin of the foramen and the attachment of the mem- 
brane. The fibres converge and pass backwards, outwards, and upwards, 
and terminate in a tendon which runs across the back part of the hip- joint 
and is inserted into the digital fossa of the femur. The obturator vessels 
li(i between the muscle and the obturator membrane ; the superficial part 
of the obturator nerve reaches the thigh by passing in front of the muscle, 
and the deep branch of the same nerve by piercing it. 

Nerves. — The Gluteus maximus is supplied by the fifth lumbar and first and 
second sacral nerves through the inferior gluteal nerve from the sacral plexus ; 
the frluteus medius and minimus, by the fourth and fifth lumbar and first sacral 
nerves through the superior gluteal ; the Pyriformis is supplied by the first and 
second sacral nerves ; the Gemellus inferior and Quadratus fernoris by the last 
lumbar and first sacral nerves ; the Gemellus superior and Obturator internus by 
the first, second, and third sacral nerves, and the Obturator externus by the third 
and fourth lumbar nerves through the obturator. 
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* Actions. — The Gluteus maximus, when it takes its fixed point from the pelvis, 
extends the femur and brings the bent thigh into a line with the body. Taking 
its fixed point from below, it acts upon the pelvis, supporting it and the trunk 
upon the head of the femur ; this is especially obvious in standing on one leg. 
Its most powerful action is to cause the body to regain the erect position after 
stooping, by drawing the pelvis backwards, being assisted in tliis action by the 
Biceps, Semitendinosus, and Semimembranosus. The Gluteus maximus , is a 
tensor of the fascia lata, and by its connection with the ilio-tibial band steadies 
the femur on the articular surfaces of the tibia during standing, when the Extensor 
muscles are relaxed. The lower part of the muscle also acts as an adductor and 

Pig. 545. — Obturator externus muscle. 

! (From a preparation in the Museum of the Royal Collcgo of Surgeons of England.) 


external rotator of the limb. The Gluteus medius and minimus abduct the thigh, 
when tluj limb is (extended, and are principally called into action in supporting 
the body on one limb, in conjunction with the Tensor fasene femoris. Their anterior 
fibres, by drawing the great tioclianter forwards, rotate the thigh inwards, in 
which action they are also assisted by the Tensor fasciae femoris. The remaining 
muscles are powej*ful rotators of the thigh outwards. In the sitting posture, 
when the thigh is flexed upon the pelvis, their action as rotators ceases, and they 
become abductors, with the exception of the Obturator externus, which still rotates 
the femur outwards. 



4. Posterior Femoral Region (fig. 544) 

Biceps. Semitendinosus, Semimembranosus. 

The Biceps (m. biceps femoris) is a large muscle, of considerable length, 
situated on the posterior and outer aspect of the thigh. It has two heads 
of origin ; one, the long head (caput longum), arises from the lower and 
inner impression on the back part of the tuberosity of the ischium, by a 
tendon common to it and the Semitendinosus, and from the lower part of 
the great sacro-sciatic ligament ; the other, or short head (caput breve), 
the outer lip of the linea aspera, between the Adductor magnus and 
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Vastus externus, extending up almo^ as high as the insertion of the Gluteus 
maximus ; from the outer prolongation of the linea aspora to witliin two inches 
of the outer condyle ; and from the external intermuscular septum. The 
fibres of the long head form a fusiform belly, which passes obliquely down- 
wards and out^\'^a^ds across the great sciatic nerve to terminate in an apo- 
neurosis wliicli covers the posterior surface of the muscle, and receives the 
fibres of the sliort liead : this aponeurosis becomes gradually contracted into 
a tendon, w'hich is inserted into the outer side of the head of the fibula, and 
by a small slip into the lateral surface of the external tuberosity of the tibia. 
At its insertion the tendon divides into two portions, which embrace the 
long external lateral ligament of the knee-joint. Prom the posterior border 
of the tendon a tliin expansioji is given off to the fascia of the log. The tendon 
of this muscle forms the outer hamstring ; the external popliteal nerve descends 
along its innei* bm-der. 

The Semitendinosus, remarkable for tlie great length of its tendon, is 
situated at the posterior and inner asjM^ct of the thigh. It arises from the 
lower and inner impression on the tuberosity of the ischium, by a tendon 
common to it and the long liead of tli(‘ Biceps ; it also arises from an apo- 
neurosis whi(^h connects the adjacent surfaces of the two muscles to the extent 
of about three inches from their origin. It forms a fusiform muscle, which, 
passing downwards and inwards, te]‘minat(\s a little below the middle of the 
thigh in a long round tendon which lies along the inner side of the popliteal 
space; it then curves around the inner tuberosity of lh(‘ tibia and |)ass(\s 
over the internal lateral ligament of tlie^ knee* joint, from which it is separated 
by a bursa, and is inserted into the upper jiart of tlu^ inner surface of tluj 
shaft of the tibia, nearly as far forwards as its anterior border. At its insertion 
it gives off from its lower border a prolongation to the deep fascia of the h'g. 
This tendon lies behind the tendon of the Sartorius, and beloAV that of the 
Gracilis, to which it is united. A tendinous intersection is usually obs(‘rv(»d 
about the middle of the inuscl(\ 

1he Semimembranosus, so called from its membranous tendon of origin, 
is situated at the back part and inner side* of the thigh. It aris(‘s by a thick 
tendon from the upper and oiilc'r impression on the back part of the tuberosity 
of the ischium, above and to the outer side of the Biceps and Scunitendinosus, 
and is inserted into the groove* on the inner and back part of thi^ inner tub(*rosity 
of the tibia. Tlie tendon of the muscle at its origin expands into an apo- 
neurosis, wliietb covers tlic upj)er part of its anterior surfa(;e : from this 
aponeurosis muscular fibres arise, amt converge to another apom*urosis which 
cov^ers Die lower part of its posterior surface and contracts into the tendon 
of insertion. The tendon of insertion givers off certain fibrous ex])ansions : one 
of these, of considerable size, jkiss(‘s upwards and outwards to he insfuted into 
the back part of the outer condyle of tlie f(*mur, forming part of tlu^ ])ostcrior 
ligament of the knee-joint ; a second is continued downwards to the faseda 
whicdi covers the Popliteus muscle ; whihi a few fibres join the internal lateral 
ligament of the joint and the fascia of the leg. The mus(de overlaps the 
upper part of the poplit<;al vessels. 

Tlie tendons of the two preceding muscles form the inner'hamstrings. 

Nerves. — The muscles of this region are supplied hy the fourth and fifth 
lumbar and the first, second, and third saeral nerves through the great sciatic 
nerve. 

Actions. — The hamstring muscles flex the leg upon the thigh. When the 
knee is somitfexed, the Biceps, in consequence* of its obliepie direction downwards 
and outwards, rotates the leg slightly outwards ; and the Semitendinosus, and 
to a slight ext(*nt the Semimembranosus, rotate the leg inwards, assisting the 
Popliteus. Taking their fixed point from below, these muscles serve to support 
the pelvis upon the head of the femur, and to draw the trunk directly backwards, 
as in raising it from the stooping position or in feats of strength, when the body 
is thrown backwards in the form of an arch. As already indicated on page 427, 
complete flexion of the hip cannot be effected unless the knee-joint is also flexed, 
on account of the shortness of the hamstring muscles. 

Applied AruUomy . — ^In discaso of the knee-joint, contraction of the hamstring tendons 
is a^^frequent complication ; this causes flexion of the leg, and a partial dislocation of the 
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tibia backwards, with a slight degree of rotation 
outwards, probably due to the action of the Biceps 
muscle. The hamstring tendons occasionally 
require subcutaneous division in some forms of 
spurious ankylosis of the knee-joint dependent upon 
permanent contraction and rigidity of the Flexor 
muscles, or from contracture of the ligamentous 
and other tissues surrounding the joint, the result 
of disease. This is effected by putting the tendon 
upon the stretch, and inserting a narrow, sharp- 
pointed knife between it and the skin : the cutting 
edge being then turned towards tlic tendon, it 
should be divided, taking care that the wound in 
the skin is not at the same time enlarged. The 
relation of the external popliteal nerve, which lies 
in close apposition to the inner border of the tendon 
of the Biceps, must alwfiys be borne in mind in 
dividing this tendon, and a free incision with 
exposure of the tendon, before division, is the safer 
proceeding. 


III. Museums AND FA.SCH.Ii: OF THE Lec 

TJie musciloH of the leg may Ijo divided 
into three groups : those on the anterior, 
tliose on the posterior, and those on tlie outcu* 
side. 


5. Anterior Tibio-fihvlar Region (tig. 546) 

Tibialis aiitieus. 

Extensor pvoprins hallucis. 

Extensor lotigus digitorum. 

Fcuoneus tei*(ius. 

The deep fascia of tlu^ leg forms a com- 
plete investnieut to tlic muscles, and is fused 
with the x)eriosteum over the subcutaneous 
su rf aces ot tl lo bones . It is con t inuous a bove 
with the fascia lata, and is attached around 
the kne^^ to the patella, the Jiganientuin 
patellic, the tulxu’cle and tuberosities of tlie 
tibia, and the head of the fibula. Bcdnnd, it 
forms the }>opliteal fastua, covering in tlu; 
popliteal spa(;e ; here it is specially Mii(*k, 
being stnmgtherujd by transveis(‘. fibres, and 
is perforated by the external saphenous vein. 
It receives an expansion from tJie tendon of 
the Biceps on the outer sid(s from the 
tendons of the Sartorius, Gracilis, Semiten- 
ditiosuH, and Seminuunbranosus on the inner 
side ; in front, it blends with the periosteum 
covering the subcutaneous surface of the 
tibia, and with that covering the head and 
external malleolus of the fibula ; bedow, it is 
continuous with the annular ligaments of the 
ankle. It is thick and dense in the upper and 
anterior part of the leg, and gives attach- 
ment, by its de(^p surface, to the Tibialis 
anticus and Extensor longus digitorum 
muscles; but thinner behind, where it covers 
the Gastrocnemius and Soleus muscles. It 
gives off from its deep surface, on the outer 
side of the leg, two strong intermuscular 
septa, the anterior and 'posterior peroneal 


Fig. 646. — ^Muscles of the front of 
the leg. 
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septa, which enclose the Peronei longus ot brevis, and separate them from the 
muscles on tlie anterior and posterior tibial regions, and several smaller and 
more slender processes whicli enclose the individual muscles in each region. 
At the same time a broad transverse intermuscular septum, called the deep 
transverse fascia of the leg, intervenes between the superficial and deep muscles 
in the posterior tibio-fibular region. 

The Tibialis anticus (m. tibialis anterior) is situated on tlie outer side 
of the tibia ; it is thick and fleshy at its upper part, tendinous below. It 
arises from the outer tuberosity and upptir half or tvro-tliirds of the external 
surface of the sliaft of the tibia ; from tlie adjoining j^art of the interosseous 
membrane ; from the deep surface of tlie fascia ; and from the int-c^rmuscular 
septum between it and t)ie Extensor longus digitorurn. The fibres pass 
vertically downwards, and terminate in a tendon, which is apparent on the 
anterior surfac^e of the muscle at the lower third of the h'g. After passing 
through the innermost e.ompartment of the anteiior annular ligament, it is 
inserted into the inner and under surface of the internal cuneiform bon<‘, and 
the base of tlie metatarsal bone of the gniat toe. Tliis muscle overlaps the 
anterior tibial vessels and nerve in the upper part of the leg. 

The Extensor proprius hallucis (m. extensor hallucis longus) is a thin, 
elongated, and flattened muscle, situated between tlie Tibialis anticus and 
Extensor longus digitorurn. It arises from the anteiior surface of the fibula 
for about the middle two-fourths of its extent, its origin being internal to that 
of the Extensor longus digitorurn ; it also arises from the interosseous mem- 
brane to a similar extent. The anterior tibial vessels and nerve lie between 
il- and the Tibialis anticus. The fibre«s pass downwards, and terminate in 
a tendon, which occupies the anterior border of the muscle, passes through 
a distinct compartment in the low'^ei* portion of the annular ligament, crosses, 
from without inwards, tlie anterior tibial vessels near the bend of the ankle, 
and is inserted into tln^ has(‘ of the last phalanx of the great toe. Opposite 
th(^ metatarso- phalangeal articulation, the tendon gives off a thin piolongation 
on each sid(‘, to cover the surface of th(‘ joint. An expansion, from th(‘ inner 
side of the tendon, usually ])a8scs across to be inserted into the base of the 
first phalanx. 

The Extensor long'us dig'itorum is an elongated, flattcrK'd, pimniform 
muscle, situated at the outer part of the front of the leg. It arises from the 
outer tuberosity of llu^ tibia; from the upfier thre(‘-fourlhs of the anterior 
surface of the shaft of the fibula ; from the upper jiart of the interosseous 
memhranii ; from tlie deep surface of the fascia ; and from the interniusiajlar 
septa betw'c^en it and the Tibialis aiiti(*us on tlie inner, and the JVronei on the 
outer side. Betw-een it and tlu^ Tibialis anticus arc the upper ])ortions of 
the anterior tibial vess(‘ls and nerve. The t-iMidori passes under the annular 
ligament in (jompany w4th the Pcromuis tertius, and divides into four slips, 
whi(!h run forward on the dorsum of the foot, and are inserted into tlui S(‘Cond 
and third phalanges of ilu; four lesser toes. Eatdi of the three inner tcuidons, 
opposite th(^ metatarso-phalangeal articulaiion, is joined, on its outer sid(‘, 
by a tiuidori of the Extensor bn^vis digitorurn. Tlic tt^ndops are inst'rted in 
the following manner : (^ach receives a fibrous expansion from the Intcrossei 
and Lumbri(!a]es, and then spreads out into a broad aponeurosis, whicb covesrs 
the dorsal surface of tlie first phalanx : this aponeurosis, at the articulation 
of th(‘ first with the second phalanx, divides into three slips, a middle one, 
whicii is inserted into the base of the second phalanx ; and two lateral slips, 
wiiich, after uniting on the dorsal surface of the second phalanx, are continued 
onvA'ards, to be inserted into the base of the third. 

The Peroneus tertius is a part of the Extensor longus digitorurn, and 
might be d(\scrih(‘d as its fifth tendon. The fibres belonging to tliis tendon 
arise from the lower tliird or more of the anterior surface of the fibula ; from 
the lower part of the interosseous membrane ; and from an intermuscular 
septum between it and the Peroneus brevis. The tendon, after passing through 
the same canal in the annular ligament as the Extensor longus digitorurn, 
is inserted into the dorsal surface of the base of the metatarsal bone of the 
little toe. This muscle is sometimi^s wanting. 

Nerves. — These muscles aie supplied by the fourth and fifth lumbar and first 
sacral nerves tliioiigli the anterior tibial nerve. 
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Actions. — The Tibialis anticus and Peroneus tertius are the direct flexors of 
the foot at the ankle-joint ; the former muscle, when acting in conjunction with 
the Tibialis posticus, raises the inner border of the foot (i.e. inverts the foot) ; and 
the latter, acting with the Peronei brevis et longus, raises the outer border of 
the foot (i.e. everts the foot). The 


Extensor longus digitorum and Extensor 
propiius hallucis extend the phahiriges 
of the toes, and, continuing their action, 
Ilex the foot upon the leg. Taking 
their fixed points from below, in the 
erect posture, all these muscles serve to 
fix the bones of tlie leg in the perj)en- 
dicular position, and give increased 
strength to the ankle-joint. 

0. PosU rior Tibio- fib alar Prgion 

The muscles in this region of the 
leg ar€^ subdivided into 1\vo layers— 
superficial and deep. Thos(', of the 
sui)erficial layer constitute a powerful 
muscular* mass, forming the calf of tlic 
h*g. Tlunr large size is one of 
tile mosi charactiTistic fcatuj(‘s of the 
muscular apjiaratus in maji, a nr I bears 
a direct relation to Ins ordinary at t it ndc 
and mode of progr(‘ssion. 

Saperjirial Laijcr (fig. 547) 

Ga si roc n cm i u s . Soleus . 

Plant aris. 

The Gastrocnemius is the most 
superficial muscle, and forms tJiegr(‘at(‘r 
liart of t lie calf. It arisevs by two heads, 
w'liicli ai (' connected to tJie condyles of 
the femur tw o strong, flat tendons. 
The inner and larger head (caput 
mediale) takes its origin from a depres- 
sion at th(‘ upper and back part of tlie 
inner condyh' and from tlu* adjaccuit 
iiart of the hunur. The outer head 
(caput laterale) arises from an impres- 
sion on tlie outer side of tlie external 
condyle and from the posterior surface 
of the femur ipjmediately above the 
out('r part of tlie condyle. Both 
heads, also, arise from the? subjacent 
part of the capsular ligament of tlie 
knee. Each tendon spreads out into 
an aponeurosis, wdiicdi covers the 
posterior surface of that portion of the 
muscle to wdiicli it belongs. From the 
anterior surfaces of these temdinous 
expansions, muscular fibres arc given 
off ; those of the inner head being 
tliicker and extending low er than those 
oi the outer. The fibres in the median 


Fig. 547. — Muscles of the back of the leg. 
Superficial layer. 



line unite at an angle in a median tendinous raphe, wdiieh exjiands into a 
broad aponeurosis on the anterior surface of the muscle, and into this 
the remaining fibres are inserted. The aponeurosis, gradually contract- 
ing, unites wdth the tendon of the Soleus, and forms with it the tendo 
Achillis. 
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Relations. — Tho Gasirocnomius is in relation by its superficial surface with the fascia 
of the leg, which separates it from the external saphenous vein anil nerve ; by its deep 
surface with the posterior ligament of the knee-joint, the Popliteus, Soleus, Plantaris; 
popliteal vessels, and internal popliteal nerve. Beneath tho tendon of the inner head is 
a synovial bursa, vhich, in some cases, communicates with the cavity of the knee-joint. 
The tendon of the outer head sometimes contains a sesamoid fibro-cartilage or bone, 
where it jdays over tho corresponding outer condyle ; and one is occasionally found in 
the tendon of the inner head. 

The Soleus is a broad flat muscle situated immediately beneath the Gastro- 
cnemius. It arises by tendinous fibres from the back part of the head of the 
fibula, and from tlie upper third of the posterior surface of its shaft; from the 
oblique line of the tibia, and from the middle third of its internal border ; some 
fibres also arise from a tendinous arch placed between the tibial and fibular 
origins of the muscle, beneath whicli the popliteal vessels and internal popliteal 
nerve run. Tlu* fibres pass btick wards to an aponeurosis which covers tlu^ 
posterior surfact) of tb^^ muscle, and this, gradually becoming thicker and 
narrower, joins with the tendon of the Gastrocnemius, and forms with it the 
tendo Achillis. 

• 

Relations. — By its superficial surface it is in relation with the Gastrocnemius and 
Plantaris ; l)y its deep swfacc, with tin' Flexor longiis digitorum. Flexor loiigus liallucis, 
Tibialis jiosticiis, and postcTior tibial vessids and nerve, from which it is separated by 
the transverse intermiisculiir sejjtuiri or deep transverse fascia of the leg. 

TIk"! tendo Achillis (tendo calcaneus), the common tendon of tiie Gastro- 
cnemius and Soleus, is IIh* tliickcst and strongest tendon in the body. It 
is about' six inches in length, and eomincnecs near the middles of the leg, but 
j-(}C(m‘vcs fleshy fibres on its anterioj* surface, almost to its lower end. Gradu- 
all}' becoming eontraeded hfdou , it is inserted into the middle part of tho 
posterior surface of tlie os cal(*is, a synovial bursa being int(‘rp()S(‘d between 
th(i ioridon and the up])er ])art of this surface. TJie tendon s})reads out souu*- 
wbat at its low(‘r end, so that its muTowest part is afmiit an inch and a Jialf 
above its insertion. The tendon is covcnc^d by the fascia and tlie int(‘giimeiit, 
and is separated from tJie dee]) muscles and vessels by a considerable interval 
filled up with areolar and adipose tissui*. Along its outer side, but superficial 
to it., is tlic external saphenous vein. 

Th(! Plantaris is an extremely diminutive muscle, placed between the 
Gastioeiiemius and Holeus, and remarkable for its long and delicate tendon. 
It arises from the lower part of tins outer ])rolongation of tlie lim^a as|)(']‘a, 
and from tli(‘ yiosterior ligamejit of tbc knee-joint. It forms a small fusitonn 
belly, about three or four inches in length, terminating in a long slender tendon 
wdiich crosses obliquely between the tw'o muscles of the calf, and runs 
along the inner border of tlie tendo Achillis, to be instirted with it into the 
I)ostcrior part of tlie os caleis. This muscle is sometimes double, and at 
other tim(.*s wanting. Occasionally, its tendon is lost in the internal annular 
ligamcnl , or in llie fascia of the leg. 

Nerves. — The Gastrocnemius is siqiplied by the first and second sacral nerves, 
and the Plantaris by the fourth and (ifth lumbar and first sacral nerves, througli 
the internal popliteal. The Soleus is supplied by the first and second sacral nerves 
through the inlernal ])o])liteal and posterior tibial. 

Actions. — The muscles of the calf are tlie ehief extensors of the foot at the 
ankle-joint. I’hey ])osse.ss considerable power, and are constantly called into 
use in st anding, walking, dancing, and leaping ; Ikuici* the largo size they usually 
present. In walking, these muscles draw powerfully upon the os calcis, raising 
the heel from the. ground : the body being thus supjiortcd oti the raised foot, the 
opposite limb can be carried forw^ards. In .standing, the Soleus, taking its fixed 
point from below, steadies the leg upon the foot and prevents the body from 
falling foiw\aids, to which lliere is a constant tendency from the superincumbent 
W' eight. The (iastrocnemius, acting from below, siirvijs to flex the femur upon 
the tibia, assisted by the Popliteus. The Plantaris is the rudiment of a large 
muscle which in some of the lower animals is continued over the os calcis to be 
inserted into the plantar fascia. In man it is an accessory to the (Tastrocncmius, 
^extending the ankle if the foot be free, or bending the knee if the foot be fixed. 
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Possibly, acting from below, by its attachment to the posterior ligament of the 
knee-joint, it may pull that ligament backwards during flexion, and so protect it 
from being compicssed between the two articular surfaces. 

Deej) Layer (fig. 548) 

Popliteus. Flexor longus digitorum. 

Fhixor longus hallucis. Tibialis posticus. 

The deep transverse fascia of the leg is a transversely placed, inter- 
muscular septum, between the superficial and deep muscles in the posterior 
tibio-fibular region. On either side it is connected to the margins of the tibia 
and fibula. Above, where it covers the Pojditeus, it is thi(;k and d(!nse, and 
receives an expansion from the tendon of the Seniirnembranosus ; it is thinner 
in the'- middhi of the leg ; but below, where it (;ov(TS the ttmdons passing 
behind tlu^ nialleoli, it is thickened and (iontinuous wit h the internal annular 
ligament. 

Tiio Popliteus is a, tliin, flat-, t riaiiiriilar muscle, which forms the lower 
part of lh(^ floor of tlui p<)|)lit(ial spa(U‘. It arises by a strong tendon about 
an inch in length, fi'oni a dc^ju'cssion at th(‘ anterior part of the popliteal groove 
on the outer sidci (»f Uk' ('xterna-l condyle of the femur, and to a small extent 
from the posteiior ligament of the ktiee-joint ; and is inserted into the inner 
two-thirds of the friangulnr surface above tlie oblique line on tli<^ posterior 
surface of the shaft of tlu^ tilna, and into the tendinous expansion covering 
th(* surface of the niiisch'. 

Relations. — TJio tciidoti <»f the muscle is (;ovei*ed by lliat of the bi<;eps and by the 
<‘xt(‘rnal lateral ligament of the kiietj-joiiit ; it grooves the posterior border of the (external 
semilunar tibro-eartilage, and is investod by the synovial membrane of the knoc-j(»int. 
The fascia. coNering Ukj Jiiusele separates it from the (laslrocncinius, Plantaris, popliteal 
vessels, and internal popliteal norvo. The de(q) surface of the miisele is in contact witli the 
posterior ligament of the knet‘-joint and tlie hack of llit» tibia. 

Th<‘ Flexor longus hallucis is situated on tJie fibular side of tlio leg. It 
aris(‘s from tlu' lower t-AN o-thirds of the posbu’ior surfae.e of tbe shaft ot the 
fibula, with the exception of an inch at its lowest j)art ; fioin Hkj lower part 
of the. interosseous monihrjiri<* ; from an intermuscular septum between it 
and th(? Peionei, exteArnally' ; and fr«)m tb(i fascia covering the I'ibialis posticus 
internally. Tlu^ fibres pass o])liquely doAA invards and backwards, and terminate 
ill a tendon wliicli o(‘eupi('s nearly the whole length of the posterior surface 
of Llm muscle, 'riiis t(*udoii lies in a groove which erossc^s the posterior 
surface of the low(‘r end of the tibia, the posttnior surface of the astiagalus, 
and th(', undt'r surface of the sustentaculum tali of the os ealeis ; in the sole 
of the foot it runs forwards between th(^ two heads of the Flexor brevis 
hallucis, and is inserted into the base of the hist phalanx of the great toe. 
The grooves on tlu^- astragalus and os ea-hds, whieii contain th(^ timdon of the 
muscle, are eonvicrted by tendinous fibres into distinct canals, lined by synovial 
membrane. As the tendon passes forwards in the sole of the foot, it is 
situated above, and crosses, from wdthoiit inwards, the tendon of the Flexor 
longus digitorani, to whieli \\> is connected by^ a tendinous slij). 

Relations. — The Flexor longus hallucis is in relation by its superficial surface with the 
Soleus and tondo Achillis, from which it is separated by the deep tra-nsverse fascia ; by 
its deep surface, with the fibula. Tibialis posticus, the peroneal vesse.ls, the lower part of 
the interosseous membrane, and the ankle-joint ; by its o'lUer border, Avith the Poronoi ; by 
its inner border, with the Tibialis posticus and post-orior tibial vessels and nerve. 

The Flexor longus digitorum is situated on the tibial side of the leg. At 
its origin it is tliiu and pointed, but it gradually increases in size as it descends. 
It arises from the posterior surface of the shaft of the tibia, from immediately 
beloAV the oblique line to within three inches of its lower extremity, internal 
to the tibial origin of tbe Tibialis posticus ; it also arises from the fascia 
covering the Tibialis posticus. The -fibres terminate in a tendon, wfliich 
runs nearly the whole length of the posterior surface of the muscle. This 
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tendon passes behind the internal malleolus, in a groove, common to it and 
the Tibialis posticus, but separated from the latter by a fibrous septum, each 
tendon being contained in a special sheath lined by a separate synovial 

membrane. It passes obliquely forwards and 
Fig. 548 .~Muscles of the back outwards, superficial to the internal lateral liga- 

of the leg. Deep layer. ment, into the sole of the foot (fig. 550), where 

/ crosscs the tendon of the Flexor longus 

/ hallueis,* lying on its plantar aspect and 

>4/1 i/lli toil receiving from it a strong tendinous slip. It 

becomes expanded and is joined by the 
//I Flexor accessorius, and finally divides into 

tendons, which are inserted into the 
40%'f/j bases of the last phalanges of tlie four lesser 

t endon passing througli an opening 
in th(‘ corresponding tendon of the Flexor 
brevis digiioruni opposite tlie base of the first 


I '' Inner //h 
\ Condyle ^////^ t 

h.^mv/z/A 






Relations. — Til tlio log this muscle is in relation by 
its fiiiper/icial surf are with the posterior libial vessels 
and nerve, and thi‘ d(»ef> transverse fascia which 
sejiarates it from the Soleus ; by its deep surface^ with 
tlie tibia and Tibialis jiostieus. [n the foot, it is 
covered by the Abduel(>r balhieis jiiid Flexor bievis 
digitorum, and crosses superlieial to the Flexor longus 
hallueis. 


f The Tibialis posticus (m. tibialis postei ior) 

lies betwetm the two preceding muscles, and is 
tin* most deeply seated of all the muscles in the 
leg. It comimmces above by two ])ointed pro- 
C(*sses, siqiarated by an angular interval, Ibrougb 
which the aiitt‘rior libial vessels jiass forwards 
to the front of the leg. It arises from the whole 
of the posterior surface of the interosseous 
membrane, excepting its lowest part ; from the 
outer portion of tlie posterior surfaoci of the 
sliaft of the tibia, betwi'cn the eommeneerneiit 
of the oblique line above and the junction of 
the middle and lower thirds of the shaft below ; 
and from the U[)per two-thirds of the internal 
surface of the fibula ; some fibres also arise 
from the deej) transverst', faseia, and from the 
intermuscular septa separating it from the 
adjacent muscles on either side. In the lower 
fourth of the h'g it passes in frpnt of the Flexor 
longus digitorum and terminates in a tendon, 
which lies in a groove behind the inner malleolus, 
//I BS WBi with t he tendon of that rnustde, but enclosed 

separate sheath; it then passes through 
1 wIm another -sheath, over the internal lateral ligca- 

ment into tlie foot, and then beneath the 
inferior calcaneo-navicular ligament. Tlie ten- 
contains a sesamoid fibro-cartilage, as it 
#. * under the inferior ealcaneo - navicular 

ligament. It is inserted into the tuberosity of 
navicmlar bone, and gives off fibrous exjian- 
sions, one of whhdi pass(is backwards to the 
sustentaculum tali of the os calcis, others 
forwards and outwards to the three cuneiforms, the cuboid, and the bases 
of the second, third, and fourth metatarsal bones. 


That is, ill the order of dissection of the sole of the foot. 
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Relations.— The Tibialis posticus is in relation by its superficial surface with the 
Soleus, from which it is separated by the deep transverse fascia, the Flexor longus 
digitorum, the posterior tibial vessels and nerve, and the peroneal vessels ; by its deep 
surface, with the interosseous ligament, the tibia, fibula, and ankle-joint. 

Nerves.— The Popliteus is supplied by the fourth and fifth lumbar, and first 
SMcral nerves, through the internal popliteal nerve ; the Flexor longus digitorum and 
'I'ibialis posticus by the fifth lumbar and first sacral, and the Flexor longus hallucis 
by the fifth lumbar, and the first and se.cond sacral nerves, through the posterior 
tibial nerve. 

Actions. — The Popliteus assists in flexing the leg upon the thigh ; when tlie 
leg is flexed, it will rotate the tibia inwards. It is (‘specially called into action at 
llie beginning of the act of bending the knee, inasmuch as it produces the 
slight inwaid rotatioji of tlu* tibia wliich is essential in the early stage of this 
movemcint. The Tibialis posticus is a direct extensor of the foot at the ankle 
joiiit ; acting in coujimcticm with the Tibialis anticiis, it turns the sole of tlie foot 
inwards (i.(\ invints the fo(rt), antagonising the Peroiiei, wliicli turn it outwards 
(evert it). In tl)e sole, of the foot the toncliui of the Tibialis posticus liiis directly 
l)(*Io\v the interior calcaneo-navicular liganient, and is llu*rol’ore an important 
tactor ni jnaintaining tlui arch of the foot. The Flexor longus digitorum aJid 
Fh'xor longus hallucis are th(‘, direct (lexers of the jhalanges, and, continuing 
their action, extend the foot upon the hig ; they assist tlie Ciastroenernius and 
Soleus iiu'xtending the foo+, as in the act of vvalking, or in standing on tiptoe, hi 
conse(juenc(^ of tin' oblicpn* direction of the tendon of tin? Flexor longus digitorum, 
the toes would Ix' drawn inwards, were it not tor the Fh'xor accessorius muscle, 
wliich is ins(‘rt(*d into tJie outer side of its tendon, and draws it to the middle 
line of tin? foot during its action. Taking their fix(?d point from the foot, these 
miisclc's serve to maintain tln^ upriglit ])osture by steaciying tlie tibia and fibula 
j)(*rp('ndiculaily utmn tin' ankle-joint. They also serve tx) raise tliese bum's from 
the ol)li(]ue position they assume in the stooping posture. 


7. Fihidar region 

P('rorieus longus. Peroneus brevis. 

The Peroneus long^us is situated at the upper part of the outer side of 
tlie leg, and is the mon? superficial of the two muscles. It arises from tht; 
head and upper two-thiids of the outer surface of the shaft of tlie fibula, 
from the dee]) surfaiM' of the fascia, and from tlie intermuscular septa 
between it and thc^ muscles on tin; front and bac'k of the leg : occasionally 
also by a few* fibres from tlie out('r tuberosity of the tibia. BeUveen its attacdi- 
nieiits tc» the head and to the shaft of the fibula tht;re is a small area of bone 
from wJiicli no muscular fibres aris(? ; here the ('xteriial ])opliteal nerve jiasses 
ben(?at]i the muscle. It terminates in a long tt'iidon, which runs behind the 
outer malleolus, in a groove common to it and tin? Iciridon of the Peroneus 
brevis, behind which it lies; the groove is converted into a canal by a 
fibrous band, and the tendons in it are invested by a common synovial 
membi'ane. The tendon then extends obliquely forwards across the outer side 
of the os caleis, below the peroneal tubercle, in a separat e fibi ous sheath lined 
by a prolongation of the synovial membrane w liich lines the groove behind 
the malleolus. It crosses the outer side of the cuboid, and tlu'n runs on the 
under surface of that bone in a gixiove, wdiich is converted into a canal by the 
long calcaneo-cuboid ligament and lined by a synovial membrane : the tendon 
then crosses the sole of the foot oblupiely, and is inserted into the outer side 
of the base of the metatarsal bone of the great toe and the outer side of the 
inf ernal (■un(5iform. Occasionally it sends a slip to tlie base of the second meta- 
tarsal bone. The tendon changes its direction at two points : first, beliind 
tJie external malleolus ; secondly, on the outer side of the cuboid bone ; in 
both of these situations the tendon is thickened, and, in the latter, a sesamoid 
fibro-cartilage, or sometimes a bone, is usually develoj)cd in its substance. 

The Peroneus brevis lies under cover of the Peroneus longus, and is a 
shorter and smaller muscle. It arises from the lower two-thirds of tlie 
external surface of the shaft, of the fibula, internal to the Peroneus longus ; 
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and from the intermuscular septa separating it from the adjacent muscles 
on tlie front and back part ot tlu^ leg. The fibres pass vertically downwards, 
and terminate in a tendon which runs in front of that of the preceding muscle, 
through the same groove behind the external malleolus, in the same fibrous 
sheath, and lubi-icated by the same synovial membrane. It then passes through 
a separate sheath on the outer side of the os calcis, above that for the tendon 
of the rcM’oneus longus, tlie two t(»ndons being here separated by the peroneal 
tubercle, and is finally instirtc'd into the tuberosity at the base of the 
metatarsal bone of the little to(% on its outer side. 

Nerves. — The Peronei Joiigus et bro.vis are supplied by the fourth and fifth 
lumbar and first sacral nerves through the inusculo-cutajicous branch of the 
external popliteal nerve. 

Actions. — The Pejonei longus et brevis extend the foot upon the leg, in 
conjunction with the Tibialis posticus, antHgonishig the Tibialis anticus and 
Peroiieus tertius, vliich are flexors of flic foot. The Peroneiis longus also everts 
tln^ sole of tJie foot, and IVom the oblique direction of the tendon across the sole 
of the foot is an important agent in the maintcnanc(i of th(i traiisvcuse arch. Taking 
their fixed points below, the Perojiei serve to steady the leg iif)(>n the foot. This 
is esp(*cially the case in standing upon one leg, when the tendency of the super- 
incumbent weight is to tJirow the leg inwards : th(‘, Peromnis longus overcomes 
this tendency hv drawing on the outer side of the leg. and thus maintains the 
perpendicular din‘clini) of flu^limb. 

Applied Armtomip — TJie student should now eoiisidor tJie position of tlie tendons of 
tlui various muscles of tin* leg, their relation ^^ith the ankle-joint and sjuToumling bloml- 
vessels, and especially their actions upon the foot, as their rigidil y and contraction give 
rise to one oi- other of tlui kinds of deformity knouii as duh foot. The most simple and 
common deformity, and oik' that is r.mdy, it ever, congenital, is tnlipat pqniuus, 
heel being raised by rigidity and (Muitractiou of the (tastrocnemius so that the patient 
walks upon the hall of the foot. In UdipeH rarus^ the foot is forcibly adducttnl and the 
irine,r side of the sok^Mised, sometiimvs to a right angle with the ground, by the action 
ot the Tibialcs anticus and i)ostieus. Tii talipes valfjas, the outer edge of the foot is 
raised by tlic I’eronei, and the })ati(;rLt Avalks on the inner ankli^. fn Udiprs calcaneus 
tlie toes are raised by tin' KxtcMisor muscles, tlie luicl is depressed and the patient walks 
upon it. Other \ ari('ties of didbrmity are met with, as talipes equinomrtis^ equimmdtius^ 
and calcaneooalgusj ^^hose naiiuis sutticiently indicate their nature. Of these, talipes 
etpiinovarus is the most common congenital form ; the htM*l is raised by the terido 
Achillis, the inner border of the foot drawn iipwcirds by the Tibialis anticus, the anterior 
two-thirds tivisted inwards by the Tibialis posticus, and the arch iruTcased by the con- 
traction of the jilantar fascia, so that the jiatieiit Avalks on the middle of the outer border 
of the foot. Each of these deformities may sometimes be suo(;essfully relieved bydixision 
of the oppo.sing tendons and fascia : by this means the foot regains its proper position, 
and tlu^ tendons he.al by tht^ organisation of lymph thrown out between the divided ends. 
The operation is easily performed by putting the contracted tendon upon the stretch, and 
dividing it by means of a narrow, sharp- pointed knife inserted benea,tli it. 

Rupture of a foxv of the libresof the (Jastrocnemius, or rupture of the Plantar is tendon, 
not uncommonly occurs, especially in men somewhat advanced in life, from some sudden 
exertion, and frctjucntly occurs during the game of laxxm tennis, and is hence known as 
‘ lawn-tcmriis leg.’ The accident is aceomjianied by a sudden pain, and ]>roduceH a sensation 
as if the individual had been struck a violent blow on the part. The tendo Achillis is 
also sometime,s ruptured. It is stated that John Hunter ruptured his tendo Achillis w'hik^ 
dancing, at the age of forty. 1hc bursa beneath the tendo Achillis, between it and the 
posterior surface of the os calcis, sometimes becomes inilanu'd, especially in pedestrians 
and ‘ long-distance ’ walkers. Tt causes great and disabling £)ain, and entirely prevents 
the siiflerei- from (continuing his walk. 

IV. Muscles and Fascije ov the P"oot 

The fibrous bands, or thickemed yiortions of the fascia of the leg, which bind down the 
tendons in front of and behind the ankle in their passage to the foot, are termed the 
annular ligament'^, and are three in number — anterior, internal and external. 

The anterior annular lig^ament (fig. 546) consists of a superior or trans- 
verse portion, whi(di binds down the Extensor tendons as they descend on 
the front of the tihia and fibula ; and an inferior or Y-shnped portion, which 
retains them in connection with the tarsus, the two j>ortion8 being joined 
by a thin intervening layer of fascia. The transverse portion is attached 
externally to the lower end of the fibula jind internally to the tibia ; above, 
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it is continuous witii the fascia of the leg ; it contains one synovial sheath 
for the tendon of the Tibialis anticus ; the other tendons and the anterior 
tibial vessels and nerve pass beneath it, but without any synovial sheaths. 
The Y-shaped portion is placed in front of the ankle-joint, the stem of the Y 
being attached externally to the upper surface of the os calcis, in front of the 
depression for the interosseous ligament ; it is directed inwards as a double 
layer, one lamina passing in front of, and the other behind, the tendons of the 
Peroneus tertius and Extensor longus digitorum. At the inner border of tlie 
latter tendon these two layers join together, forming a sheath in v'hich the 
tendons are enclosed, surrounded by a synovial membrane. From the iniKM* 
extremity of tliis sheath the two limbs of the Y diverge : one is directed 
upwards and inwards, to be attacdied to the internal malleolus, passing ovej* 
Extensor proprius htxllucis and the vessels and nerves, but enclosing the 
Tibialis anticus and its synovial shcatli by a splitting of its fibres. The oilier 
limb exlcMids downwards and inwards to be attached to the inner border of 
th(^ plantar fas(;ia, and j)asscs over the tendons of the Exlmisor proprius 
ludlucis and Tibialis autieus and also the vessels and nerves. These two tendons 
arc; contained in separate synovial sheaths situated beneath Ihc^ ligament. 

TJic internal annular ligament is a strong fibrous band, which cxtcMids 
from Ibc inttarial malleolus above to the margin ol the os caleis belov, 
converting a series of grooves in this sitiiaiion into (raiiais, for th(^ passage of 
the tendons of tiie Flexor museles and tlie f)ost(‘rior tibial vess(‘ls and jiervc^ into 
ib(; sol(‘ of the fool. It is eontinuoiis by its upper border witli tlie dee]) faseia 
of the leg, and by its lower border with the plantar fas(;ia and the fibres of 
origin of the Abductor lialliieis muscle. The four canals which it forms 
transmit, from within outwards, tlie tendon of the IMbialis posticus ; the tenclon 
of th<‘ Flexor longus digitorum ; th(‘ post(‘rior tibial vessels and nerve, which 
run tlirough a broad space bi^neath tiieligaiiH'iit ; a,nd lastly, in a canal formed 
])artly by the astragalus, tlu. tcMidon of the Flexor longus hallueis. The eaiiaJs 
for the t (Midoris are lined by se])arate synovial riKMiibraiies. 

TJi(‘ external annular ligament exhMidsfrum the (extremity of the extcmial 
mall(‘olus to the outer surface of tlic os enlcis : it binds down the tendons 
of tli(‘. Peron(*i longus et brevis in their passage beneath llic ouIcm’ ankle. Tlu‘ 
t wo t(Midoiis ai*(^ (Mielosed in one synovial slKjat b. 


S. Dorsal Jlrgion (fig. 54(5) 

Extensor bn; vis digitorum. 

TJio fascia on lia; dorsum of the foot (faseia dorsalis pedis) is a tJiiri 
membra, nous layer, continuous above with the anterior margin of tin; lower 
j»ar‘t of tlie annular liganuMit ; on (*ither side it blends with the latiMal portions 
if the pLantar faseia ; anteriorly it forms a slieatJi for tlic tendons on the 
dorsum of the foot. 

Tlu; Extensor brevis digitorum (fig. 54(5) is a broad, thin musek*, which 
aris(;s Irom the for-c part of the upper and outer surfaces of the os ca,leis, in 
front of tin; gri^ive lor the Peroneus brevis ; from the external calcaneo- 
astragaloid ligament ; and from the common limb of the Y-shaiied poi'tion 
of the anterior annular ligament. It passes obliquedy across the dorsum of 
tlu; foot, and terminates in four tendons. The innermost, whi(!h is the largest, 
is inscrtecl into the dorsal surface of the base of the first phalanx of the great 
too, crossing the dorsalis pedis art(;ry ; the other three, into the outer sides 
of tlie long Extensor txMidoris of the second, tliird, and fourth toes. 

Nerves. — It is supp]i(;(l by the .‘interior tibial nerve. 

Actions. The Extensor brevis digitorum extiMids the phalanges of the four 
inner toes, but in the great toe acts only on the first jihulanx. The oblicjuity of 
its direction counteracts the oblique movement given to the toes by the long 
Extensor, so that when both muscles act, the toes arc evenlv extended. 

9. Plantar Region 

The plantar fascia (aponeurosis plantaiis) is of great strength, and consists 
of pearly-white glistening fibres, disposed, for the most part, longitudinally : 
it is <iivided into a central and two lateral portions. 
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The central portion, the thickest, is narrow behind and attached to the 
inner tubercle of the os calcis, posterior to the origin of the Flexor brevis 
digitorum ; and becoming broader and thinner in front, divides near the 
heads of the metatarsal bones into five processes, one for each of tlie toes. 
Each of these processes divides opposite tlie metatarso-phalangeal articulation 
into two strata, superficial and deep. The superficial stratum is inserted 
into the skin of the transverse sulcus which sc^parates the toes from the sole. 
Tlie deeper stratum divides into two slips which embrace the side of the Flexor 
tendons of the toes, and blend with the sheatlis of the tendons, and laterally 
with the transverse metatarsal ligament, thus forming a sejies of arches 
tlirougli which the tendons of the short and long Flexors pass to tlie toes. 
The intervals left between the five processes allow the digital vessels and 
nerves, and the tendons of the Lumbricales to become superficial. At the 
point of division of the fascia, numerous transverse fibres (fasciculi trans- 
versi) are sii2)crad(lcd, which serve to increase the strength of the fascia at 
this part by binding the processes togetJicr, and connecting them with the 
integument. The central |)ortion of the filantar fascia is continuous with the 
lateral jiortions at either side*, and sends upw’ards into the foot, at the lines 
of junction, two stiong vertical intermuscular septa, broader in front than 
behind, which separate the middle from the external and internal jdantar group 
of muscles ; from tlu^se again are derived thinner transverse septa which 
separate the various layers of muscles in this region. The uijper surface of 
this fascia gives attach mt‘nt. behind to the Ph‘xor Imwis digitorum. • 

The lateral porliom of th(‘ [ilantar fascia are thinner than tlu^ central j)i(H*e, 
and cover the sides of the foot. 

The outer portion covers the under surface of the Abductor minimi digiti ; 
it is thin in front and <hi(;k behind, Avhcrc it forms a strong band betwecai tlu^ 
tmter tubi^rch' of the os calcis and the base of the fifth metatarsal bone ; it 
is continuous internally with the middle portion of the ^dantar fascia, and 
externally \^ith the dorsal fascjia. 

l^he imier portion is thin, and covers the undt‘i* aspect of tlie Abductor 
hallucis ; it is attached behind to the internal annular ligament, and is 
continuous around tJie sid(^ of the foot with the dorsal fascia, and externally 
with tlie middle portion of the jdantar fascia. 

The muscles in tlie plantar region of the foot may be divided into three 
groups, in a similar manm^r to those in the hand. 1^11080 of the internal plantar 
region are connected with the great toe, and correspond with those of the 
thumb ; those of the external plantar region are connected A\ith the little toe, 
and correspond with those of the little finger ; and those of the middle jilantar 
region are connected with the tendons intervening betwTcn the two former 
groups. But in order to facalitate the description of these muscles, it will be 
found more convenient to divide them into four layers, in the order in which 
they are successively expos€^d. 


First Layer (fig. 549 ) 

Abductor hallucis. Flexor brevis digitorum. 

Abductor minimi digiti. 

The Abductor hallucis lies along the inner border of the foot and covers 
the origins of the plantar vessels and nerves. It arises from the inner tubercle 
on the under surface of the os calcis ; from the internal annular ligament ; 
from the plantar fascia covering it ; and from the intermuscular septum 
between it and the Flexor brevis digitorum. The fibres terminate in a tendon, 
which is inserted, together with the innermost tendon of the Flexor brevis 
hallucis, into the inner side of the base of the first phalanx of the great toe. 

The Flexor brevis digitorum lies in the middle of the sole of the foot, 
immediately beneath * the central part of the plantar fascia, with which it 
is firmly united. Its deep surface is separated from the external plantar 
vessels and nerves by a thin layer of fascia. It arises by a narrow tendinous 
process, from the inner tubercle of the os calcis, from the central part of the 

* That is, in the order of dissection of the sole of the foot. 
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plantar fascia, and from the intermuscular septa between it and the adjacent 
muscles. It passes forwards, and divides into four tendons, one for each of 
the four outer toes. Opposite the bases of* tlie first phalanges, each tendon 
divides into two slips, to allow of the passage of the corresponding tendon of 
the Flexor longus digitorum ; the two portions of the tendon then unite and 
form a grooved channel for the reception of the accompanying long Flexor 
tendon. Finally, it divides a second time, to be inserted into the sides of 
the second phalanx about its middle. The mode of division of tlie tendons 
of the Flexor brevis digitorum, and of their insertion into the })halanges, is 
analogous to that of the tendons of 


Fig. 549. — Muscles of the solo of the foot. 
First layer. 


the Fh'xor sublimis digitorum in the 
hand. 

Fibrous sheaths of the Flexor 
tendons. — These are not so well marked 
as in the fing(u-s. The Flexor tendons 
of the toes as tlu^y run along the 
phalanges are retained against the bones 
by fibrous sheaths. I'hese sheaths are 
formed by strong fibrous bands, which 
areli across the tendons, and are attached 
on each side to the margins of the 
])halanges. Opposite the middle of the 
proximal and se(^ond phalanges th<' 
slu^ath is very strong, and the fibres 
pass transversedy ; but ni)posit(' the 
joints it is mutdi thinner, and the fibn^s 
are din^ded obliquely. Each slieath is 
lined by a synovial nuunbraiie, which 
is reflected on the contained tendon. 

Tlu' Abductor minimi digiti (m. 
abductor quinti digiti) lies along the 
outer border of tlu' foot, and is in 
relation by its inner margin with the 
(‘xternal plantar v(‘ssels and nerves. It 
arises, by a very broad origin, from the 
outer tubercle of tlu^ os (;alcis, from the 
under surface of the os (lalcis betwciui 
the two tuben;l(^s, from the fore part 
of tlie inner tubercle, from the jilantar 
fascia, and from the intei-museular 
HCjituin b(‘tween it and the Flexor brevis 
digitorum. Its tendon, after gliding 
over a smooth faeid- on tlie under sur- 
face of the base of the fifth metatarsal 
bone, is inserti'd, with the short Flexor 
of the little toe^ into the outiu* side 
of the base of tlie first phalanx of 
this toe. 

Second Layer (fig. 550) 

Flexor accessorius. 

Lumbricales. 


The Flexor accessorius (m. quad- « 

rata* jilanta?) is separated from the 

muscles of the first layer by the external plantar vessels and nerves. It 
arises by two heads, which are separated from each other by the long plantar 
ligament : the inner or larger, which is muscular, is attached to the inner 
concave surface of the os calcis, below tlie gi’oove which lodges tlie tendon 
of the Flexor longus hallueis ; the outer head, flat and tendinous, to tlie outer 
border of the inferior surface of the os calcis, in front of its lesser tubercle, and 
to the long plantar ligament. The two portions join at an acute angle, and 
are inserted into the outer margin and upper and under surfaces of the tendon 
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of the Flexor longiis digit orum, forming a kind of groove, in which the tendon 
is lodged.* 

Tlie Lumbricales are four small museles, accessory to the tendons of the 
Flexor longus digitorum : they arise from the tendons of the long Flexor, as 
far back as their angles of division, each arising from two tendons, except 

Fig. 550. — ^Muscles of the sole of the foot. Fig. 551. — Muscles of tlie solo of the foot. 

Second layer. Third layer. 


i'll, 


It w 






the innermost. Each muscle ends in a tendon, which passes forwards on the 
inner side ot the four lesser toes, and is inserted into the ('xpansion of the 
long Extensor tendon on the dorsum of the first plialanx of the corresponding 
toe. 

Thinl Layer (fig. 551) 

Flexor brevis hallucis. Adductor transversus hallucis. 

Adductor obliquus hallucis. Flexor brevis minimi digiti. 

The Flexor brevis hallucis arises, by a pointed tendinous process, from 
the inner part of the under surface of the cuboid bone, from the contiguous 

* Turner pointed out that the fi bres of the Flexor accessorius end in aponeurotic bands, 
which Contribute slips to the second, third, and fourth digits. 
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portion of tJie external cuneiform, and from the prolongation of the tendon 
of the Tibialis posticus which is attached to that bone. The muscle divides 
in front into two portions, which arc inserted into the inner and outer sides 
of the base of the first phalanx of the great toe, a sesamoid bone being developed 
in eacli tendon at its insertion. The inner portion of this muscle is blended 
wiiii the Abductor hallucis previous to its insertion ; the outer with tlie 
Adductor obliquus hallucis ; the tendon of the Flexor longus hallucis lies in a 
groove between them. 

The Adductor obliquus hallucis is a large, thick, fleshy mass, passing 
obliquely across tlie foot, and occupying the liollow space between the inner 
four metatarsal bones. It arises from the tarsal extremities of the second, 
third, and fourth metatarsal bones, and from the sheath of l-he tendon of the 
Peronems longus, and is inserted, together with the outer portion of tlu^ Fl(‘xor 
brevis liallucis, into the outer sid(‘ of the base of tlic first phalanx of the great 
toe. 

The Adductor transversus hallucis {Transversus prdis) is a narrow, fiat, 
muscular fascicjulus, stretched transversely across the heads of the metatarsal 
bones, be^tween tJiem and the Flexor tendons. It arises from the inf(‘nor 
m(*tatiirso-phala.ngeal liganu'nts of the thiee outew toes, sometimes only from 
the third and fourtli, and from the transverse liganuMit of tJic metatarsus. 
It is inserted into tlu; outtT sid(^ of the la se of the first plialanx of the great 
toe, its fibr(‘S b(*.iug blcMided with the tendon of insertion of the Adductor 
obli(juus hallucis. 

Tile small muscles of the great toe, the Abductor, Flexor brevis, Adductor 
obliquus, and Adductor transversus, like the similar muscles of th(», thumb, 
give oil", at their insertions, fibrous expansions to blend vith th(‘ long Extensor 
tendons. 

'I'ho Flexor brevis minimi dig'iti (m. flexor brevis digiti quinti) lies on 
the metatarsal bone of the little toe, and niuidi resembles one of the lnt(*r- 
ossei. It arises from the base of the metatarsal boru' of the little to(^ and 
from th<^ sheath of the P(*roneus longus : its tendon is inserted into the base 
of the first phalanx of 1h('. little toi^ on its outer side. Oeeasionally some of 
th(‘ d(‘(*|)er fibres of the niuseh^ are insert(‘d into the outiu’ part of the distal 
half of th(? fifth metatarsal bone; these are described by some as a distimjt 
mnseh', the Oiiporiens minimi digiti. 


Fourth Lnijar (figs. 552, 553) 

Iiiterossiu. 

The Interossei in the foot are similar to those in the hand, vith this 
ex(*eption, that thi'y are p'oiqied around the middle line of t])e sfcond digit, 
mstead of that of the third. They are seven in number, and consist of two 
groups, dorsal and plantar. 

T1i(5 Dorsal interossei (interossei dorsali^s) (fig. 552), four in number, are 
situated bi^tween the metatarsal bones. They are bifxumiform musides, arising 
by two li(‘ads front the adjaeimt sides of the metataisal hones between which they 
are placxid ; their tendons an? instated into the bases of the first phalanges, 
and into tlu^ aponeurosis of th(^ (*.omrnon Extensor tendon. In tJu^ angular 
interval left bi^tween the heads of eaidi of the three outer muscles, one of the 
perforating art(u*ies passes to the dorsum of the foot ; through the space 
between the heads of the First interosseous muscle the communicating branch 
of the dorsalis pedis artery enters the sole of the foot. The First doi?al 
interosseous muscle is inserted into the inntT side of tho second toe ; the 
other three arc inserted into the outer sides of the second, tliird, and fourth toes. 

The Plantar interossei (interossei plantares) (fig. 553), three in number, 
lie beneath rather than between the metatarsal bones, and each is connected 
with but one metatarsal bone. They arise from the bases and inner sides of 
the shafts of the tliird, fourth, and fifth metatarsal bones, and are inserted 
into the inner sides of the bases of the first phalanges of the same toes, and 
into the aponeuroses of the common Extensor tendons. 

Nerves. — The Flexor brevis digitorum, the Flexor brevis and Abductor hallucis, 
and the innermost Lumbrical are supplied by the internal plantar nerve; all 
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the other muscles in the sole of the foot by the externaJ plantar. The First dorsal 
interosseous muscle frequently receives an extra filament from the internal branch 
of the anterior tibial nerve on the dorsum of the foot, and the Second dorsal 
interosseous a twig from the external branch of the same nerve. 

Actions. — All the muscles of the foot act upon the toes, and in describing 
their action they may be grouped as Abductors, Adductors, Flexors, or Extensors. 
The abductors are the Dorsal interossei, the Abductor hallucis, and the Abductor 
minimi digiti. The Dorsal interossei arc abductors from an imaginary line passing 
through the axis of the second toe, so that the first muscle draws the second toe 
inwards, towards the gj-eat toe, the second muscles draws the same toe outw’ards, 
the third draws the third toe, and the fourth draws the fourth toe in the same', 
direction. Like the Interossei in the hand, (^ach assists in flexing the proximal 
phalanx and extending the twx) terminal phalinges. The Abductor hallucis 
abducts the great toe from the others, and also flexes the proxijiial phalanx of 
this toe. In tlie sanui way tlie action of the Abductor minimi digiti is two 
fold, as an abductor of tliis toe from the others, and also as a flexor of its proximal 
phalanx. The adductors ani the Iflantar interossei, the Adductor obli(iuus 


Fig. 552. — The Dorsal interossei. 
Left foot. 



Fig. 553. — ^Thc Plantar interossei. 
Ijeft foot. 



hallucis, and the Adductor transversus hallucis. The Pltfntar interosseous 
muscl(\s adduct the third, fourtli, and fifth to(is towards the imaginary line 
passing through the second toe, and by means of their insertions into the 
aponeuroses ol the Extensor tendons they assist in flexing the proximal phalanges 
and extending tlui middle and terminal phalanges. The Adductor obliquus hallucis 
is cliiefly concerned in adducting the great toe towards the second one, but also 
assists in flexing this tot;. The Adductor transversus hallucis approximates all 
the toes and thus increases the curve ol the transverse arch of the metatarsus. 
The Jlexors ar(* the Flexor brevis digit orum, the Flexor accessorius, the Flexor 
brevis hallucis. the Flexor brevis minimi digiti, and tlie Lumbricales. The 
Flexor brevis digitorum flexes the second phalanges upon the first, and, 
continuing its action, flexes the first phalanges also, and brings the toes together. 
The Flexor accessorius assists the long Flexor of the toes and converts the obliques 
pull of the tendons of that muscle into a direct backward pull upon the toes. The 
Flexor brevis minimi digiti flexes the. little toe and draws its metatarsal bone down- 
wards and inwards. 'I'lie Lumbricales, like the corresponding muscles in the 
hand, assist in flexing the proximal phalanges, and by their insertions into the long 
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Extensor tendons aid tJiat muscle in straightening the middle and terminal phalanges. 
The only muscle in the eorlensor group is the Extensor brevis digitorum. It extends 
the first phalanx of the great toe and assists the long Extensor in extending the 
Jiext three toes, and at the same time gives to the toes an outward direction when 
they are extended. 

Surface Forjn.^The skin of the thigh, especially above in the hollow of the groin and 
on the inner side, is thin, smooth, and clastic, and (jontaiins few hairs, except in the ncigh- 
i>()iirhood of the pubes. Towards the outer side it becomes thicker, and the hairs are 
more numerous. TJio skin over the buttock is also fairly thick, witli low sensibility and 
vascularity. As a rule, it is destitute of conspicuous hairs, except towards the post-anal 
furrow, where, in some males, an abundant development of hair is present. 'J'he skin 
over the front of the knee is (covered by thickonod e])idormis ; it is loose and thrown into 
transverse wrinklos when the leg is extiuidod : that of the leg is thin, especially on the 
inner side, and covered with numerous large hairs. On the dorsum of the foot the skin 
is thin, loosely connected to subjacent jiarts, and contains few liairs. On the solo, and 
especially the liticl, the ej)idcrmis is of great thickness, and here, as in the palm of the 
hand, there are no hairs or sebaceous follicles. 

Of the muscles of the thigh, those of the anterior femoral region largely contribute 
to the surface form of this part of the limb, 7V«sw fascite femaria jirodueos a broad 

elevation immiidiatcly below the aiitiirior portion of the crest of the ilium and behind the 
anterior su])en’or spinous pi‘oc(^ss. From its lover bonier, a longitudinal groove, corro- 
s])ouding to theilio-tibial baud, extends to the outer side of the laioo-joint. 'riie Sartoriita^ 
when it is brought into action by tloxiug the leg on tlu^ thigh, and tlu^ thigh on tluj pelvis, 
and rotating the thigh outwards, }jroscnta a woli-in?irl\c:l surface form. At its upper 
part, where it eonstitutes the outer boundary of Scarpa’s triangle, it forms a prominent 
ohli(]uc» ridge, wOiich b(?c<>mes changed into a tlatienod plane below, and this gradually 
m(u*ges ill a gtiiieral fulness on the iniuir side of the knee-joint. When the Sartorius is 
not in action, a depression exists l)(‘twa*cn the Quadriceps extensor and the Adductor 
innseles, and extends obliipiely downwards and iiuvards from the afiex of Scarpa's triangle 
to the inner side of the knee. Tn tlu' angle formed by the divergence of the Sartorius and 
'I’cnisor fascia' femoris miiseh^s, just bt^low the anterior superior spine of the ilium, the 
Hrctan jcnutri.'i muscle {ijipears, and, below this, dcdermiries to a great extent the convex 
lorm of the front of tlu' thigh.. In a wdl-developed subject, the borders of the muscle, 
whmi in action, (;ari be clearly dcline<l. 'The Vastus eHvrnus forms a long flattened plane 
on the outer side of the thigh, traversed by ilie longitudinal gro(>^■e formed by the ilio-iibial 
band. The Vastus iutvnius^ on the inner side of the lower lialf of the thigh, gives rise to 
a considerable proniinen<*.e. which ifUT^jases towards the knee and terminates somewhat 
abruptly in this situation w'itli a full, curved ontline. Tlu', CnircAis and Suhcriircus are 
eoin]>lct(’Iy liidchni, and do not dircjctly inllnence surface form. The Adductor mimdcs, 
constituting the internal temoral gnuij), cannot be distinguished from each other, with the 
c\ce])tion of the ufiper tendon of the Adductor longiis and the low'or tendon of the 
AddiK^lor niaguus. When the Adductor lomjus is in action its upper tendon stands out 
as a proniincMit ridge, w'hic,h runs oblifjuely downwards and outwards from the neighbour- 
liood of the pulii(t spine, and forms the inner boundary of Scarpa’s triangle. The lower 
tendon of the \dductor maqnus can be distinctly felt as a short ridge oxtoiidiug dowm to 
he addiKitor t.uh«ircle <m the inUu’nal eoiidyle, hetwiuiii the Sartorius and Vastus iniernus. 
'The Adductor group of muscles (ills in the triangular a])aee at the upper part of the thigh, 
hetweeu the oblique femur and the pelvis, and to them is due the contour of the* inner 
border of the thigh, the Gracilis largely contributing to the smoothnoss of the outline. 
These muscles are ipit marked off on the surface from the hamstrings by any intermuscular 
depression ; but- on the out(u’ side of the thigh the latter are defined from the Vastus 
exteriius by a distinct marking, corresponding to the external int/crmuseular septum. 
The Gluteus and the Gluteus rnedius in its upper part, are the only muscles of the 

buttock which intluenee surface form. The low'^er part of the Gluteus medius, the Gluteus 
minimus, and the External rotators are com}3lctely hidden. The Gluteus maximus forms 
the full rounded outline of the buttock ; it is more prominent behind, compressed in 
front, and terminaties at its tendinous insertion in a depression immediately behind the 
great trochanter. Its lower border does not coiTespond to the gluteal fold, but is much 
more oblique, being marked by a line drawn from the side of the coccyx to the junction 
of the upper woth the middle third of the thigh on the outer side. . From beneath the 
lower margin of this muscle the Hamstring muscles appear, at first narrow and not w'ell 
marked, but, as they descend, they become more prominent, and eventually divide into 
two well-marked ridges formed by their tendons, which constitute the upper boundaries 
of the popliteal space. In the upper part of the thigh these muscles cannot be individually 
distinguished from each other ; but lower down, the separation between tlio Semi- 
tendinosuB and Semimembranosus is denoted by a slight intermuscular marking. The 
external hamstring tendon formed by the Biceps is seen as a thick cord imiming down to 
the head of the fibula. The inner hamstring tendons comprise the Semiteiidinosus and the 
Semimembranosus. The Semitendinosus is the more internal, and can be felt, in certain 
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positions of the limb, as a sharp cord, while the Semimemhranoaus is thick. The Qriicilis 
is situated a little in front of them. 

The Tibialis arUicv^ presents a fusiform enlargement at the outer side of the tibia, and 
projects beyond the crest of the shin bone. From the muscular mass, its tendon may be 
traced downward, standing out boldly, when the muscle is in action, on the front of the 
tibia and ankle-joint, and coursing down along the inner border of the foot to its insertion. 
The fleshy fibres of the Peroneus hmgua are strongly marked at the upper part of the outer 
side of the log, especially when the muscle is in action. It forms a bold swelling, separated 
by fuiix)W8 from the Extensor longus digitomm in front and the Soleus behind. Below, 
the fleshy fibres terminate abruptly in a tendon which overlaps the more flattened form 
of the Peronma hrevia. Below the external malleolus the tendon of the Peroneus brevis 
is more marked than that of the Peroneus longus. On the dorsum of the foot the tendons 
emerging from beneath the anterior annular ligament spread out, and can be distinguished, 
as follows : the innermost and largest is the Tibialis anticus ; the next is the Extensor 
proprius hallucis ; then the Extensor longus digitorum, dividing into four tendons to the 
four outer toes ; and lastly, the Peroneus tertius. The flattened form of the dorsum of 
the foot is relieved by the rounded outline of the fleshy belly of the Extensor hrevia 
digitorum, which produces a fulness on the outer side of the tarsus in front of the external 
malleolus, and by the Dorsal interossei, which bulge between the metatarsal bones. At 



the back of the knee is the popliteal space, bounded above by the tendons of the Hamstring 
muscles ; below, by the two heads of the Gastrocnemius. Below this space is the promi- 
nent fleshy mass of the calf of the leg, producied by the Oastrocnemdus and Soleus. When 
these muscles are in action, as in standing on tiptoe, the borders of the Gastrocnemius are 
well defined, presenting tw^o curved lines, which converge to the tendon of insertion. Of 
these borders, the inner is more prominent than the outer. The fleshy mass of the calf 
terminates somewhat abruptly below in the tendo Achillis, which stands out prominently 
on the lower part of the back of the leg. It presents a somewhat tapering form in the 
upper three-fourths of its extent, but widens out slightly below. When the muscles of the 
calf are in action, tl!e lateral portions of the Soleus may be seen, forming curved eminences, 
of which the outer is the longer, on either side of the Gastrocnemius. Behind the 
inner border of the lower part of the shaft of the tibia, a well-marked ridge, produced 
by the tendon of the Tibialis posticus, is visible when this muscle is in a state of 
contraction. 

• On the sole of the foot the superficial layer of muscles influences surface form. The 
AbdtKtor minimi digiti forms a narrow rounded elevation along the outer border of the 
foot, while the Abductor hallucis does the same, though to a loss extent, on the inner side. 
The Flexor brevis digitorum, bound down by the plantar fascia, is not very apparent ; it 
produces a flattened form, and is covered by the thickened skin of the sole, which is here 
thrown into numerous wrinkles. 
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Applied Anatomy , — The student should now consider the eifects produced by the 
action of the various muscles in fractures of the bones of the lower extremity. The more 
common forms of fracture are selected for illustration and description. 

In fracture of the neck of the femur internal to the mpaular ligament (iig. 554), the 
characteristic signs are slight shortening of the limb, and eversion of the foot, neither of 
which occurs, however, in some cases until some time after the injury. The eversion is 
caused by the weight of the limb rotating it outwards. The shortening is produced by the 
action of the Glutei, and by the Rectus femoris in front, and the Biceps, Semitendinosus 
and Semimembranosus behind. 

In fracture of the femur juat helow the trochantera (fig. 555), the upper fragment is 
tilted forwards almost at right angles with the pelvis, by the Tlio-psoas ; and, at the same 
time, everted and drawn outwards by the external rotator muscles and Glutei, causing a 
marked prominence at the upper and outer side of the thigh, and much pain from the 
bruising and laceration of the muscles. The limb is shortened, because the lower 


Fin. 555. — Fracture of the Fin. 556. — Fracture of the 
femur below the femur above the condyles, 

trochanters. 


Fin. 557. — Fracture of 
the patella. 
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fragment is drawn upwards by the Rectus iu front, and 
the Bicops, Semimembranosus and Semitendinosus behind ; 
it is, at the same time, everted. This fracture may bo 
reduced by relaxation of all the muscles involved, to 
cllect which the limb should be put up with the thigh flexed 
on the pelvis and tlic leg on tlio thigh. 

Oblique fracture of the femur immediately above the 
condylea (fig. 5.56) is a formidable injury, and attended 
with considerable displacement. On examination df the 
limb, the lower fragment may bo felt deep in the popliteal 
.space, being drawn backwards by the Gastrocnemius, and 
upwards by the Hamstring and Rectus muscles. Tlie 
pointod end of the upper fragment is drawn inwards by the 
Pectineus and Adductor muscles, and tilted forwards by 
the Psoas and Iliacus, piercing the Rectus muscle, and occasionally the integument. 
Relaxation of the§c muscles, and direct approximation of the broken fragments, are 
effected by placing tno limb on a double inclined plane. The greatest care is requisite in 
keeping the pointed extremity of the up^ier fragment in proper position ; otherwise, 
after union of the fracture, the power of extension of the limb is partially destroyed, 
the Rectus muscle being held down by the fractured end of the bone, and the patella, 
when elevated, being drawn upwards against the projecting fragment. 

In transverse fracture of the patdla (fig. 557) the fragments are separated by the 
action of the Quadriceps extensor and by the effusion which takes place into the joint ; 
the extent of separation of the two fragments depending upon the degree of laceration of 
the ligamentous structures around the bone. 

In oblique fracture of the shaft of the tibia (iig. 558), if the fracture has taken place 
obliquely from above, downwards and forwards, the fragments ride over .one another, the 
lower fragment being drawn backwards and upwards by the powerful action of the 
muscles of the calf ; the pointed extremity of the upper fragment projects forwards 
immediately beneath the integument, often protruding through it, and rendering the 
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fracture a compound one. If the direction of the fracture is the reverse of that shown in 
tlio figure, the pointed extremity of the lower fragment projects forwards, rising up on the 
lower end of the upper one. By bending the knee, w^hicli relaxes the opposing muscles, 
and making extension from the ankle and counter-extension at the knee, the fragments 
may be brought into apposition. It is sometimes necessary, how^ever, in compound 


Fio. .5r)8. — Oblique fracture of Fig. 559. — Fracture of the fibula, with dislocation 

the shaft of the tibia. of the foot outwards — ‘ Pott’s fracture.’ 




fracture to remove a portion of the projecting bone with 
the saw before complete adafitation can be ellccted. 

Fracture of the Jibuln with didomtion of the foot out- 
wards (tig. 559), commonly kiiow'ii as ‘ Poll's fracture,' is 
one of the most frequent injuries in the region of the 
ankle-joint. The fibula is fractured about three inelies 
above the ankle ; in addition to this the internal malleolus 
is broken olT, or the deltoid ligament 4;orn through, and 
tlic astragalus displaced from the corresponding surfaee of 
the tibia. Tlie foot is markedly everted, and the sharp 


edge of the upper end of the fractured malleolus presses strongly against the skin ; at the 


same time, the heel is drawn uj) by the mnsch's of the calf. This injury can generally be 
reduced by flexing the leg at right angles wnth the thigh, which relaxes all the opposing 
muscles, and by making (‘xtension from the ankle and counter-extonsion at the knee. 
There is later a great tendency for the foot to fall backwards at the ankle-joint, and 


constant supervision is required to count enw;t this. 
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T he vascular system is divided for d(\scrijjtive pur])oscs into (a) tlie blood 
vascular system, wIucjIi comprises the lieart and blood-vessels for ilie 
inflation of the blood ; and ij>) the lymph vascular system, consisting of 
lymphatic glands and vessels, tlirough which a colourless fluid, the lymph, 
circulates. It must bt^ noted, however, that the two systems (iommunicate 
with each other and are intimately associated developmentally. 

The heart is the central organ of the blood vascular system, and consists 
of a hollow muscle ; by its contraction the blood is j)umpe(l to all parts of tlie 
body tlirough a com})li(^at(‘d series of tubf*s, termed arteries. The arteries 
undergo enormous ramification in their course throughout tlie body, and end 
in very minute vessels, caJh^d arterioles, wliicli in tlieir turn op(*n into a close- 
meshed network of microscopic vessels, termed capillaries. After the blood has 
passed through the caiiillari(‘S it is collected into a series of larger vessels, 
called i^cius, by which it is again returned to the heart. The passage of the 
blood through tlu’! heart and blood-vessels constitutes what is termed the 
circulation of the blood, of wliicli the following is an outline.* 

The human lieart is divided by a septum into right and left halv(‘S, and 
each half is further divided into two cavities, an upper termed the auricle and 
a lowTr tlu^ ventricle. The heart therefore consists of four chambers, tw o, the 
right auricle and right ventricle, forming the right half, and two, the left 
auricle and left ventricle, the left half. The aurides are receiving chambers, 
and the ventricles distributing ones. The right half of the heart contains 
venous or impure blood ; the left, arterial or jiure blood. From the cavity 
of the left ventricle the })ure blood is carried into a large artery, the aorta, 
through the numerous branches of which it is distributed to all parts of the 
body, w ith the exception of the lungs. In its passage through the capillaries 
of the body the blood gives up to the tissues the materials m^cessary for their 
growth and nourishment, and at the same time j*eceives from the tissues 
the w^aste products resulting from their metabolism. In doing so it becomes 
v'hanged from arterial into venous blood, which is collected by the vcdiis and 
through them returned to the right auricle of the heart. From this cavity 
the impure blood passes into the right ventricle, and is thence conveyed 
through the pulmonary arteries to the lungs. In the capillaries of the lungs 
it again becomes arterialised, and is then carried to the left auricle by the 
pulmonary veins. From the left auricle it passes into the left ventricle, from 
which the cycle once more begins. 

The course of the blood fjom the left ventricle through the body generally 
to the right side of the heart constitutes tlic greater or systemic circulation, 
while its passage from the right ventricle through the lungs to the left side of 
the heart is termed the lesser or pulmonary circulation. 

It is necessary, however, to state that the blood which circulates through 
the spleen, pancreas, stomach, small intestine, and the greater part of the 
large intestine is not returned directly from these organs to the heart, but is 
collected into a large vein, termed the pon'tal vein, by which it is carried to the 
liver. In the liver this vein divides, after the manner of an artery, and ulti- 
mately ends in capillary vessels, from which the rootlets of a series of veins, 
called the hepatic veins, arise ; these caiTy the blood into the inferior vena 
cava, whence it is conveyed to the right auricle. From tliis it will be seen that 

* The composition of the blood and the structure of the blood-vessels are described in the 
section on Histology. 
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the blood contained in the portal vein passes through two sets- of capillary 
vessels : (1) those in the spleen, pancreas, stomach, &c., and (2) those in 
the liver. 

Speaking generally, the arteries may be said to contain pure, and the 
veins impure, blood. This is true of the systemic, but not of the pulmonary 
vessels, since it lias been seen that the impure blood is conveyed from the 
heart to the lungs by the pulmonary arteries, and the pure blood returned 
from the lungs to the heart by the pulmonary veins. Arteries, therefore, must 
be‘ defined as vessels which convey blood from the heart, and veins as vessels 
which return blood to the licart. 

The heart and lungs are situated in the thorax, the walls of which afford 
them protection. The heart lies between the two lungs, and is enclosed 
wdthin a membranous bag, the pericardium, w^hile each lung is invested by a 
serous membrane, the pleura. The skeleton of the thorax, and the shape and 
boundaries of the cavity, have already been described (page 202). 

The cavity of the thorax. — The capacity of the cavity of the thorax 
does not correspond w'ith its aiiparcnt size externally, because (1) the space 
enclosed by tlie lower ribs is occupied by some of the abdominal viscera ; and 
(2) the cavity extends above the first rib into the neck. The size of the tlioraci(? 
cavity is constantly varying during life with the movements of the ribs and 
Diaphragm, and with the degree of distension of the abdominal viscera. From 
the collapsed state of tin* lungs as seen wdien the thorax is opened in the dead 
body, it would apiiear as if the viscera only partly filled the cavity, but during 
life there is no vacant space, that which is seen after death being filled up by 
the expanded lungs. 

✓The upper opening of the thorax.-* The parts which pass through the 
upper opening of the thorax are, from b(‘for(‘ backw^ards in or near the middle 
line, the Sterno-hyoid and 8terno-thyroid muscles, the remains of the thymus 
gland, the inferior th^Toid v(uns, thct trachea, a^sophagiis, thoracic duct, and 
the Loiigus colli muscles ; at the sides, the innominate artery, the left common 
carotid and left subclavian arteries, tlie internal mamraar^^ and superior inter- 
costal arteries, the inno7ninate veins, the pneumogastric, cardiac, phrenic, and 
symi^athetie jierves, th(‘ greater part of tJie anterior primary divisions of the 
first thoracic nei've.s, and the recurrent laryngeal nerve of the left side. The 
apex of each lung, covered by the ]>l('ura, «also projcjcts through this aperture, 
a little above the level of the anterior end of the first rib. 

The lower opening of the thorax is w ider transversely than from before 
backweards. It slopes obliquely downwards and backwards, so that the 
thoracic cavity is much deeper behind than in front. The Diaphragm (see 
page 501) closes tlu' opening and forms the floor of the thorax. The floor is 
flatter at the (centre than at tlu! sides, and higher on the right side than on the 
left ; in the dead body the right side reaches tlie level of the ux^per border of 
the fifth (jostal cartilage, while the left extends only to the corresponding part 
of the sixth costal cartilage. From the highest point on each side the floor 
slopes suddenly downw^ards to the costal and vertebral attachments of the 
Diaphragm ; this slope is more marked behind than in front, so that only a 
narrow' sf)ac*e is left between the Diaphragm and the posterior w'all of the 
thorax. 

The PigaiOARDiuM 

The Pericardium (fig. 560) is a conical fibro-serous sac;, in w hich the heart 
and the roots of the great vessels are contained. It is placed behind the 
sternum and the cartilages of the third, fcAirth, fifth, sixth, and seventh ribs 
of the left side, in the interval between the ifieiiraj. 

front, it is s(‘paratc*d from the anterior w^alkof the thorax, in the greater 
part of its extent, by the lungs and pleurae ; but a small area, somewhat 
variable in size, and usually corresponding wdth the left half of the lower 
portion of the gladiolus of the sternum and the inner extremities of the 
cartilages of the fourtli and fiftli ribs of the left side, comes into direct relation- 
ahip with the chest- wall. The low'er extremity of the thymus. gland, in the 
child, is in contact with the front of the upper part of the pericardium. 
Behind, it rests upon the bronchi, the oesophagus, and the descending thoracic 
aorta. Laterally, it is covered by the pleura, and is in relation with the inner 
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surfaces of the lungs ; the phrenic nerve, with its accompanying vessels, 
descends between the pericardium and pleura on either side. 

Structure of the Pericardium. — Although the pericardium is usually 
described as a single sac, an examination of its structure shows that it 
consists essentially of two sacs intimately connected with one another, but 
totally different in structure. The outer sac, known as the fibrous ^pericardium, 
consists of fibrous tissue. The inner sac, or serous pericardium, is composed of 
a delicate membrane which lies within the fibrous sac and lines its Avails ; the 
heart invaginates the wall of the serous sac from above and behind, and 
practically obliterates its cavity, the space being a potential one, except in 
front, where a small interspace exists below the a])ex of the heart. 


Fici. 560. — Posterior wall of the pericardial sac, showing the lines of reflection 
of the serous pericardium on the great vessels. 
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The fibrous pericardium forms a flask-shaped bag, the neck of which is 
closed by its fusion with the external coats of the great vessels, while its base 
is attached to the central tendon and to the muscular fibres of the left side of 
the Diaphragm. In some of the lower mammals the base is either completely 
separated from the Diaphragm or joined to it by some loose areolar tissue ; in 
man much of its diaphragmatic attachment consists of loose fibrous tissue 
which can be readily broken down, but over a small area the central tendon 
of the Diaphragm and the pericardium are completely fused. Above, the 
fibrous pericardium not only blends with the external coats of the great 
vessels, but is continuous with the pretracheal layer of the deep cervical fascia. 
By means of these upper and lower connections it is securely anchored withui 
the thoracic cavity. It is also attached to the posterior surface of the sternum 
by two fibrous bands, the superior and inferior sterru)-pericardiac ligaments 
(ligg* sternopericardiaca) ; the upper passing to the manubrium, and the 
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lower to the ensiform cartilage. On either side of the ascending aorta it sends 
upwards a diverticulum ; Die one on the left side, somewhat conical in shape, 
passes upwards and outw ards, between the arch of the aorta and the pulmonary 
artery, as far as the obliterated ductus arteriosus, w^herc it terminates in a 
csecal extremity wJiich is attached by loose connective tissue to the obliterated 
duct. TJhj one on the right side passes upwards and to the right, betw'een 
the ascending aorta and vena cava superior, and also terminates in a blind 
extremity. 

The vessels receiving fibrous prolongations from this membrane are, the 
aorta. Die superior vena c‘ava, the right and left pulmonary arterites, the four 
pulmonary veins, and tJie obliterated ductus arteriosus. The inferior vena 
cava enters the pc'ricardium through the central tendon of the Diaphragm, 
and receives no covei’ing from the fibrous layer. 

The ficroiis pericardium is, as already stated, a closed sac which lines the 
fibrous pericardium and is invaginated by the heart ; it tlierefore consists of 
a visceral and a parietal portion. The visceral portion, or epicardium, covers 
the heart and the great vessels, and from the latter is continuous with the 
[lariotal layer which lines Die fibrous pericardium. The jiortion which covers 
tlic vessels is arranged in the form of two lubes. TJie aorta and pulmonary 
artery arc enclosed in one tube, the arterial mesoenrdium. The superior and 
inferior venai cavae and the four pnhnonary veins are enclosed in a second 
tube, Di(‘ venous mesocardium, the attachnumt of wliieh to the parietal layer 
Ijresents the shape of an inverted U. The cul-de-sac enclosed between the limbs 
of the n is knowm as the oblique sinus, while the passage betw^een the N cnous 
and arterial mesocardia — i.e. between the aorta and pulmonaiy artery in 
front and Die auricles behind — is termed the transverse sinus (sinus trails- 
versus pericardii). The serous pericardium is smooth and glistening, and 
secretes a serous fluid, which serves to facilitate the movements of Du*, heart. 

The vestigial fold of the pericardium, — Between the left pulmonary 
artery and subjacent pulmonary \'ein is a triangular fold of the serous peri- 
cardium ; it is known as the vestigial fold of Marshall. It is formed by the 
duplicature of the serous layer over Dn^ remnant of the low'cr })art of the left 
superior vena cava (duet of Ckivier), w^hich becomes obliterated after Viirth, 
and remains as a fibrous band stretching from the left superior intercostal 
vein to the left auricle, where it iS'*contiiiuous with a small vein, the oblique 
v'cin of Marshall, which opens into the coronary sinus. 

The arteries of the pericardium are derived from the internal mammary and its 
miisculo-phrenic brancli, and from the descending thoracic aorta. 

The nerves of the pericardium are derived from the pneumogastries, the 
plireiiics, and the sympathetic. 

Applied A rmlmny . — Theeflusion of fluid into the pericardial sac often occurs in acute rheu- 
matism or pneumonia, or in patients with chronic vascular and renal disease, embarrassing 
the heart’s action and giving rise to signs of cardiacs distress, such as pallor, a ra})id and feeble 
pulse, d3rspnoE*a, and restlessness. On examination, the apical cardiac impulse is absent, 
or replaced by a more extensive indefinite and wavering pulsation ; it may appear to be 
in the second, third, or fourth left space, and is then not an apox-impulse, as Potain has 
stated, but due to the impact of some portion of the heart-wall nearer its base. In children 
the prfiecordial intercostal spa(;es may bulge outwards. The most striking sign, however, 
is the great increase in all directions of the pr;ecordial dulness on percussion. I’his becomes 
pear-shaped, the stalk of the pear rcacliing uj> to about the left sterno -clavicular articu- 
lation ; the dulness also extends some distance to the right of the sternum, particularly 
in the fifth interspace (Roteh).- The fluid collects mainly on either side of the heart, and 
below it, especially on the left side, where the Diaphragm can yield more readily to pressure 
than it can on the right. Ewart has drawn attention to the 2)r(isenco of a square patch of 
dulness over the base of the left lung behind, reaching up to the level of the ninth or tenth 
rib, and extending o\itw'ards as far as the lower angle of the scapula ; the underlying lung- 
tissue gives the physical signs of compression or collapse. 

Paracentesis of the pericardium is often required to relieve the urgent cardiac or 
respiratory distress in these eases, and should be performed w ithout hesitation and before 
the patient is in ertremis. It may also bo required when the pericardium is filled with 
blood or pus, and as it is advisable to perform this operation without transfixing the 
pleura, the puncture should be made either in the fifth or sixth intercostal space on the 
left side and close to the sternum, so as to avoid wounding the internal mammary artery, 
ivhich descends about half an inch from the sternal margin ; or the needle may be entered 
at the left costo- xiphoid angle and made to pass iqiwards and backw'ards behind the lower 
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end of the body of the sternum into the pericardial sac. Curschmann,* however, argues 
that the heart itself necessarily lies almost in contact with the anterior wall of the thorax 
even in cases of the largest pericardial effusion, so that there is risk of piercing it if the 
puncture is made in the fourth or fifth loft intercostal space within even so much as two 
or three inches of the sternal margin. He therefore advises that in moderately large ]K>ri- 
cardial effusions the trochar should he inserted in the left mamillary line, and outside 
it if the effusion is very large, in the fifth or sixth interspace. In consequence of the 
uncertain and varying position of the anterior reflexion of the pleura, transfixion of the 
pleural sac cannot always be avoided. Pericardiotomy is required when the effusion is 
of a purulent nature. In this operation a portion of the fifth or sixth co.stal cartilage is 
excised. An incision is made along the left border of the sternum from the upper border 
of the fourth cartilage to the seventh. Transverse incisions an inch long arc then made 
outwards from cither extremity of this, and the rectangular flap thus formed reflected 
outwards. The fifth costal cartilage is now soparnted from the sternum by means of a 
gouge, great care being taken not to let the instrument slip and penetrate loo deeply. 
The cartilage is then seized with lion forceps and raised, the tissues beneath it being 
jHjcled off, so as to avoid wounding the internal mammary artery or the pleura. The 
Triangularis sterni is now scratched through, with a director or the nail of the index linger, 
close to the sternum, and the pericardium felt for and opened, the finger guarding the 
I)l(*iira and left internal mammary artery. 

The Hevkt 

The Heart (cor) is a hollow inuseular organ of a somewhat conical form ; 
it lies between tlu^ lungs in the middle mediastinum and is enclosed in the 
p(‘ricardium. 


Fio. 561.— Showing relations of ojjcned lieart to front of chest. 



Ao. Aorta. AL\ Anterior pupillary iiiiisclo. In. In uoiuiuutc artery, luf. Infundibular sogmont of ti'icubpid valve. 
TjOC. Left common carotid artery.' LS. Left Hubdaviaa artery. i^V. liCft ventricle. TA. J’ulinonary artery. 
IIA. Ifight auricle. ItV, itight ventricle. VS. Ventricular septum. 

Position (fig. 561). — It is placed obliquely in the chest behind the 
gladiolus- and adjoining parts of the rib cartilages, and projects farther into 
the left than into the right half of the thoracic cavity, so that about oiic- 

* 'I'herapie der Getjenwarf^ 1905. 
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third of it is situated on the right and. two-thirds on the left of the mesial 
plane. 

Size. — The heart, in the adult, measures about five inches in length, three 
inches and a half in breadth at the broadest part, and two inches and a half 
in thickness. Its weight, in the male, varies from ten to twelve ounces ; in 
the female, from eight to ten : the proportions to the body-weight being as 
1 to 169 in males ; 1 to 149 in females. The heart continues to increase in 
weight and size up to an advanced period of life : this increase is more marked 
in men tlian in women. 

Component Parts. — As has already been stated (page 597), the heart is 
subdivided by a septum into right and left halves, and a transverse constriction 
subdivides each half of the organ into two cavities, the upper cavity being 
called the auricle, the lower the ventricle. The heart therefore consists of 


Fro. 562. — Base and postero-inferior surface of heart. 


V(‘ha (izfjffos mujor 
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four chambers, viz. right and left auricles, and right and left ventricles. 
The course of the blood through the heart cavities and blood-vessels has 
already been described (page 597). 

The division of the heart into four cavities is indicated on its surface' by 
grooves. The auricles are separated from the ventricles by the auriculo- 
veniricular groove (sulcus coronarius). It contains the trunks of the nutrient 
vessels of the heart, and is deficient in front, where it is crossed by the root of 
the pulmonary artery. The interauricular groove, separating the two auricles, 
is scarcely marked on the posterior suiiace, while anteriorly it is hidden by 
the pulmonary artery and aorta. The ventricles are separated by two grooves, 
the interventricular grooves, one of which (sulcus longitudinalis anterior) is 
situated on the antero-superior surface close to the left margin of the heart, 
the other (sulcus longitudinalis posterior) on the postero-inferior surface near 
the right margin ; these grooves extend from the base of the ventricular 
portion to a point a little to the right of the apex of the heart. 
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The base (basis cordis) (fig. 662), directed upwards, backwards, and to the 
right, is separated from the fifth, sixth, seventh, and eighth thoracic vertebrae 
by the oesophagus, aorta, and thoracic duct. It is formed mainly by the left 
auricle, and, to a small extent, by the back part of the right auricle. Some- 
what quadrilateral in form, it is in relation above with the bifurcation of the 
pulmonary artery, and is bounded below by the posterior part of the auriculo- 
ventricular sulcus, containing the coronary sinus. On the right it is limited 
by the sulcus terminalis of the right auricle, and on the left by the vestigial 
fold and oblique vein of Marshall. The four pulmonary veins, two on eitrier 
side, open into the left auricle, whilst the superior vena cava opens into the 
upper, and the inferior vena cava into the lower, part of the right auricle. 

The apex (apex cordis) is directed downwards, forwards, and to the left, 
and is overlapped by the left lung and pleura : it lies behind the fifth left 
intercostal space, three and a lialf inches from the mid-stemal line, or about 
an inch an(^ half below and three-quarters of an inch to tlie inner side of the 
left nipple. 

Fig. 56.3. — Antero-superior surface of heart. 



The antero-supa ior surface (facies stcrnocostalis) (fig. 563) is directed 
forwards, upwards, and to the left. Its lower part is convex, formed chiefly 
by the right ven^ficlc, and is traversed near its left margin by the anterior 
interventricular furrow. Its upper part is separated from the lower by the 
auric ulo- ventricular groove ; it is formed by the auricles, and presents a deep 
concavity (tig. 566), occui)icd by the ascending aorta and the pulmonary 
artery. 

The poster o-inferior surface (facies diapbragmatica) (fig. 562), which looks 
downwards and slightly backwards, is formed by the ventricles, and rests 
upon the central tendon and a small part of the left muscular portion of 
the Diaphragm. It is separated from the base by the posterior part of the 
auriculo- ventricular furrow, and is traversed obliquely by the posterior intei- 
ventricular groove. 

The right margin of the heart is long, and is formed by the right auricle 
above and the right ventricle below. The auricular portion is almost vertical, 
and is situated behind the third, fourth, and fifth right costal cartilages about 
half an inch from the margin of the sternum. The ventricular portion, thin 
and sharp, is named the margo acutus ; it is nearly horizontal, and extends from 
the sternal end of the sixth right costal cartilage behind the lower end of the 
gladiolus to the apex of the heart. 
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The left margin, ov margo obtuaus, is short, tirifeVJS"tt7iu founded : it is 
formed mainly by the left ventricle, but to a slight extent, above, by the left 
auricle. It extends from a point in the second left intercostal space, about an 
inch from the stermil margin, obliquel^'^ downwards, M^ith a convexity to the 
left, to the apex of the heart. 

The Rig:ht Auricle (atrium dextrum) is the larger of the two auricles, 
although its walls are somewhat thinner than those of the left, measuring 
about 2 mm. ; its cavity is capable of containing about tw'o ounces. It 
consists of tw-^o parts : a principal cavity, or smus venosus (sinus veiiarum), 
situated posteriorly, and an anterior, smaller j)ortion, the appendix auriculce. 

The sinus veno^ms is the large quadrangular cavity placed between the two 
venae cavae. Its walls, wliicJi are extremely thin, are connected below’ w ith the 
right ventricle, and internally with the left auricle, but are free in the rest of 
their extent. 

The appatuiix auriculm, so called from its fancied reseinblan^ to a dog’s 
ear, is a small conical muscular pouch, the margins of which present a dentated 
edge. It projects from the sinus forwards and towards the left side, over- 
lapping the root of the aorta. 

The separation of the appendix from the sinus venosus is indicated 
externally by a groove, the sulcus termivalis (His), which extends from the front 
of the su])erior vena cava to the front of the inferior vena cava, and repre- 
sents the line of union of the sinus venosus of the embryo wdth the primitive 
auricle. On the inner w all of the auricle the separation is marked by a vertical, 
smooth, muscular ridgt*, the crista terminal is (His). Beliind the crista the 
internal surface of the auricle is smooth, while in front of it the muscular fibi’cs 
of the w all are raised into parallel ridges resembling the teeth of a comb, and 
hence named the musculi pcctinati. 

Its interior (fig. 564) jiresents the follow ing parts for examination : 

Tior vena cava. 

I Inferior vena cava. 

Openings^i Coronary sinus. 1 Eustachian. 

Foramina Tkabesii." vCv - . . w I Thebesian . 

Auriculo-ventricular. ^ ‘ . 

Fossa ovalis. . ^ ^ 

v., ^Autuihis ovalis. % u 
* Tubercle of Low er. 

Musculi pectinati. 

(Vista terminalis. 

The superior vena cava returns th(^ blood from the upx)er half of the body, 
and opens into Hie up]ier and back part of the auricle, the direction of its 
orifice being dow’nwards and foi’wards. Its opening has no valve. 

The inferior vena cava, larger than tlie superior, returns the blood from 
the lowor half of the body, and opens into Hie low^t\st part of the auricle, near 
the interauricular septum, its orifice being directed upw ards and inwards, and 
guarded by a rudimentary valve, the Eustachian valve. The blood which enters 
th(‘ auricle through the superior vena cava is directed dow'iiwards and 
forwards, i.c. towards the auricmlo-ventrieular orifice, wdiilst that entering it 
through tJie inferior vena cava is dirt'cted upw^ards and backw'^ards tow^ards 
the interauricular septum. This is the normal direction of the tw'^o currents 
in hetal life. 

The coronary sinus opens into the auricle, betw^een the inferior vena cava 
and the auriculo- ventricular opening. It returns blood from the substance 
of the lieart, and is protected by a semicircular valve, tlie coro'nary valve, or 
valve of Thehesivs. 

The foramina Thehesii (foramina venarum minim arum) arc depressions 
in the walls of the auricle : the majority of these are culs-de-sac, but about 
one-third are the orifices of minute veins {veMce minimee cordis) y whicli return 
blood directly from the muscular substance of the heart. 

The auriculo-ventricuUtr opening is the large oval aperture of communica- 
tion between the auricle and the ventricle ; it will be described with the right 
ventricle. 
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The venae cavae inferioris) is situated in front of 

the orifice of the inferior vena cava. It is semilunar in form, its convex margin 
being attached to the anterior margin of the caval orifice : its concave mar^n, 
which is free, terminates in two cornua, of which the left is continuous with 
the anterior edge of the annulus ovalis wliile the right is lost on the wall 
of tlie auricle. The valve is formed by a duplicature of the lining membrane 
of the auricle, containing a few' muscular fibres. In the feeius this valve is of 
large size, and serves to direct the blood from the inferior vena cava, through 
the foramen ovale, into the left auricle. In the adult it occasionally persists, 
and may assist in preventing the reflux of blood into the inferior vena cava ; 
more commonly it is small, and may present a cribriform or filamentous 
appearance ; sometimes it is altogether w anting. 

The Thehesian valve (valvula sinus coronarii) is a semicircular fold of the 
lining membrane of the auricle, at the orifice of the coronary sinus. It 
prevents the regurgitation of blood into ihe sinus during the contraction 
of the auricle. This valve may be double. 


Fio. .564.— The right auricle and ventri'de laid open, the anterior walls 
of both having been removed. 



The fossa ovalis is an oval depression on the posterior w’all of the auricle, 
and corresponds to the situation of the foramen ovale in the foetus. It is 
situated at the low^er part of the auncular septum, above and to the left of the 
orifice of the inferior vena cava. 

The annulus ovalis (limbus fossse ovalis) is the prominent oval margin of 
the fossa ovalis. It is most distinct above and at the sides of the fossa ; below', 
it is deficient. A small slit-like valvular opening is occasionally found, at the 
upper margin of tlie fossa ovalis, leading upwards, beneath the annulus, into 
the left auricle ; it is the remains of the foetal ajicrture between the two 
auricles. 

The tubercle of Lower (tuberculum intervenosum) is a small projection 
on the posterior w^all of the auricle, above the fossa ovalis. It is distinct in the 
hearts of quadrupeds, but in man is scarcely visible. It w as supposed by Lower 
to direct the blood from the superior vena cava tow'ards the auriculo-ventricular 
opening. 



606 


ANGKJjPGY 


The Rig^ht Ventricle (vontriculus dexter) in form, and 

extends from the right auricle to near the apex of the heart. Its antero- 
superior surface is rounded and convex, and forms the larger part of the front 
of the heart. Its under surface is flattened, rests upon the Diaphragm, and 
forms a small part of the postero-inferior surface of the heart. Its posterior 
wall is formed by the septum between the two ventricles, the septum vmtri- 
culoruru, which bulges into the right ventricle, so that a transverse section 
of the cavity presents a semilunar outline. Its upper and inner angle forms 
a conical pouch, the 'in/undihulum, or conus arteriosus ^ from which the 
pulmonary artery arises. A tendinous band, which may be named the tendon 
of the conus arteriosus^ extends ux)wards from the right auriculo- ventricular 
fibrous ring and connects the posterior surface of the conus arteriosus to the 
aorta. The wall of the right ventricle is thinner than that of the left, the 
proportion between them being as 1 to 3 ; it is tliickest at the base, and 
gradually becomes thinner towards the apex. The cavity equals in size that 
of the left ventricle, and is capable of containing about three fluid ounces. 

Its interior (fig. 564) presents the following parts for examination : 


Openings 


I Right auriculo- ventricular, 
i Pulmonary artery. 


Columnse carnea?. 


Valves 


Tricuspid. 

Pulmonary. 


Chordae tendineae. 


The right auric ulo-ventricular aridee is the large oval aperture of com- 
munication between the right auricle and ventricle. Situated at the base of 
the ventricle, it measures about an inch and a half in diameter, and is 
surrounded by a flbrous ring, covered by the lining membrane of the heart ; it 
is considerably larger than the corresponding aperture on the left side, being 
sufficient to admit the ends of four fingers. It is guarded by the tricuspid 
valve. 

The opening of the pulmonary artery is circular in form, and situated at 
the summit of the conus arteriosus, close to the septum vontriculorurn. It is 

placed above and to the left of 
the auriculo- ventricular open- 
ing, and is guarded by the 
pulmonary valved. 

Tht? tricuspid valve (valvula 
tricuspidalis) (figs. 564, 565) 
consists of three somewhat 
triangular cusps or segments. 
The largest cusp is interposed 
betwee/i the auriculo- ventri- 
cular orifice and the infundi- 
bulum, and is termed the in- 
fundihular cusp, A second , the 
marginal cusp, is in relation 
to the light margin of the ven- 
tricle, and a ‘third, the septal 
cuspy to the interventricular 
septum. They are formed by 
duplicaturcs of the lining mem- 
brane of the heart, strengthened 
bj'^ intervening layers of fibrous 
tissue : their central parts are 
tliick and strong, their marginal portions thin and translucent, and in the 
angles between the latter small intermediate segments are sometimes seen. 
Their bases are attached to a fibrous ring surrounding the auriculo-ventricular 
orifice and are also joined to each other so as to form a continuous annular 
membrane, while their apices project into the ventricular cavity. Their 
auricular surfaces, directed towards the blood current from the auricle, are 
smooth ; their ventricular surfaces, directed towards the wall of the ventricle, 
are rough and irregular and, together with the apices and margins of the 
cusps, give attachment to a number of delicate tendinous cords, the chordcB 
temineee. 


Fio. 565. — Base of ventricles exposed by removal 
of the auricles. 
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The columncB carnea (trfl,hpr»ulg^ oArnAga) are rounded or irregular muscular 
columns which project from the whole of the inner surface of the ventricle, with 
the exception of the conus arteriosus. They are of three kinds : some are 
attached along their entire length on one side and merely form prominent 
ridges, others are fixed at their extremities but free in the middle, while a 
third set (musculi papillares) are continuous by their bases with the wall of the 
ventricle, while their apices give origin to the chordss tendineas which pass to 
be attached to the segments of the tricuspid valve. There are two papillary 
muscles, anterior and posterior : of these, the anterior is the larger, and its 
chordaB tendineaB are connected with the marginal and infundibular cusps of tlie 
valve ; the posterior sometimes consists of two or throe muscular columns ; its 
chordaB tendineaB are connected with the septal and marginal segments. In 
addition to those, some chordaB tendineaB spring directly from the ventricular 
septum, or from small papillary eminences on it, and pass to the septal and 
infundibular segments. A fleshy band, well marked in sheep and some other 
animals, frequently extends from the base of the anterior papillary muscle 
to the interventricular septum. Prom its attachments it may assist in 


Fig. 566. — Heart seen from above. 
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preventing over-distension of the ventricle, and so has been named the 
moderator hand. 

The pulmonary valve (fig. 666) consists of three semilunar segments (valvulas 
semilunares a. x)ulmonalis) , two in front and one behind, formed by a dupli- 
cature of the lining membrane, strengthened by fibrous tissue. They are 
attached, by their outer convex margins, to the wall of the artery, at its 
junction with the ventricle, their inner borders being free and directed upwards 
into the lumen of the vessel. The free and attached margins of each are 
strengthened by tendinous fibres, and the former presents, at its middle, a 
small projecting thickened nodule, called the corpus Arantii (nodulus valvulse 
semilunaris). From this nodule tendinous fibres radiate through the segment 
to its attached margin, but are absent from two narrow crescentic portions, 
the lunulas (lunulse valvularum semilunarum), placed one on either side of the 
nodule immediately adjoining the free margin. 

Between the semilunar segments and the wall of the pulmonary artery 
are three pouches or dilatations,. the sinuses of ValsalvSc/ Similar but larger 
4»inuses exist between the semilunar segments of the aortic valve and the 
wall of the aorta. 
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The Left Auricle (atrium sinisirum) is railier smaller than the right, 
but its walls are tliielcer, measuring about 3 mm. ; it consists, like the right, 
uf two parts, a jmncijnil cavity and an appendix auriculce. 

The principal cMvify is cuboidal in form, and concealed, in front, by the 
pulmonary artery and aorta ; in front and to tire right, it is separated from 
the right auricle by the septum auricularum ; bcliind, it receives on either 
side the tw o pulmonary veins. 

The appendix auriculce is somewhat constricted at its junction vvitli the 
pr incipal cavity ; it is longer, narrower, and more curved than that of the 
right side, and its margins are more deejrly indented. It is directfid forwards 
and tow ards the rigid and o^'erlaps the root of the pulmonary artery. 

The interior of tlu^ left auricle (fig. 567) presents the following parts for 
examination : 

Tlie openings of the four pulmonary veins. 

Left auriculo-vrmtricular ojrening. 

Museuli pectinati. 

I’he pidnwnary veivs, four in number, oi)en into tlie upper jiart of the 
posterior surfa(^e of the left auricle— two on either side of its middl(‘ line 


Fio. 507. —The left auricle and ventricle laid open, the posterior walls of- 
both having been removed. 



they are not provided with valves. The tw'O left veins frequently terminate 
by a common opening. 

The left auricMlo-vPMtricular opening is the aperture betw^een the left auricle 
and ventricle, and is rather smaller than the corresponding opening on the 
right side. 

The mufiCidi pectinati, fewer and smaller than in the right auricle, are 
^confined to the inner surface of the appendix. 

On the septum auricularum may be seen a lunated impression, bounded 
below by a crescentic ridge, the concavity of which is turned upwards. Tlie 
depression is just. above the fossa ovalis of the right auricle. 

, The Left Ventricle (ventriculus sinister) is longer and more conical in 
shape than the right, and on transverse section its cavity presents an oval or 
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nearly circular outline. It forms a small i)art of the antero-superior surface 
and a considerable part of the postero-inferior surface of the heart. It also 
forms the apex of the heart. Its walls are about three times as thick as those 
of the right ventricle. 

Its interior (fig. 567) presents the following parts for examination ; 

auriculo- ventricular. _ ( Bicuspid or Mitral. 

Openings ! Valves 

Chordae tcndineae. Columnae carncae. 

The left auricvlo’ventricular opening is placed below and to tlie left of the 
aortic orifice. It is a little smaller than the corresponding aperture of the 
opposite side, admitting only two fingers. It is surrounded by a dense fibrous 
ring, covered by the lining membrane of the heart, and is guarded by the 
bicuspid or mitral valv(\ 

"Phe aortic opening is a circular aperture, in front and to the right side 
of tlie auriculo-ventricular, from which it is separated by the aortic cusp of 
the mitral valve. Its orifice is guard(‘d by tlic aortic valve, wliich consists of 
three S(^niilunar segments. The portion of the veiitiicle immediately below 
the aortic orifice is termed the aortic vtstihulc, and possesses fibrous instead 
of muscular walls. 

The hicusjM or mitral valve (fig. 565) is attached to the circumference of the 
auriculo-ventricular orifice in the same way that tlie tricusj)id valve is on the 
opposite side. It consists of two triangular cusps, formed by duplicatures of 
tlu‘ lining membrane, strmigthened by fibrous tissue, and epataining a few 
muscular fibres. The cusps are of unequal size, and arc ^rHjj^^hickcr, and 
stronger than thosci of the tricuspid valve. The larger cusp is^jked in front 
and to the right between the aurj(;ulo- ventricular and aortic oSces, and is 
known as the aortic cw.sp ; the smaller is placed behind and to till left of the 
opening. Two smalltir cusps are usually found at the angles of iunction of 
the larg(‘r. The (jusps of the mitral valve are furnished with chord® teudinca^, 
which are attached in a manner similar lo those on tlu^ right side ; they 
are, liowever, thicker, stronger, and less numerous. 

TJic aortic valve (fig. 560) consists of throe semilunar segments, ^robh 
surround the orifice of the aorta ; tw'o are posterior (right and left) and one 
anterior.* Tliey arc similar in structure, and in their mode of attachment, 
to tliose of tlio pulmonary valv(‘, but larger, thicker, and stronger ; the 
lunula' are more distinct, and the corpora Arantii thicker and more prominent. 
()pjK)sitctlic segments tlic wall of the aorta pres(*nts slight dilatations (sinvses 
of Valsalva), wdiichare larger than those at the origin of the pulmonary artery. 

The colu7nnce carnem are of three kinds, like tlio^o upon llie right side, but 
they ar’c more numerous, and xircsent a dense interlacement, especially at 
the apex, and upon the posterior 'wall. I’lie rnuscnli papillares are two in 
number, one b(dug comicetcd to the anterior, the oilier to tlu' posU'iior w^all ; 
they are of large size, and terminate by free rounded extremities, from which 
the chorda? tcndiriea* arise. The chorda* tondiuea* from ea(0i papillary muscle 
arc comiectod to both cusps of the mitral valve. 

1'he intervefltricular septum (septum ventriculorum) (fig. 568) is directed 
obliqucily back wards and to the right, and is curved witli the convexity towards 
the right ventri(de : its margins correspond w ith the inticr ventricular grooves. 
The greater portion of it is thick and muscular (septum musculare ventricii- 
lorum), but its upper and posterior part, which separates the iiortic vestibule 
from the lower part of the right auricle and upper part of the right ventricle, 
is thin and fibrous, and is termed the pars mendiranacea, (septum membrana- 
ceum ventriculorum). An abnormal communication may exist betw^een the 
ventricles at this part owing to defective development of the septum. 

Structure. — The heart consists of muscular fibres, and of fibrous rings which 
serve for their attachment. It is covered by the visceral layer of the serous 
pericardium (epicardium), and lined by the endocardium. Between these two 
rn^mbranes is the muscular wall or myocardium. 

The endocardium is a thin, smooth membrane which lines and gives the 
glistening appearance to the inner surface of the licart ; it assists in forming the 
valves by its reduplications, and is continuous wfith the lining membrane of the 
large blood-vessels. It consists of connective tissue and elastic fibres, and is 
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attached to the muscular structure by loose elastic tissue which contains blood- 
vessels and nerves ; its free surface is covered by endothelial cells. 

The fibrous rings (annuli fibrosi) surround the a uriculo- ventricular and arterial 
orifices, and are stronger upon the left than on the right side of the heart. The auri- 
culo-ventricular rings serve for the attachment of the muscular fibres of the auricles 
and ventrieb's, and for the attachment of the mitral and tricuspid valves. The left 
auriculo-vejitriciihir ring is closely eonneett^d, by its right margin, with the aortic 
arterial ring ; bet>veen these and the right auriculo-ventricular ring is a triangular 
mass of fibrous tissue (trigonum fihiosum) which represents the os cordis seen in the 
heart of some of the larger animals, as the ox and elephant. Lastly, there is the 
tendinous band, already referred to (p. 606), on the posterior surface of the conus 
arteriosus. 

The fibrous rings surrounding the arterial orifices serve for the attachment 
of the great vessels and sejuiluiiar valves. Each ring receives, by its vcnitricular 
margin, the attncliment of some of the muscular fibres of the ventricles ; its opposite 
margin ])rescnts three deep semicircular notclies, to which the middle coat of the 


568. — Section of Ihe heart showing the interventricular se})liini. 



artery is firmly fixed. Tin? attachment of the artery to its fibrous ring is 
strengthened by the thin cellular coat and serous membrane externally, and by 
the endocardium internally. From the margins of the semicircular notches, the 
fibrous structure of the ring is continued into the segments of the valve. The 
middle coat of the artery in this situation is thin, and the wall of the vessel is 
dilated to form the sinus(?s of Valsalva. 

The muscular structure of the heart consists of bands of fibres, which present 
an exceedingly intricate interlacement. They consist, of (a) the fibres of the 
auricles, (6) the fibres of the ventricles, and (c) the auriculo-ventricular bundle 
of His. f. 

The fibres of the auricles are arranged in two layers^a superficial common to 
both cavities, and a de(*,p proper to each. The su'perficmJIhres are more distinct 
on the front of the auricles, across the bases of which'- they run in a transverse 
direction, forming a thin and incomplete layer. Some ;filires. run into the 

septum auricularum. The deep jihre^ consist of looped and annular i^r6sj ' Tl^ 
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looped fibres pass upwards over each auricle, being attached by their two extremi- 
ties to the corresponding auriculo-vcntricuiar ring, in front and behind. The 
annular fihre^^ surround the appendices auriciilarum, and form annular bands 
around the terminations of the veins and around the fossa ovalis. 

The fibres of the ventricles are arranged in a complex maimer, and various accounts 
have been given of their course and connections. The following description is 
based on tlie work of McCallum.* They consist of superficial and deep layers, all 
of which, with the exception of two, are insertcMl into the papillary muscles of the 
ventricles. The superficial layers consist of the following, (a) Fibres whicli spring from 
the tendon of the conus arteriosus and sweep downwards and towards the left across 
the anterior interventricular furrow and around the apex of the heart, where they 
pass upwards and inwards to tei ininatc in the papillary muscles of the left ventricle. 
Those which spring from the upper half of the tendon of the conus arteriosus pass 
to the anterior j)a pillary muscle, those from the lowcn* half to the posterior papillary 
muscle and the papillary niLiscl(',s of the septum, (b) Fibres which arise from the 
riglit auricuio-vcmtricular ring and run diagonally across tlie })ack of the right 
ventricle and round its riglit border on to its ajitorior surface, where they dip 
beneath the fibres just described, and, ciossing the interventricular groove, wind 
around the apex of the heart and terminate in the posterior papillary muscle of 
the left ventricle, (c) Fibres which spring from the left auriculo- ventricular ring, 
and, crossing the posterior interventric.ular i arrow, pass successively into the right 
ventiicle ajj(i end in its })apillary muscles. The deep layers are three in number : 
they arise in the papillary muscles of one ventricle ami, curving in an S-shapod 
manner, turn in at the interventricular furrow and end in tlui papillary muscles of 
the other ventricle. The layer which is most su])erficial in the right ventricle 
lies next thci lumen of the left, and vice versa. Those of tlie first layer almost 
encircle tlie right ventricle, and, crossing in the septum to the left, unite with the 
superficial fibres from the right auriculo-vcntricuiar ring to form the posterior 
papillary muscle. Tlioso of the second layer have a less extensive course in the 
wall of the right ventricle, and a correspondingly gron.t(5r course in the left, where 
tlit*y join with the superficial fibres from the anterior half of the tendon of tin*, conus 
artciriosus to form tlic papillary muscles of the septum. Those of the third layer 
pass almost entirely round the left ventrichi and unite with tlu^ superficial fibres 
from the lower half of the tendon of tin' coiius arteriosus to form th(i anterior 
papillary muscle. Hesides the layers just described there are two bauds which 
do not end hi papillary muscles. One springs from tin', right auricmlo-ventricular 
ring and crosses in the auriculo-ventricular s(^ptum : it tlien encircles the deep 
layers of the left ventricle and ends in the left auriculo-vcntricuiar ring. The 
second band is apparently confined to the left ventricle ; it is attached to the left 
auriculo-v(Mitricular ring, and encircles the portion of the ventricle adjacent to the 
aortic orifice. 

The auricuh-ventncular bundle of llis is the only direct muscular connection 
known to exist between the auricles and the ventricles. It arises near the orifice 
of the coronary sinus in the annular and septal fibres of the right aiirich^, passes 
forwards in the lower pait of the pars niombranacca septi, and divides into right 
and left fasciculi. These run down in the right and left ventricles, one on either side 
of the interveiitrfcular septum, just covered by endocardium. In the lower parts 
of the ventricles they break uf) into numerous strands which end in the papillary 
muscles and in the ventihmlar muscle generally. The undivided portion of the 
auriculo-vcntricuiar bundle consists of narrow, somewhat fusiform fibres, but its 
two divisions and their terminal strands are composed of Purkinje fibres. 

Applied Anatomy . — Clinical and experimental evidence go to prove that this bundle 
conveys the impulse to systolic contraction from the aiii'icular septum to the ventricles, 
and much attention has recently been ])aid to it, because it appears to become fibrosed 
and to lose much of its conducting power (heart- block) in many cases of Stokes- 
Adams’ disease. This oondition is characterised by a slow pulse, a tendency to syncopal 
or epileptiform seizures, and -the fact that while the cardiac auricles beat at a normal rate, 
the ventricles contract much less frequently. 
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The veins terminate in the right auricle, and will be described with the general 
venous system. 

The lymphatics end in tlie thoracic and right lymphatic ducts. 

The nerves arc derived from the cardiac plexuses, which arc formed partly 
from the pneumogastrics, and partly from the sympathetic. They are freely 
distributed both on the surface and in the substance of the heart, the separate 
filaments being furnished with small ganglia. 

The cardiac cycle and the actions of the valves. — By the contractions of the 
heart the blood is pumped through the arteries to all parts of the body. These 
contractions occur regularly and at the rate of about seventy per minute. Each 
wave of contraction or period of mihily is followed by a period of rest^ the two 
periods constituting what is known as a cardiac cycle. 

Each cardiac cycle consists of three phases, which succccid each other as 
follows : (1) a short simultaneous contraction of both auricles, termed the auricular 
systole, followed, after a slight pause, by (2) a sirtuiltaneous, but more prolonged, 
contraction of both v(‘iitricles, named tike ventricular systole, and (3) a period of rest, 
during which the whole haart is relaxed, i.e. in a state of diastole. The auricular 
contraction commences around the venous openings and sweeping over the auricles 
forces their contents through the auriculo-vontricular openings into the ventricles, 
regurgitation into the veins being })rcvented by the contraction of their muscular 
coats. When the ventricles contract tlie auriculo-ventricular valves arc closed, 
and prevent the passage of the blood back into the auricles ; the musculi papillares 
at the same time arc shortened, and, pulling on the chordai tendineoo, prevent the 
inversion of the valves into the auricles. As soon as the pressure in the ventricles 
exceeds that in the pulmonajy artery ainl aorta, the valves guarding the orifices of 
these vessels are opened and the blood is driven from the right ventricle into the 
pulmonary artery and from the left into the aorta. The moment the systole of the 
ventricles ceases, the pressure of the blood in the pulmonary artery and aorta closes 
the pulmonary and aortic valves to prevent regurgitation of blood into the ventricles, 
the valves remaining shut until reopened by the next vcnlricular s\'sto](‘. During 
the period of rest the tension of the auriculo- ventricular valves is relaxed, and blood 
is flowing from the veins into the auricles and slightly also from the auricles into the 
ventricles, being aspirated by negative intralhoracic pressure. The average duration 
of a cardiac cycle is about of a second, made up as follows : 

Auricular systole, Auricular diastole, 

V(;iitricular systole, i'*,. Ventricular diastole, 

Total systole, Complete diastole, 

The rhythmical action of the heart is muscular \i\ origin, that is to say, the heart 
muscle itself possesses the inlierent prof)erty of contraction apart from any ncirvoiis 
stimulation. The more embryonic the muscle the better is it able to initiate? and 
propagate the contraction wave ; this exj)lains why the normal systole? of the heart 
starts at the entrance of the veins, for there the muscle is most embryonic in nature. 
At the auriculo-ventricular junction there is a slight pause in the wave of muscular 
contractie)n due to the tissue th(?re be?irig less irritable (i.e. less embryonic). To 
obviate this as far as possible a p(jculiar band of marked embryonic type? passes 
across the junction and so carries on the contraction wave to the' ventricles. This 
band, composed of special fibres, the fibres of Purkinje (p. 42), is the auriculo- 
ventricular bmidle of liis (j). Gil). The nerves, although not concerned in originating 
the contractions of the heart muscle, play an important role in regulating their 
force and frequency in order to subserve the j)hysiological needs of the organism. 

Surface Marking . — To show the extent of the heart in relation to the front of the 
chest (iig. 5G9), draw a line from the lower border of the second left costal cartilage, one 
inch from the sternum, to the u])per border of the Ihird right costal cartilage, half an inch 
from the sternum. This represents the base lino, or upper limit of the organ. Take a 
point an inch and a half below, and three-quarters of an inch internal to the left nipple — 
that is, about throe and a half inches to the left of the median line of the body. This 
represents the apex of the heart. Draw a lino from this apex point, with a slight con- 
vexity downwards, to the junction of the seventh right costal cartilage with the sternum. 
This represents the lower limit of the heart. Join the right extremity of the first line — 
that is, the base line — with the right extremity of this line — that is, to the soventh right 
chondrostemal joint — with a slight curve outwards, so that it projects about an inch and 
a half from the middle lino of the sternum. Lastly, join tlie left extremity of the base 
line and the apex point by a line curved slightly to the left. 
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The position of the various orifices is as follows : the pulmonary orifice is Situated 
in the upper angle formed by the articulation of the third left costal cartilage with the 
sternum ; the aortic orifice is a little below and internal to this, behind the loft border 
of the sternum, close to the third left chondrostemal articulation. The left awculo- 
ventricular opening is behind the sternum, rather to the left of the median line and 
opposite the fourth costal cartilages. The right auriculo-ventrioular opening is a little 
lower, opposite the fourth interspace and in the middle line of the body (fig. 569). 

A portion of the area of the heart thus mapped out is uncovered by lung, and therefore 
gives a dull note on percussion ; the remainder, being overlapped by the lung, gives a 
more or loss resonant note. The former is known as the area of superficial cardiac dulness ; 
the latter, as the area of deep cardiac dulness. The area of superficial cardiac dulness is 
included between a line drawn from the centre of the sternum, on a level with the fourth 


Fig. 569. — Front view of thorax, showing relation of the heart, lungs, &c.; 
to the ribs and sternum. 



A. Aortic orlilce. M. lAiU uurioulo-ventrlculur orifico. V. Pulinonarj’^ orilLce. 
'J’r. lUriit uuriculo- ventricular oritioc. 


costal cartilages, to the junction of the body of the sternum with the onsiform cartilage ; 
from the two extremities of this lino, two others are to be drawn to the position of the 
apex of the heart in the fifth intereostal space. Below, this area merges into the dulness 
whicli corresponds to the liver. Latham lays down the following rule as a sufficient 
practical guide for the .definition of the portion of the heart which is uncovered by lung 
or i)leura : ‘ Make a circle of two inches in diameter round a point midway between the 


nii^ple and the end of the sternum. 

Applied Anatomy . — Wounds of the heart are often immediately fatal, but not 
necessarily so. They may be non-penetrating, when death may occur from hflemorrhage 
if one of the coronary vessels has boon wounded, or subsequently from pericarditis. Even 
a penetrating wound is not necessarily fatal, as a considerable number of cases have now 
been recorded in which the wound has been sutured.^ 
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Peculiarities in the Vascular System of the F(Etus 

The development of tlio heart and vascular system is described on pp. 135 
to 150. 

The chief peculiarities of the foetal heart are the direct communication 
between the auricles through the foramen ovale, and the large size of the 
Eustachian valve. Amongst other peculiarities tlie foIloRung may be noted. 
(1) In early foetal life it lies immediately below the luandibular arch, and as 
development proceeds is gradually drawn back within tlie thorax. (2) For 
a time the auricular portion exceeds the ventricular in size, and the walls of 
the ventricles are of equal tJiiekness : towards the end of foetal life the 
ventricular portion becoiuc's the larger and the wall of the left ventricle ex(;eeds 
that of the right in thickness. (3) Its size is large as compared witli that of 
the rest of the body, the proportion at tlie second month being 1 to 50, and 
at birth 1 to 120, v liile in the adult the average is about 1 to 1(50. 

Tlie /ormnm ovale is situated at the lov er and back part of the auricular 
septum, forming a eomnumication bedwetm the auricles. It remains as a free 
oval opening until the middle period of foetal life. The septum (ficptwm 
secundum) which grow s down from the upper w all of the auricle to the right of 
the foramen ovale advances over the ojicning, so as to form a sort of valv(‘, 
which allows tlie blood to pass only from the* right to the left auricle, and not 
in the opposite dinudion. 

The Eustachian valve is direett'd upwards on the left side of the opening of 
the inferior vena cava, and serves to direct the blood from this vessel througli 
the foramen ovale into the left auricle. 

The peculiarities in tlie arterial systtMii of the fietus are the (!omm unication 
between the pulrnonarj^ artery and the descending aorta by means of the ductus 
arteriosus, and the continuation of the internal iliac artcu'ies as the umbilical 
or hypogastric arteries to the placenta. 

The ductus arteriosus is a short tub(\ about half an inch in length at birth, 
and of the diameter of a goos(‘-(|uill. In tJie early condition it forms the 
continuation of the pulmonary artery, and opens into the descending aorta, 
just below’ the origin of the left subclavian artery : and so conducts the* chief 
jjart of the blood from the right ventrick? into the aorta. Whem the branches 
of the pulmonary artery have becom(‘ larger relatively to the ductus arteriosus, 
the latter is chiefly connected to the kdt pulmonary artery ; and the fibrous 
cord, which is all that remains of the ductus arteriosus in later life, is attached 
to the root of that vessel. 

The umbilical or hypogastric arteries are continued from the internal iliacs, 
along the sides of the blad<h*r to its apex ; they pass out of the abdomen at 
the umbilicus and are canied in the umbilical cord to the placenta. They 
convey the blood w hich has circulated through the feetus to the jdacenta. 

The peculiariti(5S in the venous system of the foetus are the communica- 
tions established betweem the jjlac-enta and the liver and portal vein, through 
the umbilical vein ; and between the umbilical vein and the inferior vena cava 
througli the ductus venosus. 

Fcetal Circulation (fig. 570) 

The blood destined for the nutrition of the foetus is returned from the 
placenta to the foetus by the umbilical vein. This vein enters the abdomen 
at the umbilicus, and passes upwards along tlu? free margin of the falciform 
ligament of the liver to the under surfac(i of that organ, where it gives off 
tW'O or three branches, one of wdiich is of large size, to the left lobe, and others 
to the lobus quadratus and lobus Spigelii. At the transverse fissure it divides 
into tw’O branches : of these, the larger is joined by the portal vein, and enters 
the riglit lobe ; the smaller is continued iiiiwards, under the name of the 
ductus venosus, and joins the left hepatic vein at the point of junction of 
that vessel with the inferior vena cava. The blood, therefore, which traverses 
the umbilical vein, passes to the inferior vena cava in three different ways. 
The greater quantity circulates through the liver wdth the portal venous 
blood, before entering the v(ma cava by the hepatic veins ; some enters the 
liver directly, and is also returned to the inferior cava by the hepatic veins : 
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the smaller quantity passes directly into tlie vena cava, by the junction of 
the ductus venosus with the left hepatic vein. 

In the inferior cava, the blood cari-ied by the ductus venosus and hepatic 
veins liecomes mixed witli that returning from the lower extremities and 


Fio. 570. — Plan of the fcrtal ciir illation. 



In this plan the figured arrows ri'i)resent the kind uf blood, well us the direction whirli it takcb in tlie ve.sscla. 

'I’hUB — urtcritil blood ia figured ^ ; venous blood, \ mixed (arterial and venous) 

blood, » 

abdominal wall. It enters the right auricle, and, guided by the Eustachian 
valve, passes through the foramen ovale into the left auricle, where it mixes 
wdth a small quantity of blood returned from the lungs the pulmonary 
veins. Erom the. left auricle it passes into the left ventricle ; and from 
the left ventricle into the aorta, by means of w hich it is distributed almost 



616 


ANGIOLOGrY . 


entirely to the head and upper extremities, a small quantity being i^robably 
carried into the descending aorta. From the head and upper extremities 
the blood is returned by the superior vena cava to the right auricle, Avhere it 
becomes mixed with a small portion of the blood from the inferior cava. 
From the right auricle it descends over the Eustachian valve into the right 
ventricle ; and from the right ventricle passes into the pulmonary artery. 
The lungs of the fcctus being inactivts only a small quantity of the blood of 
the pulmonary artery is distribut(‘d to them by the right and left pulmonary 
arteries, and returned by the pulnionary veins to the left auricle : the greater 
part passes through the ductus arteriosus into the commencement of the 
descending aorta, where it becomes mixed with a small quantity of the blood 
transmitted by Ihe h'ft A'cntricle into the aorta. Through this vessel it descends 
to supply the kn\'(‘r extremities and the viscera of the abdomen and pelvis, 
the chief porlion b(*ing, however, conveyed by the umbilical arteries to the 
placenta. 

From the preceding account of the circulation of the blood in the foetus, 
it will be seen : 

1. That th(i placenta serves the purposes of nutrition and excretion, receiving 
tlie imx)ure blood from the fa^tus, and returning it purified and charged with 
additional nutritive material. 

2. That nearly the whole of the blood of the umbilical vein traverses the 
liver before entering the inferior cava ; hence the large size of this organ, 
especially at an early period of hetal life. 

Jl. That the right auricle is the point of meeting of a double current, the 
blood in the inferior cava being guided by the Eustachian valve into the 
left auricle, wdiile that in the. superior cava descends into the right ventricle. 
At an early period of fretal life it is highly probable that the two strivnns 
arc quite distinct ; for the inferior cava opens almost directly into the left 
auri(de, and the Eustachian valve would exclude tljo current along the 
vein from entering the right ventricle. At a later j)eri(>d, as the separation 
between the two auricles becomes more distinct, it seems probable that some 
mixture of the tw^o streams rr)ust take place. 

4. The pure blood carried from the placenta to the fa?tuR by the umbilical 
vein, mixed with the blood from the portal vcun and inferior cava, passes 
almost directly to the arcii of tlie aorta, and is distribut(»d by the branches 
of that vess(‘] to the head and upper extremities. 

?). The blood contained in tlie desccjiding aorta, chiefly derived fi*om that 
which has already circulated through the head and limbs, together with a 
small quantity from the l(*ft ventricle, is distributed to the abdomen and 
loAver extremities. 

Ohanges in the Vascular System at Birth 

At birth, when respiration is established, an increased amount of blood 
from the pulmonary artery passes through the lungs, and the placental 
(?ii'Culation is cut olf. The foj*amen ovale is elos(?d by about the tenth day 
after birt h : the valvular fold above mentioned adheres to the margin of the 
foramen for ihe greater part of its eircumferenee, but a slit-like ojicning is 
left between the two auricles above, and this sometimes persists. 

I'lie ductus arteriosus begins to eonti’aet immediately after respiration is 
established, be(!omes eomj)letely clo.sed from the fourth to the tenth day, 
and ullimately degenerates into an impervious cord, w'hieh connects the left 
pulmonary ari ery to the arch of the aorta. 

Of the u add Heal or hypogastric arteries, the portion of each continued on 
to the bladdei’ fiom the trunk of the corresponding internal iliac remains 
pervious, as the superior vesical artery ; the part extending from the side 
of the bladder to the umbilicus becomes obliterated between the .second and 
fifth days after birth, and projects as a fibrous cord towards the abdominal 
cavity, carrying on it a fold of peritoneum. 

The umbilical vein and duclvs venosus are completely obliterated between 
the second and fifth days after birth, and ultimately dwindle to fibrous cords ; 
the former becoming the liganienium teres, the latter the ligamentum venosum 
of the liver. 
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THE ARTERIES 

Arteric^s are cylindrical tubular vessels, which convey blood from the 
ventricles of the* heart to the different parts of the body. These vessels were 
named arteries from tlie belief entertained by the ancients that ttiey contained 
air. Galen was the first to sliow that during life they contain blood. 

The distribution of the systemic arteries is like a highly rammed tree, 
the common trunk of which, formed by the aorta, eomnienc(\s at the lett 
ventricle, wliilo the smallest ramifications extond t-o the peripheral ])arts of 
the body and the contained organs. Arteries are found in all parts of the 
body, except in the hairs, nails, epidermis, cartilages, and cornea ; the larger 
trunks usually occupy the most protected situations, running, in the hmbs, 
along the flexor side, wliore they are less exposed to injury. 

Then^ is considerable variation in the mode of division of the arteries . 
occasionally a shoi l. trunk subdivides into several branches at the same poin^ 
as may be oliserved in' the cccliac and thyroid axes ; the vessel may give off 
scvi'ral branches in succession, and still continue as the main trunk, as is 
seen in the arteries of the liijibs ; or the division may be dicliotomous, as, 
for instance*, when tlie aorta divides into tlw* two common iliaes, or the common 
carotid into the external and internal carotids. 

A braiK'h of «an artery is smaller than tin* trunk from which it arises ; but 
if an artcFy divid(*s into two brandies, tin* combined sectional area of the 
two vessels is, in nearly eveiy instance, somcw’hat greater than that of the 
trunk ; and the combined seiJtional area of all tlie art(*rial branches greatly 
exceeds that of the aorta ; so that the arteries collectively may be I'cgarded 
as a cone, tin* apex of \vhi(;h corresponds to the aorta, and the base to the 
capillary system. ^ , j? • 

^riie arteries, in thi^ir distribution, eominunicate Avith one another, forming 
what are called muhHtomoscn, and these communications are very free between 
the largi^ as well as between the smaller brandies. The finastoinosis bet ween 
trunks of e(|aal size is found w here great <aetivity of the eircnlation is rerjuisite, 
as in the brain ; here th(*. two v(*rtebral arteries unite to form the basilar, 
and the two antiu’ior cerebral ar< cries are c*oniieet(‘(l by a short communicating 
trunk ; it is also found in the abdomen, tin* intestinal arteriivs having very 
ample anastomoses between their larger brandi(*s. In tlii^ limbs, the anasto- 
moses are most iiumejous and of larg(*st size around the joints ; the braticlu 
of an artery above niiiliTig with branches from the v(*ssels below. These 
anastomoses are of eonsiclerabh* interest to the surgeon, as it is by their enlarge- 
ment that a col/atmtl circidntiini is established after the application of a ligature 
to an avtf’iy, 4'hc smaller brandies of arteries anastomosci moi’c freqinuitly 
than the larger; and between the small(‘sl twhgs Ihesi*, anastomoses become 
so numerous as to constitute a dose network that pervades nearly every 
tissue of the body. 

Throughout the body generally the larger arterial branches pursue a fairly 
straight course, but in eertaiii situations they are tortuous. Thus the facial 
artery in its course over the face, and the arteries of the lips, ai*e extremely 
tortuous to accoiriinodato themselves to tlie movements of the parts. The 
ut(*i*ine arteries are also tortuous, to aeeomniodato themselves to the increase 
of size w'hieh the uterus undergoes during i>regnancy. 

lUic arteries are dense in structure, of. considerable strength, highly elastic, 
and, when divided, they preserve, although empty, their cylindrical form. 
Their structure has been described on page 55. 

Applied A 'tiatomy . — All the arteries, and most of all the, aorta, are liable to a degenerative 
prot^ess loiown as atheroma, artcrios(!leroBis, or, more recently, atherosclerosis (Marchand). 
that is of the greatest clinical importance. It is essontially a senile change, although it 
may begin at any age and is predisposed to by renal disease, gout, diabetes mellitus, lead 
poisoning, and a number of other morbid states, and results in the replacement of the 
arterial elastic tissue by fibrous tissue. Its chief ill effects are two. In the first place, it is 
associated with a permanent and ofi(!n considerable, i*isc in the arterial blood-pressure, 
entailing a corresponding hypertrophy of the heart ; in the second, it weakens the vesse 
walls, rendering them mere liable to rupture, w'hile at the same time it is apt to lessen the 
calibre of the affected vessels. 
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Tho arteries are also frcqueiitly nttac:ked by syphilis, which gives rise to inflammation 
and degeneration of tlieir middle coats. Recent researches * go to prove that arterial 
aneurysms, other tlian those due to direct injury, occur almost solely in syphilitic patients. 

PUI.MONA11Y Artery (fig. 571) 

The pulmonary artery (a. pulmonalis) conveys the venous blood from 
the right side of ilie heart to the lungs. It is a short, wide vessel, about 
5 cm. in length and 30 mm. in diameter, arising from tho left side of the 
base (conus arteriosus) nf the right ventricle. It extends obliquely upwards 
and backwards, passing at first in front and then to tho left of the ascending 
aorta, as far as the under surfac^e of the arch, but on a plane posterior to it, 
where it divides, about the level of tho intervertebral disc between the fifth 
and sixtli thoracic vertebrae, into right and left branches of nearly equal sisic. 

Relations. — The whole of this vessel is contained withiji the pericardium. It 
is enclosed with the ascending aorta in a single lube of the visceral layer of the 


Fto. 571. — Transverse section of thorax, showing relations of pulmonary artery. 


Tri a ii tj u la Hs .sh^ra i 
utl mammam vi\<srf.s 



serous pericardium, which is continued u]>wards u])on them from the base of the 
heart. The fibrous layer of tlie p(»ricai(lium becomes gradually lost upon the 
external coats of its two brandies. In front, tin' pulmonary artery is separated 
from the anterior extremity of the second left intercostal space by th<i ])leiira and 
left lung, in addition to the pericardium ; it rests at first upon the ascending aoila, 
and higher up lies in front of tin; left auricle on a plane posterior to the ascending 
aorta. On either side of its origin is tlu*, appendix of tJie corresponding auricle and 
a coronary artery, the left coronary artery passing, in the first pfirt of its course, 
behind the vess(‘i, Tho superficial cardiac plexus lies above its bifurcation, between 
it and the ardi of the aortn. 

The right branch of the pulmonary artery (ramus dexter), longer 
and larger than the left, runs horizontally outwards, behind tlie ascending 
aorta and superior vena cava and in front of the right bronchus, to the root 
of the right lung, where it divides into two branches. The low’er and larger 
of these goes to the middle, and lower lobes of the lung ; the upper and 
smaller is distributed to the upper lobe. 

* C. U. Aitchisoii, Art^h. of (hr Pathdotjioal of the Lofidm 1908, ii. p. 1. 
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The left branch of the pulmonary artery (ramus sinister), shorter 
and somewhat smaller than the right, passes horizontally in front of the 
descending aorta and left bronchus to the root of the left lung, where it 
divides into two branches for the two lobes of the lung. 

The root of the left branch of the pulmonary artery is connected to the 
under surface of tlie arcli of the aorta by a short fibrous cord, the Ugamentum 
arteriosnm ; this is the remains of a foetal vessel, the ductus arteriosus, 

Tlie terminal brandies of the pulmonary artery will be described with 
the anatomy of the lung. 

Applied Anatomy, — Stenosis of the pulmonary artery, cither with, or, more rarely, 
without defective formation of the inter ventricmlar septum, is one of the commonest 
congenital defects of the heart. It may be due either to fcetal endocarditis, or to mal- 
development of the bulbus cordis (p. 140).* As in most forms of congenital heart-disease, 
the child is cyanosed (morbus coerulous), especially when excited or on exertion, and rarely 
lives to grow up, commonly dying of heart-failure in infam^y, or of pulmonary tuberculosis 
or intercurrent disease in childhood. The chief signs of the condition arc the loud, harsh 
systolic cardiac murmur best heard over the second left costal cartilage, cyanosis, clubbing 
of the finger-tips, n.nd the presence of an excess of rod corpuscles in the blood. 

Embolism of the pulmonary artery by a clot ( f blood coming from the right side of the 
heart in patients with heart-disease, or from a thrombosed vein in cases, for example, of 
influenza, enteric fex er, puerjxtiral sepsis, or fractur d limbs, is a common cause of sudden or 
rapid death. I^'ho patient may cry out with suddtm excruciating pain in the pr»cordia 
wlieii the detached embolus lodges, and after a brief ])(U'iod of intimso dyspnoea, pallor, and 
anguisli, die. 

Tnw Aorta 

'fhe aorta is fho main trunk of a series of vessels which convey the oxy- 
gt^nated blood to the tissues of the body for tlieir nutrition. Tt eommenees 
at the upper part of tin* left veiitrieh*, wh(u*e it is about 30 mm. in diainetiT, 
and after asctuiding for a slmrt distance, arches baekwiirds, and to tlu’i left 
sid(‘, over liie root of the h‘ft lung ; it tlnui d(‘seerids witliin the thorax on 
the left side of tli(‘ vertebral column, passes into tin* abdominal eavity through 
fhe aortic ojieiiing in the Diaplnagm, and terrninat(‘S, (considerably diminished 
in size (about 17’5 mm. in dianuder), opj)osite the lower border of the 
fourth lumbar v(‘rtehra, by dividing into the right and left (‘ommon iliac 
arteries. JItMiee it is d(‘S(vril)ed in several portions, viz. the ascending aortOy 
the arch of the aorta, and tlie desenuling aorlOy wliieh last is again divided 
into the thoracic and abdominal aortfc. 

Ascendi^?(J Aorta 

The ascending* aorta (aorta ascendens) (fig. 572) is about two inches in 
le ngth. It eomnu'nees at the^ uppc'r part of the base' of tlie left vcmtricle, on 
a level with the lower border of the third costal cartilage behind the left half 
of the sternum ; it ])asses oblhpjely upAvards, forwards, and to the right, in the 
direction of the heart’s axis, as liigli as the uppcT border of the second right 
costal cartilage, describing a sliglit curA^e in its course, and being situated, 
Avhen distended, about a quart<‘r of an inch behind tJie posterior surface of the 
sternum. At its origin it (weseuts, opposite the segments of the aortic valve, 
three small dilatations called tJie sinuses of Valsalva. At the union of the 
ascending witli the transAwse part of the aorta the calibre of the vessel is 
increased, OAviiig to a bulging outwards of its right Avail. This dilatation 
is termed the great simis of the aorta (bulbus aortae), and on transverse section 
presents a somcAA'liat oval figure. The ascending aorta is contained within the 
pericardium, and is enclosed in a tube of the serous pericardium, common to 
it and the pulmonary artery. 

Relations. — The ascending aorta is covered at its commencement by the 
trunk of the pulmonary artery and the right auricular appendix, and, higher up, is 
separated from the sternum by the pericardium, the 7‘ight pleura, and the anterior 
margin of the right lung, some loose areolar tissue, and the remains of the thymus 
gland ; behind, it rests upon the right pulmojiary artery and left auricle. On the 

* Keith (Studies iu Pathology, Aberdeen Univtirsity, 1006) believes that the great- niajurify 
of cases which arc classified as congenital stenosis of the pulmonary or of the aortic orifices 
are, in reality, due to an arrest of development or malformation of the bulbus conlis. 
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rigid side, it is in relation with the superior vena cava and right auricle, the former 
lying partly behind it ; on the left side, with the pulmonary artery. 

Branches. — The only branches of the ascending aorta are the coronary arteries 
which supply the heart. They are two in number, right and left, and arise near 
the commencement of the aorta immediately above the attached margins of the 
scmilmiar valves. 

The right coronary artery (a. coronaiia [cordis] dextra), about the size of a 
crow’s quill, arises from the anterior sinus of Valsalva. It passes forwards between 
the pulmonary artery and the right auricular appendix, then runs obliquely to the 
right side, in the groove between the right auricle and ventricle, and, curving 
around the right border of the lieart, runs along the posterior surface as far as 
the posterior mter ventricular groove, wdiere it divides into two branches. One 
of these (transverse) continues onwards in the groove between the left auricle and 
ventricle, and anastomoses with the left coronary ; the other (descending) courses 
along the posterior interventricular furrow, supplies branches to both ventricles 
and to the septum, and anastomoses at the apex of the heart with the descending 
branclu's of the left coronary. 

This vessel sends a large branch (marginal) along the thin margin of the right 
ventricle to the apex, and from this jmmerous small branches are given to the 
anterior and posterior surfaces of the ventricle. It also gives a branch close to 
its origin (right auricular), which passes upwards between the right auricle and 
the aorta, and distributes twigs to the right auricle, the auricular septum, the aorta, 
and the pulmonary artery. 

The left coronary artery (a. coronaria [cordis] sinistra), larger than the former, 
arises from the left posterior, sinus of Valsalva; it passes forwards between the 
pulmojiary art(5ry and the left auricular appendix, and divides into two branches. 
Of these, one (iramvetse) runs transversely outwards in the left auriculo-ventricular 
groove, and winds around the left border of the heart to the posterior surface, 
where it anastomoses with the transverse branch of the right coronary ; the other 
(descending) passes along the anterior interventricular groove to tln^ apex of the 
Iniart, where it anastomoses with the descending branch of the right coronary. 
Th(} l(dt coronary supplies tluj left auricle and its appendix, gives branches to both 
ventricles, and numerous twigs to the pulmonary artery and commencement of the 
aorta. 

In addition to tlie already mentioned anastomosis in the auriculo-ventricular 
and interventricular grooves there is a free anastomosis between the minute 
branches of the two coronary arteries in the. substance of the heart. 

Peculiarities . — These vessels oceasioiially arise by a common trunk, or their number 
may bo increased to three, the additional branch being of small size. More rarely, there 
are two additional branc.hes. , 

Applied Anatomy .— stidden blocking of a coronary artery by an embolus, or its 
more gradual obstruction by arterial disease or tlirombosis, is a common cause of sudden 
death in persons past middle age. If the obstruction to the passage of blood is ineompletts 
tnie angina pectoris may occui*. In this condition the patient is suddenly seized with a 
spasm of agonising pain in the praBcordial region and down the left arm, together with an 
indescribable sense of anguish. He may die in su(;h an attack, or succumb a fow' hours 
or days later from heart failure, or survive a number of attacks. 

Alien OF THE Aorta 

The arch of the aorta (arcus aorta*) (fig. 572) begins at the upper border 
of the second ciiondro-sternal articulation of the right side, and runs at 
first u]> wards, baiikwards, and to the h'ft in front of tlie trachea ; it is then 
directed backwards on tlui left side of the trachea, and finally passes down- 
wards on tlie left side of the body of the fourth thoracic vertebra, at the lower 
border of whi(;h it beeomes continuous with the descending aorta. It thus 
forms two curvatures : one with its convexity upwards, the other with its 
convexity forwards and to the left. Its upper border is usually about an inch 
below the ujjper margin of the sternum. 

Belations. — The arch of the aorta is covered in front by the plounc and anterior 
margins of the lungs, and by the remains of the thymus gland. As the vessel runs 
backwards its left side is in contact with the left lung and pleura. Passing down- 
wards on the left side of this part of the arch are four nerves — in order from before 
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backwards these are : the left phrenic, the inferior cervical cardiac branch of the left 
pneumogastric, the Buperior cardiac branch of the left sympathetic, and the trunk 
of the left pneumogastric. As the last nerve crosses the arch it gives off its recur- 
rent laryngeal branch, which hooks found below the vessel and then passes upwards 
on its right side. The left sujjerior intercostal vein runs obliquely upwards and 
forwards, on the left side of the arch between the phrenic and pneumogastric nerves. 
On the right are the deep cardiac plexus, the left recurrent laryngeal nerve, the 
oesophagus, and the thoracic duct ; the trachea lies behind and to the right of the 
vessel. Above arc the innominate, left common carotid, and left subclavian arteries, 


Fic. 572. — ^The arch of the aorta, and its branches. 



which arise fj*om the convexity of the arch and are crossed close to their origins 
by the left innominate vein. Below are the bifurcation of the pulmonary artery, 
the left bronchus, the ligamentum arteriosura, the superficial cardiac plexus, and 
the loft recurrent laryngeal nerve. As already stated, the ligamentum arteriosum 
connects the commencement of the left pulmonary artery to the aortic arch. 

Between the origin of the left subclavian artery and the attachment of the 
ductus arteriosus the lumen of the foetal aorta is considerably narrowed, fonning 
what is termed the isthmus aortce, while immediately beyond the ductus arteriosus 
the vessel presents a fusiform dilatation which His has named the ao7'tic spindle 
— ^the point of junctiot* of the two parts being marked in the concavity of the 
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arch by an indentation or angle. These conditions persist, to some extent, in 
the adult, where liis found that the average diameter of the spindle exceeded that 
of the isthmus by 3 inm. (about one-eighth of an inch). 

Diatiucl from this diffuse and moderate stenosis at the isthmus is the condition known as 
coarctation of the aorta, or marked stenosis often amounting to complete obliteration of its 
lumen, sc(»n in adults and occurring at or near, oftenest a little below, the insertion of the 
v^uctus arteriosus into the aorta. According to Bonnet * this coarctation is never found 
in the feel us or at birth, and is due to an abnormal extension of the peculiar tissue of the 
ductus into the aortic wall, which gives rise to a simultaneous stenosis of botli vessels as 
it con tracts after birth — the dutstus is usually obliterated in these cases. An extensive 
collateral circuiau;'n is set up, by the superior intercostals, internal mammaries, and the 
posterior scapular branches of the transvcrsalis colli above the stenosis, and below it by 
the first four aortic intercostals, the phrenics, and the superficial and deej) epigastrics. 

Peculiarities. — Tim height to which the aorta rises in the chest is usually about an 
inch below the upper border of the sternum ; but it may ascend nearly to the top of the 
bone. Occasionally it is found an inch and a half, more rarely two or ('.veil three inches 
below this point. Sometimes the aorta arches over the root of the right instead of over 
that of the left lung, and jiasses down on the right side of tin? vertebral column, a con- 
dition which is found in birds. In such cases all the thoraidc and abdominal viscera are 
transposed. Less frequently the aorta, after arching over the root of the right lung, is 
din'cted to its usual ])osition on the left side of the vertebral column, this peculiarity not 
being accompanied by any transposition of the viscera. The aorta (Xjcasionally divides, 
as in some quadrupi'ds, into an ascending and a descending trunk, the former of which 
is directed vertically u]nvards, and subdivides into three branches, to sufiply the lumd and 
upper cxtremiti(‘s. Sometimes the aorta subdivides soon after its origin into tw'o branches, 
which soon reunite. In one of llu'sc cases the (esophagus and tracheja wtTc found to 
pass through the interval left by their division ; this is the normal condition of the vessel 
in the reptilia. 

A'p'pJied Anatomy . — Of all the vessels of the arterial system, the aorta, and more 
esjiecially its arch, is most frequently the seat of disease ; lieime it is important to considt'i* 
some of the conse(iuences tliat may cnsiie from aneurysm of this part. 

Aneurysm of the ascending aorta, in the situation of the sinuses of Valsalva, in th(? great 
majority of cases, affects the anterior sinus ; this is mainly owing to the fact that the 
regurgitation of blood uj)on the sinus(»s takes place chiefly on the anterior aspect of the 
vessel. As the aneurysmal sa(J enlarges, it may (iompress any or all of the structures in 
immediate proximity with it, but chiefly projects towards the right aiiU'rior side ; and, 
conse(iuently, interferes mainly with those structures that have a corresponding relation 
with the vessel. If it projec.t forwards, it may absorb the stonurn and the cartilages of 
the ribs, usually on the right side, and appear as a jiulsating tumour on the front of the 
chest, just Iwlow' the manubrium ; or it may burst into the pericardium, or may compress, 
or oj)cn into the right lung, the trachea, bronchi, or (esophagus. In the majority of (lasi's 
it bursts into the cavity of the pericardium, the patient suddenly drops down dead, and, 
upon a ])Ost-mortem examination, the peri(;ardial sac is found full of blood ; or it may 
compress the right aurich', or the pulmonary artery, and adjoining part of the right 
ventricle, and open into one or the other of these parts. It may press upon the superior 
vena cava or th(‘ innominate veins, causing great venous engorgement. The face becomes 
livid and swollen, the right arm and anterior thoracic wall uidematous, and th(^ con- 
gestion of the. brain gives rise to headache and vertigo. An aneurysm has occasionally 
perforated into the superior vena cava, setting uj) an arterio-venous aneurysm. When this 
happens the patient suddenly l>c(!omes very short of breath, intensely congessted and 
(edematous in the face and uiijier part of the body, and develojis a palpable thrill and a 
continuous humming murmur, loudest during systole, over the sternum. Death follows a 
few days or wt'eks after such a perforation ; and somc^what similar symptoms arc occasioned 
when an aortic aneurysm erodes and bursts into the pulmonary artery. 

Regarding the arch of the aorta, the student is reminded that the vessel lic.s against 
the trachea, a\sophagus, and thoracic duct ; that the recurrent laryngeal nerve winds 
around it ; and that from its upper part are given off three large trunks, which supply the 
head, neck, and upper extremities. Now% an aneurysmal tumour taking origin from the 
posterior ])art of the vessel, its most usual sit.e, may press upon the trachea and give rise to 
the sign known as “ tracheal tugging,” imf)ede the bnjathirig, or produce cough, dyspnoea, 
bronchiectasis, ha'moptysis, or striciulous bniathing, or it may ultimately burst into that 
tube, producing fatal luemorrhage. Again, its pressure on the loft recurrent laryngeal 
nerve may give ri^c to symptoms of laryngeal paralysis ; or it may press upon the thoracic 
duct and destroy life by inanition ; or it may involve the (esophagus, producing dys])hagia, 
and has not infrcrincntly lK*en mistaken for (esophageal stricture ; or it may burst into the 
(esophagus, when fatal liamiorrhage will occur. Compression or stretching of the sym- 
pathetic filaments may, in the former case, produce dilatation of the pupil ; in the latter. 


♦ lt(T. fir M4d., Paris, 1903. 
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contraction, if the conducting power is abolished, on the affected side. This has proved 
to be an important diagnostic sign in this disease. Again, the innominate artery, or the 
subclavian, or left carotid, may be so obstructed by clots as to produce a weakness, or 
even a disappearance, of the pulse in one or the other wrist, or iii the loft temporal artery; 
or the tumour may present itself at or above the manubrium, generally either in the 
median line, or to the right of the sternum, and may simulate an aneurysm of ono of the 
arteries of the neck. 

It is important to remember that many of the physical signs of an aortic aneurysm 
may be simulated Avith extraordinary fidelity by the preternatural pulsation or throbbing 
of a distond(^d and (jlastic aorta, Avhen no true aneurysmal dilatation exists. This 
condition may be met with in young persons with aortic reflux and greatly hypertrophied 
hearts, in patients who are of a nourotie or hysterical tempijrament, and in cases of flraves’s 
disease or of marked amemia. The condition is known as dynamic dilatation of the aorta, 
and in no way threatens life. 

Branches (figs. 572, 573). — The branches given off from tin' ai’cli of ilu; 
aorta aix* three in number : tlui innominate, the left common (carotid, and 
the left subclavian. 

Pficuliarities. — Position of the branches . — -The branches, instciad of arising from the 
highest part of the arch, may s[)ring from Ihci coiumencenuuit of the arch or u]^pcr part of 
the ascending aorta ; or the distance between them at their origins may bo increased or 
diminished, the most froquont change in fhis resjA v*t being Ihe approximation of the left 
carotid tow'ards the innominate artery. 

The ntunher of the primary brant* ht‘S may bi? reduced to one, or more commonly 
twH) : the l(‘ft carotid arising from the inntuninate artery; or (mort; rarely) the carotid 
and subclavian arteries of the left sidt‘ arising from a loft innominate artery. But 
the numbi*r may be iruTcased to four, from the right carotid and subclavian arteries 
arising directly from the aorta, the iniiominate being absent. In most o^ these latter 
cases the right subclavian has been found to arise from the left end of the arcli ; in other 
cases it is the second or third branch given off, instead of the first. Another common 
form in which there are four })rimary branches is that in which the left vertebral artery 
arises from the arch of the aorta betwtMUi the left carotid and subclavian arteries. Lastly, 
the number of trunks from the arch may be increased to liv^e or six ; in those instances, 
the cxtci'nal and internal carotids arise separately from the arch, the common carotid 
Ixuiig absent on orui or both sides. Jn some few* cases six branches have been found, and 
this condition is associaUid with the origin of both vertebral arteries from the arch. 

Number usual, arramjement different. — When the aorta archc.s over to the right side, 
tlie tlin^e braricluis have an arrangement the reverse of what is usual, tlu» innominate artery 
is a left one, and the right carotid and subclavian arise separately, fii other eases, where 
the aorta takes its usual coiii’se, th(» tw'o carotids may be joined in a (tommon trunk, and 
the subclavians arise separately from the an*h, the riglit sulxilaviari generally arising from 
the loft end of the arch. 

In some instances other arteries spring from the arch of the aorta. Of these the most 
common are the bronchial, one or both, and the tliyreoidca ima ; but the internal mammary 
and the inferior th’^Toid have been seen to arise from this vessel. 


Innomijsate Ahtery 

T^hc innominate or brachio-cephalic artery (a. anouyma) (fig. 572) is 
the largest brancli given off from the areh of the aorta. It arises, on a level 
with the upper lK)rder of the second right costal (cartilage, from the com- 
menceniimt of the areli of the aorta, on a plane anterior to tlie origin of the 
left carotid, and, ascending obli(piely upwards, backwards, and outwards to 
the level of the uj)per border of the right sterno-clavieular articulation, 
divides into the right common carotid and right subclavian artci’ies. This 
vessel varies from an incli and a half to iw o in(;hes in hmgtli. 

Relations. — In front, it is separated from the first piece of the sternum by the 
Sterno-hyoid and Sterno-thyroid muscles, the remains of the thymus gland, the 
left innominate and right inferior thyroid veins wdiich cross its root, and some- 
times the inferior cervical cardiac branch of the right pnoiimogastric. Behind, it 
lies upon the trachea, which it crosses obliquely. On the right side arc the right 
innominate vein, the superior vena cava, the riglit phrenic nerve, and the pleura ; 
and on the left side, the remains of the thymus gland, the origin of the left carotid 
artery, the left inferior thyroid vein, and the trachea. 

Branches. —The innominate usually gives off no branches ; but occasionally 
a small brancli, the thyreoidm ima, arises from this vessel. It also sometimes 
giyes off a thymic or bronchial branch. 
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The thyreoidea ima aeoeiids in front of the trachea to the lower part of the 
thyroid body, which it supplies. It wries greatly in size, and appears to 
compensate for deficiency or absence of one of the other thyroid vessels. It 
occasionally arises from the aoi*ta, the right common carotid, the subclavian or 
the internal mammary. 

PmdiarUies in junnJt of division . — When tlic bifurcation of the innominate artery 
varies from the point above mentioned, the vt^ssel sometimes ascends a considerable 
distance above the sternal end of the claviolc ; less frequently it divides below it. In 
cases of the former class, its length may exceed t\\o inches ; and, in the latter, be reduced 
to an inch or less. 

Position . — When the aorta arches o\(*i‘ to the right side, the innominate is directed to 
the left side of the neck instead of tin* ricfht. 

Collateral CiicHlatitni.—Mlnn Hums (hnnonstrated, on the dead subject, the possibility 
of the establishment ol the collatc'rnl circulation after ligatun* of the innominate artery, 
by tying and di\iditig fh.it artery. He then found that ‘ Even coarse injection, impelled 
3 into the aorta, jiassed freely by the anastomosing branches into the arteries oi the right 
arm, tilling them and all tin* \<‘.ss(‘l.s of the head completely.’* The branches by which 
this circulation would he earned on are \ery numerous ; thus, all the (‘ummiiiiications 
across the midille line bet weeni the branchei of the enrotid arteries of o))posite sidt*s would 
he available for the supply ol bioiid to th/‘ right side ol tin* h(‘ad and neck; while the 
anastomosis between the supTior intercostal ol the suhcl.nian and the lirst aortie iiitt‘r- 
costal (see itifrn on the collateral circulation after obliteration of tin* thoracic aorta) would 
bring the blood, by a free and direct course, into the right siihcluv iari. The numerous 
connections, also, between the intiTCostal arteries and th(‘ branches ol the axillary and 
internal mammary arteries would, doubtless, assi .1 in the supply ot blood to llie right arm, 
while the deep epigastric from the external iliac would, by means of its anastomosis witli 
the internal mammary, compensate tor any delieicmy in the vasmilarity ol the wall ol the 
chest. 

Apjilifd Anattom /. — Aneurysm of tin* imunninate artei^ not infieqm'iilly occurs as 
an accompaniment to anmirysin ot tin* arch ot the aorta. It eaus(*s bulging of the right 
stcrno-elavicular articulation, ])nshiiig forwards the Sterno-masloid muscle and tilling ii[> 
tJio suprasternal not'h. It ])rodnces senous pn^ssurc s^'inptoins : tvom pressure on tin* 
innominate veins it may cause (edem.i of the upper extrmnitii^s, and of tli(‘ head and neck ; 
from pressure on the trachea it f)iuduc(‘s dyspinea ; and trom jn’cssure on Hit* right 
recurrent laryngeal nerve, hoarstme.s'^ and laryng(‘al cough. 

Although the o])(Tation of tying tin* innominate artmy has been ])erformed liy s(*veral 
surgeons, not many successes have been recordi^l. The cliict rlaiiger of the opiM’ation 
ap])cars to he the trequ(*ncy of secondary h.enioiThngi* ; hut in the iiresent day, with the 
practice of asejitic suigcry and our greater knowh'dge ol the use of the ligature, mori* 
favourable results may he anticijiated. The main ohsl.icles to tlio operation are, the 
dee}) situation of the artery behind and beneath tJie sternum, and the number of 
iin|)ortaiii structures which surround it in ev’ery part. 

Jn order to a])ply a ligature to this vessel, tin* patient is to be placed upon his back 
with tin* lliorax slightly raised, the head bent a little backwards, and the right shoulder 
strongly dejiresscd, so as to draw out tlie artery troiu heliind the slernuni into tlie n(‘ck. 
An incision tliree or more inches long is then made along the anterior holder ot tlie 
Sterno-mastoid muscle, terminating at th<» sternal end of the clavicle. From this point, 
a second incision is carried about the same liuigth along th(* upjier hordm* of the clavicle. 
Till' skin is then dissected bark, and the PJalysma divided on a direcdor: the sternal end 
ot the Sterno-masloid is now brought into \i<*w, and a tlirector being jiassed beneatli 
it, and close to its under surface, so as to avoid any small ve.s.sela^ it is to be divided ; 
in like manner the elaviciil.ir origin is to he divided throughout tlie whole or greater 
])art ot its attachmiuit. Jiy })r(‘ssing aside any loose cellular tissue or vessels that may 
now appear, the Sterrio-hyoid and St eiiio-thyioid muscles will be exposed, and must be 
Hivided, a director being previously fiassed beneatli th(*m. The inferior thyroid veins 
may come into view, and must be carefully drawn either upwards or downwards, by 
means of a blunt hook, or lied with double ligatures and divided. After tearing tli rough 
a strong lihio-cellular lamina, the right carotid is brought into view, and being traced 
downwards, the arleria innominata is arrived at. 'Jiie left innominatt' vein should now 
}>e dejiressed; tin* right irmonimatc vein, the internal jugular vein, and the jineumogastrie 
nerve drawn to tlie right side ; and a curvx*d aneurysm needle may then be passed around 
the vessel, close* to its surtme, and in a direction from below upwards and inwards ; caro 
being taken to avoid the right jileural sac, the trachea, and caMiac nerves. The ligature 
should bo applied to the artery as liigh as possible, in order to allow room betwt'eii it and 
the aorta for the formation of the coagulum. The importance of avoiding the thyroid 
plexus of veins during the })rimary steps of the operation, and the pleural sac w^hilo 
including the vessel in the ligature, should be most carefully borne in mind. 
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ARTERIES OP TVtE HEAD AND NECK 

The principal arteries of supply to the head and neck are the two common 
carotids ; they ascend in the neck and each divides into two branches, viz. 
(1) the external carotid, supplying the suijerficial parts of the head and face, 
and the greater part of tlie neck ; (2) the internal carotid, supplying to a 
great extent the parts within the cranial cavity. 

Common Cabotid Autefues 

The common carotid arteries differ in length and in their mode of 
origin. Tiie rujht (a. c;irotis communis d^ixtra) begins at tJic bifurcation of 
the innominate artery beliind Ihe stcrno-clavicnilar joint and is confined to the 
neck. TIh’! Ic/L (a. carotis communis sinistra) springs froTii the highest part df 
the arch of tlie aorta to the left of and on a plane posterior to tlie innominate 
artery, and therefore consists of a tlioracie and a cervical ymrtion. 

The thoracic portion of the left common carotid artery ascends from 
the arc!) of the aorta tlirougli tlie supeiior mediastinum to tJie level of llie 
left sterno-clavicular joint, where it is (‘oniinnous with the cervical ])ortion. 

Relations.— /w /Vo it is .separated Irora the first piece of the sternum by the 
♦Sterno-hv'oid and St(M*n()-thyroid muscles, the anterior portions of the left pleura 
and lung, the left innominates vein, and tin*, remains of the thyniiis gland ; behind, 
it lii‘.s on the trachea, cosojdia^'us, left recairrent laryiigiail nerve, and tlioraeic duct. 
To its ntjJit side below is tlie innominate artery, and above, the trachea, the 
inferior thyroid veins, and the r(iniaiusof the thymus gland ; to its left side are the 
left pnemnogastrie and plircnie ii(‘rves, left pleura, and lung. The left subclavian 
arterv is postiirior and slightly external to it. 

The cervical portions of the two eommon (jarotids rescnnhle each other 
so closely, that one dc.serijition will aiiply to both (fig. 574). Each vessel passes 
ohlicpudv U])war(ls, from behind the stemo-elavicular ait ieulation, to the level 
of the upper border of the thyroid cartilage, opposite the lower border of tlic'i 
third cervical vertebra, where it divides into the external and internal 
carotid arteries. 

At- the lowiM’ })art of the neck tJic‘ t-AVO eommon carotid arteries arc separated 
from cfieli other by a vrry small int(‘rval, which contains ihi* iraidiea; but 
at the iijjper part, the thyroid body, the larynx and pharynx project forwarrls 
betw(‘(*n the tAvo vesseds, and give them the appearance of* being ])laeed farther 
back in this situation. The (common carotid artery is contained in a sheath, 
AAdiicli is d(‘rived from tlu^ dei'p ecTviea! fascia and encloses also the internal 
jugular vein and piKuimogastrio nerve, tlu^ vein lying on the outer side of the 
artery, and the nerve between the artery and vein, on a plane posterior to both. 
On ojxrling the sheath, the.s<', thrive structures are .seeji to he .s(»parated from 
one another, ea(di being enclosed in a se]>arat(5 fibrous inv(‘stment. 

Relations. — At the lower part of the neck the eoxiimon carotid artery is very 
deeply seated, being covered btj the integument, superficial fascia, Platysma, and 
deep cci-vical fascia, the Sterno-mastoid, Stemo-hyoid, Stern o-thyroid and Omo- 
hyoid muscles ; in the upper part of its course it is more superficial, being covered 
merely by the integument, the superficial fascia, Platysma, deep cerAUcal fascia, 
and inner margin of the Sterno-mastoid. When the latter mnselc is drawn 
backwards, the artery is seen to he contained in a triangular space, the carotid 
triangle, bounded behind by the Sterno-mastoid, above by the Stylo-hyoid and 
posterior belly of the Digastric, and below by the anterior belly of the Omo- 
hyoid. This part of the artery is crossed obliquely, from Avithin outwards, by 
the sterno-mastoid artery ; it is also crossed by the superior and middle thyroid 
veins which terminate in the iutcrnal jugular ; de.scending on its sheath in 
front is the descendens hypoglossi nenui, this filament being jomed by one 
or two branches from the cervical nerves, Avhieh cross the vessel from without 
inAvards. Sometimes the descendens hypoglossi is contained within the sht^itli. 
The superior thyroid vein crosses the artery near its ferinination, and tin? middle 
thyroid vein a httle below the level of the cricoid cartilage ; the anterior jugular 
vein crosses the artery just above the clavicle, but is separated from it by the 
Stern o-hyoid and Sterno-thyroid muscles. Behind, the artery is separated from' 
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tie transverse processes of the cervical vertebrae by the Longus oolK and Rectus 
capitis anticus major, the sympathetic cord being interposed between it and the 
muscles. The recurrent laryngeal nerve and inferior th3n’oid artery cross behind 
the vessel at its lower part. Internally, it is in relation with the oesophagus, trachea, 
and thjrroid gland (which overlaps it), the inferior thyroid artery and recurrent 
Jaryngeal nerve being interposed ; higher up, with the larynx and pharynx. On 
its outer side are placed the internal jugular vein and pneuinogastric nerve. 

Fiq. 574. — Superficial dissection of the right side of the neck, 
showing the carotid and subclavian arteries. 
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At the lower part of the neck, the internal jugular vein on the right side 
diverges from the artery, but on the left side it approaches it, and often overlaps 
its lower part. 

to the posterior asjiect of the angle of bifurcation of the common carotid artery is a 
reddish-brown oval body, known as the carotid body. It is similar in structure to the 
coci^geal body, which is situated on the middle sacral artery. 

P^Buliarities as to oriqin,--Th& right common carotid may arise above the upper border 
of the Btemo-clavicular articulation; this variation occurs in about 12 per cent, of 
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canes. In other oases the artery arises as a separate branch from the arch of the aorta^ 
or it may arise in conjunction with the loft carotid, ^he left common carotid varies in 
its origin more than the right. In the majority of abnormal cases it arises with the 
innominate artery, or, if the innominate artery is absent, the two carotids arise usually 
by a single trunk. It is rarely joined with the left subclavian, except in oases of trans- 
position of the arch. 

PeciiliarUies as to point of division. — ^In the majority of abnormal oases, this occurs 
higher than usual, the artery dividing into two branches opposite the hyoid bone, or even 
higher ; more rarely, it occur sbelow, opposite the middle of the lar3mx, or the lower 
border of the cricoid cartilage ; and one case is related by Morgagni, where the common 
■carotid, only an inch and a half in length, divided at the root of the neck. Very rarely, 
the common carotid ascjends in the neck without any subdivision, either the external or the 
inWnal carotid being wanting ; and in a few cases the common carotid hiis boon found 
to bo absent, the external and internal carotids arising directly from the arch of the aorta. 
This peculiarity existed on both sides in some instances, on one side in others. 

Ocmsional branches — The common carotid usually gives off no branch previous to 
its bifurcation ; but it occasionally gives origin to the sujierior thyroid or its laryngeal 
branch, the ascending jiharyngcal, the inferior thyroid, or, more rarely, the vertebral artery. 

Surface Marking. — The course ol the artery is indicated by a line drawn from the ujiptT 
part of the sternal end of the clavicle below, to a point midway between the angle ot the 
jav and the mastoid process above. The portion of this line below the level of the upper 
border of tlie thyroid cartilage re2)resents the course of the vessel. 

Applied Anaiomy. — ^Vneur 3 rsms arc not coraiuonly met with on the common carotid ; 
wiien tlicy do occur tluy are usually situated low down at the root of the neck, or just 
beloAv the point oi bifurcation of the vesstd. They do not frequently assume a large size, 
and arc more commonly found on tht* right side. As th(‘y increase in size they displace 
the trachea and larynx, and tliercioro d 3 rs])U(ea lH*comes a ]>rominent 8ymi>tom. Dysphagia 
also may be present from i)ressure*ou the a 3 SO])hagus, es])eciaUy if the aneurysm is on 
the left side ; and i)ressuro on the recurrent laryngeal uer\'e may produce hoarseness and 
laryngeal cough. Pressure on the sympathetic will cause [iupillary changes — dilatation of 
the i)Ui)il W'hen the symjiathetic is irritated, contraction when it has become jiaralysed — and 
may also give rise to unilateral sweating. Pressur<‘ on the supiu'Hcial branches of the 
cervical plexus may give rise to pain in the head, face, and neck ; pressure on tlie vagus 
to irregular action of the heart and to asthmatic attacks. Jt is important to bear in 
mind that an enlarged gland in the superior carotid triangle, receiving a transmitted 
jiiilsation from tlie carotid artery, may simulate aneurysm of that vessel, but may bo 
distinguished from it by the charaett'r of the imlsation, which is not flistensile. 

Kmliolisni of the If*ft common carotid has Ih'cu known to producf aphasia by inter- 
ference with th(‘ blood supply of the brain. 

Digital cornpressian of the (jommoii carotid is .Munelimos required, and is best effected 
by eomprcbsing th(‘ vessel Avith the thumb against the .antt*rior tubercle of the 
transveise procc.ss of the sixth cervical \crtcbra (sec page 185). Ligature of the common 
carotid artery may bo necessary in a case of Avound of that vessel or its branches, in 
aneurysm, or in a case of [lulsating tumour of the orbit or skull. If the wound invol\"es 
the trunk of the common carotid, it will Iks necessary to tic the artery above and below 
tlj(* wouiirlcd part. In cases of aneurysm, the whole of the artery is accessible, and any 
oarl may bo tied, exccjjt elo.se to either end. When the ease is such as to alloAV of a choice 
being made, the lower ])art of the carotid should never be seloctcd as tlie sjiot upon AA^iieh 
to place a ligature, for not only is the artery in this situation placed very deiqdy in the 
neck, but it is covered by three layers of muscles, and, on the left side, the internal jugular 
A’cin, in the great majority of eases, pas&e.s obliquely in front of it. Neither should the 
upiier end be 8elect#*d, for here the superior thyi’oid vein and its tributaries would give 
rise to very considerable difficulty in the application of a ligature. The part of the 
ve.ssel Avhieh is most favourable for the o|M*ration is that opiiosite the level of the cricoid 
cartilage. Tt occasionally hapiicns that the carotid artery bifurcates below its usual 
jiosition : if the artery be exposed at its iioint of bifurcation, both divisions of the vessel 
should 1)6 tied near their origin, in jirefereiiee to tying the trunk rtf the artery near its 
termination ; and if, in consequence of the entire absence of the common carotid, or 
from its early division, two arteries, the exiernnl and internal carotids, are mot with, the 
ligature should be jilaeed on that vessel which is found on compression to be connected 
with the diseased area. 

In this o]>oration, the direction of the ves.sel and the inner margin of the Sternu-mastoid 
are the chief guides to its performance. The patient should be ijlacod on his back with 
the head extended and turned slightly to the o])posite side ; an incision is to be madis 
three inches long, in the direction of the anterior border of the Storno-mastoid, so that 
the centre oorresponds to the level of the cricoid eartilag(\ After dividing the integument, 
siiporfioial fascia, and Platysma, the deep fascia must be cut through on a tlirector, so as 
to avoid wounding numerous small veins that are usually found beneath. Tlie head may 
now bo brought forwards so as to relax the parts somewhat, and the margins of the wound 
Jiold asunder by retractors. The doscendens hypoglossi nerve may now be exposed, and 
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must be avoided, and the sheath of the vessel having been raised by forceps, is to be 
opened to a small extent over the artery at its inner side. The internal jugular vein 
may present itself alternately distended and relaxed ; this should Ixj compressed both 
above and below, and drawn outwards, in order to facilitate the operation. The aneurysm 
needle is passed from the outside, care being taken to keep the needle in close contact with 
the artery, and thus avoid the risk of injuring the internal jugular vein, or including the 
vagus nervo. Befort; the ligature is tied, it should be ascertained that nothing but the 
artery is included in it. 

Ligature of the common carotid at the lower pirt of the neck . — This operation is some- 
times required in cases of aneurysm of the upper part of the carotid, especially if tho 
sac is of largo size. It is host performed by dividing the sternal origin of the Sterno- 
mastoid muscle, hut may be done in some eases, if the aneurysm is not of very large size, 
by an incision along the anterior border of the Sterno-mostoid, extending down to the 
sterno-clavicuJar articulation, and by then ndracting the muscle. 1'he easiest and best 
plan, how'cver, is to make an incision two or three inches long down the lower part of 
the anterior border of the St(*rno-mastoid muscle to the sterno -clavicular joint, and a 
second incision, stalling fioin the termination of the lirst, along tho ui)por border of the 
(•lavieic for about two inches. Tliis incision is made tlirough tho siiperlieial and deep 
fasciae and tlu; sternal origin of the muscle is exposed. 'Phis is to be divided on a director 
and turned up, with the sujierficial structures, as a triangular llaf). Some loost^ connective 
tissue is to be divided or torn through, and the outer border oi the Sterno-Jiyoid muscle 
exposed. In doing this, care must ba taken not to wound the* anterior jugular vein, 
which crosses tho muscle to reach the external jugular or subclavian vein. 'Jlie Sterno- 
hyoid and Sterno-th^Toid are to be drawn inwards by moans of a retractor, and the 
sheath of the vesstd t‘xposed. 'J’Jiis must be opened with great care on its iimer or 
tracheal side, so as to avoid tho internal jugular vein. This is especially necessary on 
the left side, where the artery is commonly ovc^rlapjied by tlio vein. (In tlu', right side 
there is usually an interval between the artery and the vein, and tho risk of wounding 
the vein is less. 

Tho common carotid artcuy, being a long ves.sel without any branehfjs, is particularly 
suitable for the jMirformauce of Brasdor's opc‘ra.tion for the cur(‘ of an aneurysm of tlic' 
lowTr part of tlu* vessel. Brasdor's ])roeediiro consists in ligaturing tlu* aitery on the 
distal side of the, aiieurj’^sm, and in the case of tlu* common can>lid tlnu’c^ an* no lauiiehes 
given off from tlu* vessel betw^een the aneurysm and the site of tho ligature*; lK*nee Lhetiow 
of blood througli tlu? sac of tlui aneurysm is diminislied, and cure takes place- in the usual 
■way by the dof>o.*<it of Jaminat(‘d libnn. 

CnUnterat Cirrulatum. — After ligature of the common carotid, the collateral ein'ulation 
can he perfectly establi.shod, by the frt*o communication which exists bidw'oen tht* carotid 
arteries of opposite sides, botJi w ithout and within the cranium, and by enlargement of 
the branehes of the subclavian artery on the side corr(*Kpondirig to that on w^hieh the vessel 
has been tied. The chief communications outside the skull take jilacc bc^tw'ee^l the superior 
and inferior thjToid arteries, and tlu* profuiida eorvicis and arteria prineeps eervieis of the 
occipital ; the vertebral takes the place of the internal carotid within the cranium. 

Extehnal Cakotib Akteby 

The external carotid artery (a. earotis oxtema) (fig. 574) eonnuences 
opposite the ujiper border of the thyroid cartilage, and, taking a slightly 
curved course, passes up^^flI•ds and forwaixls, and tlien inclines bac-kwanls 
to the space behind tho neck of the mandible, wJicre it divides into the super- 
ficial temporal and internal maxillary arteries. It rapidly diminishes in size 
in its course up the neck, owing to the number and large size of the branches 
given oflF from it. In the child, it is somewhat smaller than the internal 
carotid ; but in the adult, the two ves.sels arc of nearly equal size. At its 
origin, this artery is more superficial, and placed nearer the middle line than 
the internal carotid, and is contained witliin the (^aiotid triangle. 

Belations. — The external carotid artery is covered hy the skin, sup(iificial 
fascia, Plat ysiua, deep fascia, and anterior margin of the Sterno-mastoid ; it is 
crossed by tlu*. hypoglossal nen^e, by the lingual, ranine, facial, and superior thyroid 
veins; and by the Digastric and Stylo-hyoid muscles; higher up it passes deeply 
into the substance of the parotid gland, where it lies beneath the facial nerve and 
the junction of the temporal and internal maxillary veins. Internally are the hyoid 
bone, the wall of the pharynx, the superior laryngeal nerve, and a portion of the 
parotid gland. Externally, in the lower j)art of its course, is the internal carotid 
artery. Behind it, near its origin, is the superior laryngeal nerve ; and higher up, 
it is separated from the internal carotid by the Stylo-glossus and Stylo-pharyugeus 
muscles, the glosso-pharyngcal nerve, tho pharyngeal branch’ of the vagus, and 
part of the parotid gland. 
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Surface Marking. — The position of the external carotid artery may be marked out 
with siiihoient accuracy by a line drawn from the side of the cricoid cartilage to the 
front of the meatus of the external ear, arching the lino slightly forwards. 

A'pplied Aruxtcjmy. — The application of a ligature to the external carotid may be 
required in cases of wound of this vessel, or of its branches when these cannot be tied, and 
in some cases of pulsating tumours of the scalp or face. It is also done as a preliminary 
measure to excision of the maxilla. The operation is to be preferred to ligature of the 
common carotid, as it does not interfere with the cerebral circulation. The seat of election 
for ligature is between the origins of the superior thyroid and lingual branches, about a 
finger’s breadth below the tip of the great cornu of thts hyoid bone. To tie the vessel, an 
in(‘ision is to lie made from the angle of the mandible to tin* upper border of the thyroid 
cartilage, and tin? superficial tissues and thci deep fas(ua divided. Tin? anterior border of t he 
Steriio-mastoid must be retracted and the lower border of the parotid gland raised, so as to 
expose the tendon of the TIigastric and the hypoglossal nerve, which cross the artery. The 
great difficulty iji doing lliis is due to th(‘ plexus of veins deprived from the superior thyi’oid 
and lingiuil veins,wliich overlies the artery. If necessary, tlujse must be ligatured and divided. 
Care must be taken not to mistake the lingual and facial, when they arise by a common 
trunk, as they sometimes do, for the external carothl. Wlien the v(;sscl is exposed, the 
needle is to be*, passed from without inwards, carefully avoiding the superior laryngeal nerve, 
which lies in close* j)r(^\'imity to the artery. '!’hc circulation is at once re-established by 
the free comm unicat it )U between most of the large branches of the artery (facial, lingual, 
superior thyioid, occipital) and the corresponding arteries of the op])osito side, and by the 
anastomosis of its branches with those of the internal carotid, and of the occipital with 
brfiri(*hes of the subclavian, &c. 

Bkamche.s of the External (‘akotid Artery 

The ext(»rnal e.arotid artery gives off eiglit branches, whi(;h, for convenience 
of descrix)tion, may be divided into four sets. (See fig. 575.) 

Anterior, Posterior, Ascending, Terminal, 

Superior thyroid. Occipital. Ascending Superficial temporal. 

Lingual. Posterior auricular, pharyngeal. Internal maxillary. 

Facial. 

1. Tlic superior thyroid artery (a. thyreoidea superior) (fig. 574) arises 
from tlui cxt<‘rnal carotid artery just below iJie h^vel of the great cornu of the 
hyoid bone and terminates in the thyroid gland. 

Relations. — From its origin under the anterior liordor of the Storiio- mastoid 
it runs upwards and forwards for a short distance in 
th(? carotid triangle, wlnuc it is covered by the skin, 

Platysma, and fascia ; ittlicn arclics downnv.irds beneath 
the bmo-hyoid, Sterno-liyoid, and Sterno-tliyroid. To 
its inner side arc the Inferior constrictor of the ])liaiynx 
and the (external laryngeal nerve. 

Branches. — It distributes twigs to the adjaceni: 
mnschis, and numerous branches to the. thyroid gland, 
anastomosing with its fellow of the opposite side, and 
with tlie inferior thyroid arteries. The branches to 
the gland are generally tw^o in number : one, the larger, 
supplies principally the anterior surface of the gland ; 
it courses along tlie inner border of the lateral lobe to 
the, isthmus, in which it anastomoses with the cor re- 
sponding artery of the opposites side : a second branch 
descends on the posterior surface of the lateral lobe 
and anastomoses with the inferior thyroid artery. 

Besides the arteries distributed to the muscles and 
to tlie thyroid gland, tlie branches of the superior 
thyroid are : 

Infrahyoid. Superior laryngeal. 

Sterno-mastoid. Crico- thyroid. 

The infrahyoid branch (ramus hyoideus) is small 
and runs along the lower border of the hyoid bono 
beneath the Thyro-hyoid muscle ; after supplying the muscles connected to the 
hyoid bone, it forms an arch, by anastomosing with the vessel of the opposite side. 


Fia. 575. — Plan of the 
branches of the cx- 
Icrnal carotid 
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The Btemo-mastoid branch (ramus sternocleidomastoideus) runs downwards 
and outW’'ards across the sheath of the common carotid artery, and supplies the 
Sterno-mastoid and neighbouring muscles and integument. There is frequently a 
separate branch from the external carotid distributed to the Sterno-mastoid. 

The superior laryngeal ^a. laryngea superior), larger than cither of tlic preceding, 
accompanies the internal laryngeal nerve, beneath the Thyro-hyoid muscle ; it 
pierces the thyro-hyoid membrane, and supplies the muscles, mucous membrane, 
and glands of the larynx, anastomosing witli the branch fro»ii the opposite side. 

The crico-thyroid branch (ramus cricothyreoidous) is small and runs trans- 
versely across the crico-thyroid inembrano, cominmiicating with the artery of the 
opposite side. 

Applied Anatomy . — The superior thyi*oid, or one of its branches, is often divided in 
cases of cut lliroat, giving rist^ to considerable ha'morrhagc. Jri siicli cases, the artery 
should be senirod, tlic wound btung litilargod for that purposi\ if luiccssary. The operation 
may o.isily performed, the artery being very superiicial, and the only structures of 
importfuice covering it being a fe^v small A'eins. The operation of tying the superior 
th,p*oid art('ry in broncliocele has been i)erfoimcd, but the collatc'ral circulation between 
this vessel and the Tirtcry of the opjwsito side, and the inferior thyroid, is so free that the 
operation has been given up, especially as bt'tter resulls arc obtained by other means. 

The position of the stemo-mastoid branch is of importance in connection with the 
operation of ligature of the common carotid artery. It crosses and lie,s on the sheath of 
this vessel and may chance to he wounded in opening the sheath. Tlio position of the 
erico-th>Toi(l brancli should be remembered, as it may j)r(>vo the source of troublesome 
htemorrhage during the o}wration <.)f laryngotom3\ 

2. The ling’ual artery (a. lingiialis) (fig. 580) arises from the extornal 
carotid between the vSuperior tliyroid and facial ; it first runs obliquely 
upw'ards and inwards to the great cornu of the Jiyoid boiu* ; it tlien curv(‘S 
dowunvards and forwards, forming a loo]) whieli is crossed by the liypoglossal 
nerve, and passing beneath the Digastric and StyJo-hyoid muscles it runs 
horizontally forwards, beneatli the Hyo-glossus, and finally, ascending almost 
perpendicularly to the tongue, turns forwards on its lower surface as far as 
the tip, under the name of tlie ranine artery. 

Relations.— Its first, or ol)lique, portion is superficial, being contained wdthiii 
the carotid triangle ; it rests upon the Middle constrictor of the pharynx, and is 
covered by the Platysma and the fascia of tlie neclc. Its second, or curved, 
portion also lies upon the Middle constiictor, being covered at first by the tendon 
of the Digastric and by the Stylo-liyoid muscle, and afterwards by the Hyo-glossus. 
Its third, or horizontal, portion lies Ixitween the Hyo-glossus and Genio-hyo- 
glossus muscles. The fourth, or terminal, part, under the nanm of the ranine, 
runs along tin*, under surface of the toiigmi to its tip : In^re it is very superficial, 
being covered only by the mucous membrane ; above it is the Liiigualis inferior, 
and on the inner side the Genio-livo-glossus. Tlie hypoglossal nerve crosses 
the first part of the lingual artery, but is separat(*d from the second part by the 
Hyo-glossus, 

The branches of the lingual artery are : 

• 

8upraliy(dd. Sublingual. 

Dorsales linguae. Ranine. 

The suprahyoid (ramus hyoideus) runs along the upper border of the hyoid 
bone, supplying the muscles attached to it and anastomosing with its fellow of the 
opposite side. 

The dorsales linguse consist usually of two or three small branches wliich 
arise beneath the Ilyo-glossus muscle ; they ascend to the back part of the 
dorsum of the tongue, and supply the mucous inembrane in this situation, the 
tonsil, soft palate, and epiglottis ; anastomosing with the vessels of the opposite 

side. 

The sublingual (a. sublingualis) arises at the anterior margin of the Hyo-glossus 
muscle, and runs forward betw'^cen the Genio-hyo-glossus and Mylo-hyoid to the 
sublingual gland. It supplies the substance of the gland, giving branches to the 
Mylo-hyoid and neighbouring muscles, and to the mucous membrane of the mouth 
and gums. One branch runs behind the alveolar process of the mandible in the 
substance of the gum to anastomose with a similar artery from tlie other side. 
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Tho ranine (a. profunda linguee) is the terjnainal portion of the lingual artery ; 
it pursues a tortuous course and runs along the under surface of the tongue, below 
the Inferior lingualis, and above the mucous membrane ; it lies on the outer 
side of the Geiiio-hyo-glossus, accompanied by the lingual nerve. On arriving 
at the tip of the tongue, it has been said to anastomose with the artery of the 
opposite side ; but this is dc.nied by Hy rtl. In the mouth, these vessels are placed 
one on either side of the froenulum. 

Apjdied Amtomy.— -Tho lingual artery may be divided near its origin in cases of cut 
throat, a complication that not infrequently happens in wounds of this class ; or severe 
hicmorrhage, wliich cannot bo restrained by ordinary means, may ensue from a wound, 
or deep ulcer, of the tongue. In the former ease, tlie primary wound may lie enlarged 
if necessary, and th() bleeding vessel secured. In tin* latter case, it has been suggested 
that the lingual artery shoiild lx? tied near its origin. Ligature of the lingual artery has 
been also oocaisionally practised, as a palliative measure, in cases of cancer of tho tongue, 
in order to cliecjk thfi progress of tlio disease by starving tlic growth, and it is sometimes 
tied as a. preliminary mcasun; to removal of the tongue. Lhe operation is a difficult one 
on account of the dcjitli of tlie artery, the number of important parts by wliich it is 
surroimded, tiic loose and yielding nature of Mie parls upon which it is siippork^d, and 
its occasional iiTegiilarit y of origin. An incision is to be made in a curved direction 
from a finger’s breadth external to the sym]>hyHis of tlu* jaw downwards to the cornu of 
the hyoid bone, and tlieu upwards to iknu* the angle of llui ja-w. (’are must be taken not 
1o cany tJiis incision foo far backwards, for fear of (‘iidangering the facnal vein. In the 
first. incisi(jfi the skin, superficial fascia., and Platysma will ho divided, and the deep fascia 
exposed. This is then to he in<*ised and the submaxiJlary gland tjxposed and pulled 
U])wards hv retractors. A triangular s])aco is now seen, bounded inteiaially by the posterior 
border of i-lie Alylo-liyoid muscle ; below and ext<'rnally, by the Unidon of the Digastric ; 
and abov(», by the hyp<»glossal ncrv(‘. 'Phe lloor of tho s[)ace is formed by the Dyo-glossus 
muscle, beneath \\Jiicli tlie artery lies. TJic jiarts ar('. to b(» drawn forwards by a blunt 
hook inserted heneath tJio tendon of (lie liigastric rnn.'-ck', and the fibres of the Hyo- 
glossus cut. through horizon ta-lly just, above? the Digastric. The vossed will then bo 
c.\])oscd ; and in passing tlui aneurysm needle, care must bo taken not to open the pharynx. 
The Iiypoglossal nerve must also bo avoided. 

'’JVoubl^i.some hannorrliago may occur in the division of the frjenulum lingnaj in children, 
if llie ranine arteries, which lie one on either side of it, bo wounded. The operation should 
always be ])erfornicd with a pair of blunt-pointed scissors, and only the mucous membrane 
divided by a v(*iy siijierlicial cut, which cannot endanger any >css(d. Any further 
liberation of tlie tongue which may be lu'ct'.ssary can be t‘frccf(*d by tearing. 


Tho facial or external maxillary artery (a. maxillaris externa) 
(fig. 576) arises a little above the lingual, and j)asses obliquely upwards, 
beneath the Digastric and Stylo-hyoid muscles, and frequently beneath the 
nerve, and runs forwards under cover of tho body of the mandible, 
lodged in a groove on tJie posterior surface of the subinaxillaiy gland ; this 
may be called tlu? cervi(5al part of the artery. It then cuives upw'ards over 
the body of the mandible at the anteroinferior angle of the Masseter muscle ; 
passes for>vaids and upwards across tlie cheek to the angle of the mouth, 
then upwards along the side of the nose, and terminates at the inner 
eanthus of the ^ eye, under the name of tho angular artery. This vessel, 
both in the neck and on the face, is remarkably tortuous": in the former 
situation, to accommodate itself to the movements of the pharynx in degluti- 
tion ; and in the latter, to tlic movements of the mandible, lips, and cheeks. 

Relations. — in the neck, its origin is superficial, being covered by the integu- 
ment, Platysma, «and fascia ; it then passes beneath the Digastric and Stylo-hyoid 
muscles, and part of the submaxillary gland. It lies upon the Middle constrictor 
of the pharynx, and is separated from the 8tylo-glossus and Ilyo-glossus by a 
portion of the submaxillary gland. On the face, >vhcre it passes over the body 
of the mandible, it is comparatively superficial, lying immediately beneath the 
Platysma. In this situation its pulsation may be distinctly felt, and compression 
of the vessel against tho bone can be eficctually made. In its course over the 
face, it is covered by the integument, the fat of the cheek, and, near the angle 
of the mouth, by the Platysma, Risorius, and Zygomatici muscles. It rests on tlie 
Buccinator, the Levator anguli oris, and the Levator labii superioris (sometimes 
piercing or passing under this last muscle). The facial vein lies to the outer side 
of the artery, and takes a more direct course across the face, where it is separated 
from the artery by a considerable interval. In the neck it lies superficial to the 
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artery. The branches of the facial nerve cross the artery, and the infra-orbital 
nerve lies beneAtl\ it. 

The branches of tlie facial artery may be divided into two sets : those 
given off below the mandible (cervical), and those on the face (facial). 


Cervical Branches, 
Ascending palatine. 
Tonsillar. 
Submaxillary. 
Submental. 
Musculai*. 


Facial Branches, 
Inferior labial. 
Inferior coronary. 
Superior coronary. 
Lateral nasal. 
Angular. 

Muscular. 


The ascending palatine (a. palatina ascendeiis) (tig. 580) ])asses up between 
the Stylo-glossu.s and Stylo-pharyngciis to the ontt^r side of the pliarynx, along 


Fro. 576. — The arteries of the face and scalp.* 
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whicli it is continued between tlie Superior constrictor and the Internal pterygoid 
to near the base ot the skull. Jt divides, near the Levator jjalati, into two Ranches : 
one follows the course of the Levator palati, and, winding over the upper border 
of the Superior eoTistrictor, supplies the soft palate and the palatine glands, 
anastomosing with its fellow of the o])posite side and with the posterior palatine 
branch of the internal maxillary artery ; the other jnerces the Superior constrictor 
and supplies the toiisil and Eustachian tube, anastomovsing with the tonsillar and 
ascending pharyngtial arteries. 

* The muscular tissue of llio lips must be .suppo.sed to have been cut away, in order to show 
the course of the coronary arteries. 



FACIAL ARTERY 


633 


The tonsillar branch (ramus tonsillaris) (fig. 580) ascends between the Internal 
pterygoid and 8tylo-glosaus_, and then along the side of the pharynx, perforating the 
oupenor constrictor, to ramify in the substance of the tonsil and root of the tongue. 

The submaxillary or gldiiidiilar branches (rami ^landulares) cousist of three 
or four larj^e vessels, which supply the submaxillary gland, some being prolonged 
to the neighbouring muscles, lymphatic glands, and integument. 

The submental (a. submentalis), the largest of the cervical branches, is given olf 
from the facial artery just as that vessel (juits the submaxillary gland : it runs 
forwards upon the Mylo-hyoid muscle, just Ixdow the body of th(i mandible, and 
bcneatli tlie Digastric. After supplying the surrounding m iiscles, and anastomosi^ig 
with the sublingual artery by branches which perforate the Mylo-hyoid muscle, it 
arrives at th(‘, symphygis menti, where it turns over the border of the maiidilile 
and divides into a superficial and a deep branch. TJic superficial branch 
IMsses between the integument and D(‘,prcssor labii inferioris, supplies both, 
and anastomoses with the iiiferif)r labial artery ; the deep branch runs between the 
muscle and the bone, supplies the lip, and anastomoses with the inhuior labial 
and mental arteri(‘S. 

The inferior labial pn,ss(‘s bcneatli the Depressor aiiguli oris, to supjily the ■ 
muscles and integument of the lower lip, anastomosing with the inferior coronary 
and submental branches of the facial, and w’t lithe mental branch of the inferior 
dental artery. 

The inferior coronary (a. labialis inferior) arises near the angle of the mouth ; 
it passes upwiuds and inwards bimeatli the Dcjiressor anguli oris, and, pem^trating 
the Orbicularis oris muscle, runs in a tortuous course along the edge of the lower lip 
between this muscle and the mucous membrane, anastomosing with the artery of 
the oppositf^ side. It supplies the labial glands, the mucous meinbrane, and the 
muscles ol tlie lower lip ; and anastomoses with tlie inferior laliial, and the, mental 
branch of the inferior dental «nrtcrv. 

The superior coronary (a. labialis superior) is larger and more tortuous tlian 
the preceding. Tt follows a similar course along Ihe (‘dge o! the upper lij), lying 
between the juucous memliraiie and the Ortiicularis oris, and anastomoses with the 
aTjery oJ the opposite shhi. Tt supplies the textures of the upper li]), and gives 
oft ]n its (lourse two or thn‘e vessels which ascend to the nose. Dnc, named 
t\io, mfer 10 f artenj of ihc sepiunt, ramilies on the nasal septum as far as tlui point 
of the nose ; anotJier, the arlvinf of the aJa^ sujipiies the ala of tin* iios(‘,. 

Jhc lateral nasal is (lorived from the facial, as that v(‘ssel asiicnds along th(* 
suh* of thf', nose ; it supplies the ala and dorsum of the nose, anastomosing with iis 
iellow, and with the iiasal bi'aiich ol the ojihthalmic, the inferior artery of the 
sc'ptiim, tlu‘, artery of tlje ala, and t he infra-orbital. 

The angular (a. augularis) is the termination of the trunk of ihe facial : it 
ascends to the inner angle of tin* orbit, imbedded in the fibres of tlie Levator htbii 
superions aheqiie nasi, and accompanied by a large vein, the anffular. It distributes 
blanches on the cJieck vxliicli anastomose with the infra-orbital, and, after sup])lying 
the lachrymal sac jiiid Orbicularis palpeliraruiii innsijle, terminates by anastomosing 
with the nasal branch of the ophthalmic artery. 

Tlie musculnr , branches (rami musculares) in the neck are distributed to 
the Internal jiterygoid and Stylo-liyoid, and on tlie face to the Masseter and 
Jluccinator. 

Jim anastomoses of the facial aiT ery are very numerous, not onlv with tlu* 
vessel of the opposite side, liut, in the neck, with the sublingual luanch of tlic 
lingual ; with the ascending pluoyngeal ; with tlie posterior palatine branch of 
the iuternal maxillary, by its inferior or ascending palatine and tonsillar branches ; 
on the face, with the iuenta -1 branch of tlu^ inferior dental as it emerges from the 
mental ioramen : with the transverse facial branch of the superficial temporal ; 
with the infra-orbital branch ol the internal maxillarv ; and with the nasal 
branch of the ophthalmic. 

Peculiaritiea. lluj facial artery not infrequently ai'isos by a trunk common to it and 
tlie lingual. It varies in its size and in the extent to uhieh it supplies tlie face, li 
occasionally terminates as ihe submental, and not infrequently extends only as high as 
the angle of the month or nose. The deficiency is then compensated for by enlargement of 
one of ihe neighbouring arteries. 

Applied Anatomy. — The passage of the facial artery over the body of the mandible 
would appear to afford a favourable position for the application of jirossurc in cases of 
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hseniorrhage from the h'ps, the result either of an accidental wound or during an operation ; 
but its application is useless, except for a very short lime, on account of the free 
communication of this vessel with its fellow, and with numerous branches from different 
sources. In a wound involving the lip, it is better to seize the part between the fingers, 
and evert it, when the bleeding vessel may be at once secured with pressure-forceps. 
Li order to prevent ha?inorrhage incases of removal of growths from the part, the lip 
should be comi)reMsed on either side between the fingers and thumb, or by a pair of 
specially devised (^lamp-forceps, while the surgeon excises the disoii.s(‘d j)art. In order 
to stop Jnemoiihage when the lip has been clividcd in an op(jration, it is necessary, in 
uniting the edges of the wound, to pass the sutures through the cut edges, almost as deep 
as its mucous surface ; by these means, not only are the cut surfaces more neatly and 
securely adapted to cjicli other, but the possibility of ha'morrliago is ju’cventod by 
including in the sutim^ tll(^ divided arleiy. If, on tlie contrary, the suture be passed 
through merely the culantioiis portion of th#‘ woiirui, haunorrhago occurs into the cavity of 
the mouth. The student slioukl, lastly, observe tlie relation of the angular artery to the 
lachrymal sac ; as tiie. ve,ss(*l passes u}> along the imier margin of the orbit, it ascends on 
the nasal sidt* of the sac. Iji op'ratiiig for fistula laerimalis, tlie sac should always be 
opened on its oultu- side, in order iJiat this vesstd may he avoided. 

4. TJio occipital artery (a. oe.ei 2 )italis) (fig. 576) rarises from the posterior 
2 )aTt of th(i external earotid, oji^josite the facial, near tJie lower margin of 
the posterior belly of the Digastric, and terminates in tJie posterior part of tlie 
scalp. 

Relations.— At its origiii, it is covered by tln^ posterior belly of tlio Digastric 
and Stylo-hyoid, and the liyjjoglossal ikm*v(*, winds around it Jroni behind forw ards ; 
higher up, it crosses the internal earotid artcuy, the int(M*iial jugular vein, and the 
jHieuinogastric and spinal ac(;(\ssory n<3rves. It n(‘xt aseeiids to t he interval betwT,eii 
tin* transverse ])rocess of the atlas ajid the mastoid ju’ocess of the temporal bone, 
and jiasscs horizontally backwards, grooving the surface of tin' latter bone, being 
covered l)y the Sterno-inastoid, Sjdeiiiiis, Trachelo-inastoid, and Digastric musch's, 
and nesting upon the Keel us latiu’alis, the Sup(‘rior oblicjue, and (V)m})lexus 
muscles. It then elianges its course and runs vertically upwards, jherei's tin' fascia 
conne,cting the crajiial attachment of the Trajx'zius with tlni St (u no-mastoid, ajid 
ascejids in a tortuous course in tin' sujierficial fascia of tin' seal]), wTiere it 
divides into nunnu’ous branches, which reach as high as the vertex of tin*, skull 
and anastomose wutli the jtnsterior auricular and superficial t('mporal arteries. Its 
terminal iiortioji is acaannpaiiied by the great occi])itul nerve. 

The branches of the oeciiDital artery are : 

Muscular. Sterno-mastoid. Aiirieular. 

Meningeal. Arteria prineoi)S eervicis. 

Tlic muscular branches (rami muscularcs) supply the Digastric, Stylo-hyoid, 
Si)lenius, ajid Traelielo-mastoid. 

The sterno-mastoid branch (a. sternoeleidomastoid(ia) is large and constant, 
generally arisiTig from the artery clos(5 to its commencement, but sometimes spring- 
ing directly from the (‘xternal earotid. It passes downw^ards and backwards over 
the hypoglossal jierve, and enters the su])stanee of the muscle, in, company with the 
spiiial acc(^ssojy nerve. 

The auricular branch (ramus auricnlaris) sup]>li('s the back of the concha and 
frerpiently gives off a branch, which (*ntors the skull through the mastoid foramen 
and supplies tin? dura mater, the diploc, and the mastoid cells. This branch 
sometimes arises from the occipital artery, ajjd is tln'ii known as the mastoid branch. 

The meningeal branches (rami rneniiigei) ascend wuth the hiternal jugular vein, 
and enter the skull throiigli the jugular and jJosterior cojidyloid foramina, to supply 
the dura mater in the 2 )osterior fossa. 

The arteria princeps eervicis (ramus descond(ms) (fig. 580), the largest braiudi of 
the occipital, descends on the back of the neck, and divides into a superficial and 
deep poj-tion. TTk; superficial portioji runs beneath the Splcnius, giving oft* branches 
w^hich pierce that muscle to supply the Trapezius and anastomose with the super- 
ficial cervical branch of the trail sversalis colli : the deep portion passes beneath 
the Complexus, between it and the Seinispinalis colli, and anastomoses with branches 
from the vertebral and wdth the deep cervical artery, a branch of the superior 
intercostal. The anastomosis between these vessels assists in establishing the 
collateral circulation after ligature of the common carotid or subclavian artery. 
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The cranial branches of the occipital artery are distributed upon the occiput : 
they are very tortuous, and lie between the integument and Occipito-frontalis, 
anastomosing with the artery of the o})posite side and with the posterior auricular 
and temporal arteries. They supply the back part of the Occipito-frontalis muscle, 
the integument, and pericranium. 

5. The posterior auricular artery (a. auricularis posterior) (fig. 676) is 
small and arises from the external carotid, above the Digastric and Stylo- 
hyoid muscles, opposite the apex of the styloid process. It ascends, under 
cover of the parotid gland, on tlie styloid process of the temporal bone, 
to the groove between the cartilage of the ear and the mastoid process, 
immediately above Avhicli it divides into its auricular and mastoid branches. 

Besides Sfivoral small branches to the Digastric, Stylo-hyoid, and Sterno- 
mastoid muscles, and to tlie parotid gland, this vessel gives off three branches : 

Stylo-mastoid. Auricular. Mastoid. 

The stylo-mastoid branch (a. stylomastoidca) enters the stylo-mastoid foranum 
and supplies tlie tympanum, nuisioid (Jells, aiiH semicircular canals. In the young 
subj(ict a branch from ibis voss('l forms, with the tvTnpaiiic braiudi from the internal 
maxillarv, a vascular ciirle, whmli surrounds tin; nuunbrand tympani, and from 
NvhicJi d(;licate vess(jls ramify on that membrane. It ai astomoscs with the 
petrosal brancli of the middle meningeal arUny b}' a twig which enters the hiatus 
Fallopii. 

The auricular branch (ramus auricularis) ascends behind the ear, beneath the 
Retrahens aiiriculam muscle,, and is distri]>uted to the liack part of the cartilage 
of tlie (»ar, upon vvhicli it ramiticjs minutely, some branches cairving round the 
margin of the fibro-carf ilagc, others perforating it, to supply the anterior surface. 
It anastomoses with the* fiosterior branch and also with the anterior auricular 
branches of tlie superficial tcmiporal. 

The mastoid branch (ramus o(‘cipi(alis) passes backwards, over the Sterno- 
mastoid jriuscle, to tin* scalp ab()\e and bidiind the ear. Jt supplies the postmior 
belly of the Occipito-frontalis muscle and the scalp in (his situation. It anasto- 
moses with the occipital artery. 

0. Tho ascending pharyngeal artery (a. jiliaryngea ascendens) (fig. 5S0), 
tJu^ smallest branch of external carotid, is a long, slender vessel, deojdy 
scatcdintlnmcckjbeiunith the ollmr braiicliosof tlio external carotid and under 
the 8tylo-pharyngCMJS muscle. It- ariscjs from the back part of tlie extern.d 
carotid, near the comnumcemeiit (ff that vessel, and ascends vertically betw-een 
the internal carotid and the side of the jiharynx, to th(' under surface of 
the base of the skull, lying on the Rectus capitis aiiticus major. It ends 
by dividing into brandies which supply the pliarynx and soft palate. 

Its hraiidies iricay be di\'i(led into five sots ; 

Pharyngeal. Pro vertebral. 

Palatine. Tynijianic. 

Meningeal. 

The pharyngeal branches (rami pliiiryng<u) an* thrc(j or four in number. Two 
of these descend to supply the. Middle and Inferior constrictors and the Stylo- 
pharyngeus, ramifying in their substance and in the mucous membrane lining 
thcmi. 

The palatine branch varies in size, and may take the place of the ascending 
palatine branch of the facial artery, when that vessel is small. It passes inwards 
upon the Superior constrictor, seiicls ramifications to the soft palate and tonsil, and 
supplies a branch to the Eustachian tiilie. 

The prevertebral branches are nunKjrous small vessels, which supply the 
Recti capitis antici and Longi colli, the sympathetic, hypoglossal, and pneumo- 
gastric nerves, and the lymphat ic glands ; they anastomose with the ascending 
cervical artery. 

The tympanic branch (a. tympanica inferior) is a small artery whicJi passes 
through a minute foramen in the petrous portion of the temporal bone, in compajiy 
with the t3’'mpanic branch of the glosso-pharyngcal nerve, to supply the inner 
wall of tho tympanum and anastomose with the other tympanic arteries. 
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The meningeal branches consist of several small vessels, which supply the 
dura mater. One, the ^posterior meningeal (a. meningea posterior), enters the 
cranium through the jugular foramen ; a second passes through the foramen 
lacerum medium; and occasionally a third through the anterior condyloid foramen. 

Applied AncU(,my. — The ascending pharyngeal artery lias boon wounded from the 
throat ; as in tlio cose in which the stem of a tobnx?co-pipe w^as driven into the vessel, 
causing fatal liaunorrhago. 

7. The superficial temporal artery (a. temporalis sui)crficialis) (fig. 576), 
the smaller of the two terminal branches of the external carotid, appears, 
from its direction, to be the coiilinuation of that vessel. It commences in 
the substance of the parotid gland, behind the neck of the mandible, and 
crosses over tlio posterior root of tJie zygoma. It then passes beneath the 
Attrahens auriculam miiscl(% lying on the temporal fascia, and divides, about 
two inches above tlie zygonuili(^ arcli, into two branches, an anterior and a 
posterior t.em 2 )ora]. 

Belations. — As it crosses the zygoma, it is covered by the Attrahiuis auriculam 
muscle, and by a dense fascia : it is crossed by the teinporo-facjal division of the 
facia! nerv(^ and one or two veins, and is accompanied by the aiiriciilo-teraporal 
nerve, wliicli lies behind it. 

Besides some twigs to the jiaroiid gland, to the temporo-mandibular joint, 
and to tlie Masseter miisele, its branches .are : 

Transverse facial. Anterior auricular. 

Middle temporal. Anterior temporal. 

Posterior temporal. 

The transverse facial (a. transversa faciei) is given off from the siiperlicial 
temporal before that vessel quits the ])arotid gland ; running forwards throiigli 
the substance of tlie gland, it passes trajisversely across the side of tlu^ fa(:(\ 
between Stensoji’s duct and tin* lower border of the zygoma, and divides into 
num(*r()us branches, which sufipiy the parotid gland, the Masseter muscle, and the 
iiitegiiTrient, and anastomos(‘ with the facial, luasseteric, and infra-orhital arteries. 
This vessel rests on tin? Masseter, and is aeeompaiiied by one or two branches 
of the facial nerve. It is soiiK^tiines a branch of the external carotid. 

The middle temporal (a. temporalis media) ariscis immediatidy abovii the 
zygomatic arcli, and, perforating the temporal fascia, giv(‘.s brandies to tlie Tcmiporal 
muscle, anastomosing with the il(‘ep temporal branches of the internal maxillary. 
It occasionally gives oil an orbital branch, which runs along the u])per border of 
the zygoma, between the two layers of the temporal fascia, to the outer angle of the 
orbit. This branch, which may arise directly from tin* supi‘rtieial temporal artery, 
supplies the. Orbicularis palpebrarum, and anastomoses with the lachrymal and 
palp<*bral branches of the ophthalmic artery. 

The anterior auricular branches (rami aiiriculares aiiteriorcs) arc distributisd 
to tin* anterior portion of the pinna, the. lobule, and jiart of the external meatus, 
anastomosing with branches of tin? posterior auricular. 

The anterior temporal (ramus frontalis) runs tortuously upwards and forwards 
to tin* forehead, supplying the. muscles, integument, and pericranium in this region, 
and anastomoses with the sujira-orbital and frontal arteries. 

The posterior temporal (ramus jiario-tali.s), larger than the anterior, curves 
upwards and backwards along the side of the head, lying superficial to the temporal 
fascia, and anastomofn^s wdtli its fellow of tin* o 2 )posite side, and with the posterior 
auricular and occipital arteries. 

Applied Aiiat.()my. — The temporal artery, as it crosses the zygoma, lies immediately 
beneath the skin, and its jiulsations may be readily felt during the administration of an 
ana*sllietie, or undiT eircurnstanees where the ladial jmlse is not available ; or it may be 
easily com pressed agaiiist tln^ bone in order to cheek bleeding from the temporal region 
of the scalj). Mlicn a flap is raised from this pari of the head, as in the operation of 
trephining, the ineision sliould be shaped like a horso-slioe, with its convexity upwards, 
so that the flap shall contain the temporal artery, which ensures a suflieient supply of 
blood. The same primiplc is ap^died, as far as possible, in making incisions to raise 
flaps in other parts of llie scalp. Formerly the operation of arteriotomy was per- 
formed upon this vessel in cases of inflammation of the eye or brain, but this operation 
is now obsolete. 
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8. The internal maxillary artery (a. niaxillaris interna) (fig. 577), the 
larger of the two teritiinal brandies of tlip external carotid, arises behind 
the neck of the mandible, and is at first imbedded in the substance of the 
parotid gland ; it passes inwards between the ramus of the mandible and 
the internal -latd’al ligament, and then upon tlie outer surface of the External 
pterygoid muscle to the spheno-inaxillaty fossa to supply the deep structures 
of the face. For convenience of description, it is divided into maxillary, ptery- 
goid, and spheno- maxillary portions. 

The jirtii or maxilUiry portion passes horizontally forwards and inwards, 
between the ramus of tlie mandible and the internal lateral ligament, where 


Fio. 577. — The internal maxillary artery, and its branches. 





Fm. 57S.-- Plan of the IjranHiea. 



it lies parallel to and a little below the auriculo-temporal nerve ; it crosses 
tlie inferior dental nerve, and runs along the lower border of the External 
pterygoid. 

The second or pterygoid portion runs obliciuely forwards and upwards 
under cover of the ramus of the inandibldt on the outer (very frequenth^ on 
the inner) surface of the Exttjrnal pterygoid ; it then passes between the" two ' 
heads of on^n of this muscle and enters the splieno- maxillary fossa. 

The third or sphcno-mixillary portion lies in the spheno-maxillary fossa 
in relation with MeckeFB ganglion. 
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The branches of this vessel may be divided into three groups (fig. 578), 
corresponding with its three divisions. 

BRA^iCHES OF THE FlRST OR MaXILLARY PORTION 

Tympanic (anterior). Middle meningeal. 

Deep auricular. Small meningeal. 

Inferior dental. c < * | _ 

The tympanic (a. tympanica anterior) passes upw^ards })ehind the temporo- 
mandibular articulation, enters the tympanum through the Glaseriaii fissure, 
and ramifies upon the membrana tyiripaiii, forming a vascular circle around 
the membrane wuth the stylo-mastoid branch of the posterior auricular, and 
anastomosing wuth tln^ Vidian and with the tympanic branch from the internal 
carotid. 

The deep auricular (a. auricularis profunda) often arises in common with the 
preceding. Tt ascends in the substance of the parotid gland, behind the temporo- 
mandibular articulation, pierces the cartilaginous or bony wall of the external 
auditory meatus, and supplies its cuticular lining and the outer surface of the 
membrana tympani. It gives a branch to the temporo-mandibular joint. 

The middle meningeal (a. meningca media) is the largest of the branches wliich 
supply the dura mater. It ascends bctwe<‘.n the internal lateral ligament and the 
External pterygoid muscle, and between the two roots of the auriculo-temporal 
nerve to the foramen spinosum of the sphenoid bone, through wdiich it emters the 
cranium ; it tluni runs u})wards and forwards in a groove on the greater wing of the 
sphenoid bone, and divides into two branches, anterior and postiu ior. The anterior 
branch, the. larger, crosses the greater wing of the sphenoid, reaches the groove, or 
canal, in the ant(^ro-inferior angle of the parietal bone, and then divides into branches 
w'hich spread out between the d\ira mater and internal surface of the cranium, 
some passing upw'ards as far as the vertex, and others backwaids to the occipital 
region. The posterior branch crosses the scjuamous portion of th(‘ tcunporal, and 
on tin*, inner surface of the parietal bone divides into branches which supply the 
posterior part of the dura mater and cranium. The branches of this vessel are 
distributed partly to the dura mater, but chiefly to the bones ; they anastomose 
with the arteries of the opposite side, and with the anterior and posterior meningeal. 

The middle meningeal on entering the cranium gives olT the following branches : 
1. Numerous small vessels w'hich supply the (.Jasserian ganglion and the dura mater in this 
situation. 2. A pvtrnsal bran<!h (ramus petrosus supodidalis), which enters the hiatus 
Fallopii, supplies the facial nerve, and anastomoses with the stylo-mastoid branch of the 
posterior auricular artery. 3. A minute tyvifMnic branch (a. tympanica superior), wliich 
runs in the canal for the Tensor tympani muscle, and supplies this muscle and the Suing 
membrane of the canal. 4, Orbital branches, whicjli pass through tJui sphenoidal fissure 
or through separate canals in the greater wing of the sphenoid, to anastomose with the 
lachrymal or other branches of the ophthalmic artery. 5. Temporal or anastomotic 
branches, wliich pass through foramina in the greater wing of the sphenoid, and anastomose 
in the temporal fossa witli tlu^ dec]j tcmjioral arteries. 

Applied Anatomy . — The middle meningeal is an artery of considerable surgical 
importance, as it may be torn in fTacluros of the temporal region of tJie skull, or, indeed, 
by injuries causing separation of the dura mater from the bone, without fracture. The 
injury may bi« followed by considerable hiemorrliage between the bone and dura mater, 
which may produce compression of the brain, and require trephining for its relief. As 
the compression inijilicates the motor region of the corU^x, paralysis on the opposite side 
of the body forms the jirominent symiitom of the lesion. The anterior branch of this 
artery crosses the antcro-inferior angle of the parietal bone at a point 1 J inch liehind 
the external angular process of the frontal bone, and IJ inch above the zygoma (fig. 763). 
From this point it ]>asses upwards and slightly backwards to the sagittal suture, lying about 
J incli to •( inch heiiind the c oronal suture. The posterior branch runs backwards over 
the squamous laution of the temporal bone. In order to expose the anterior branch of 
' the artery, a poim is taken 1 J inch above the zygoma and the same distance behind tlu^ 
external angular process of the frontal bone. Here the pin of the trephine is to be applied. 
A horseshoe-shapcd flap, measuring three inches in length and transversely, and consisting 
of all the structures of the scalp down to the iicricranium, is now lo be made, with its 
base just above the zygoma. This flap is reflected, the pericranium is turned back, and 
an ijneh trephine npjiliod. After the crown of bone has been removed, the blood-clot is 
exposed, and gently got rid of, and if possible the bleeding point must be found and 
eontrolled. 



INTERNAL MAXILLARY ARTERY 


639 


The small meningeal (ramus mcinii^eus accessorius) is sometimes derived from 
the preceding. It enters the skull through the foramen ovale, and supplies the 
Gasserian ganglion and dura mater. 

The inferior dental (a. alveolaris inferior) descends with the inferior dental 
nerve to the foramen on the inner side of the ramus of the mandible. It runs along 
the dcjiital canal in the substance of the bone, accompanied by the nerve, and 
opposite the first bicuspid tooth divides into two branches, incisor and mental. 
The incisor branch is continued forv;ards beneath the incisor teeth as far as Uie 
symphysis rnenti, where it anastomoses with the artery of the opposite side ; the mental 
branch (a. mentalis) escapes with the nerve at the mental foramen, supplies the chin, 
and anastomoses with the siibmonttal, inferior labial, and inferior coronary arteries. 
Near its origin the inferior dental artery gives off a lingual branch, which descends 
with the lingual nerve and suppliers the mucous membrami of the mouth. As the 
inferior dental artery enters the foramen, it gives off a mglo-hyoid branch (ramus 
mvlohyoideus) which runs in the mylo-hyoicl groove, and ramilies on the under 
surface of tlnj Mylo-hyoid. The inferior dental artery and its incisor branch 
during tlieir courst^ through the substance of the bone give off a few twigs which 
are lost in the caiKiollous tissue, and a series of branches wiiich corrcsi)ond in number 
to the roots of the t(‘cth : these enter the niiiutc apertures at the extnunities of 
th(‘ fangs, and supply the pulp of the teeth. 


BuANCIIJflS or THE SECOND OR PtERYGOID PORTION 

Deep temporal. Masseteric. 

Pterygoid. Buccal. ► i. , , . 

The deep temporal branches, two in luimher, ariterior (a. temporalis profunda 
anterior) and posterior (a. temi)oralis profunda ])08t(Tior), ascend between the 
Temporal muscle and the pericranium ; they supply the muscle, and anastomose 
with the middle tcmiporal artery ; the anterior communicates with the lachrymal 
by means of small branches whicli perforate the malar bone and greater wing of 
the sphenoid. 

The pterygoid branches (rarni pterygoidei), iiTcgulur in their number and origin, 
8up])ly the Pterygoid muscles. 

The masseteric (a. mriss(*t(M’ica) is a small branch which i)ass('s outwards, above 
the sigmoid notch of the mandible, to the deep surface of the Masseter. It supplies 
the muscle, and anastomoses with the masseteric bi-amdies of the facial and with 
the transverse facial artery. 

The buccal (a. buccinatoria) is a small branch which runs obliquely forwards, 
between the Litorjial pterygoid ami tlie ramus of tlu^ jaw’, to the outer surface 
of the Buccinator, to which it is distributed, anastomosing wdt-h branches of the 
f.icial artery. 


Cjj^o 


Branches of the Third or Sphexo-maxillary Portion 

f • ^ ^ i ' 

Alv(iolar, . Mdian. 

Infra-orbital. Ptorygo-palatino. 

Descending palatine. Nasci- or Splieno-palatine. 


The alveolar or posterior dental (a. alveolaris superior posterior) is given oil 
from the internal maxillary, freqmuitly in conjunction wdth the infra-orbital just 
as the trunk of the vessel is passing into the spheno-maxillary fossa. Descending 
upon the tuberosity of the maxilla, it divides into numerous branches, some 
of which enter the posterior dental canals, to supply the molar and bicuspid teeth 
and the lining of the antrum, while others are continued forw^ards on the alveolar 
process to supply the gums. 

The infra-orbital (a. infraorbitalis) appears, from its direction, to be the 
continuation of the trunk of the internal maxillary, but often arises from that 
vessel in conjunction with the preceding branch. It runs along the infra-orhital 
canal with the superior maxillary nerve, and emerges on the face through the 
iiifra-orbital foramen, beneath the Levator labii superioris. While in the canal, 
it gives off (a) branches w^hicli ascend into the orbit, and assist in supplying the 
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Inf crior rectus and Inferior oblique muscles and the lachrymal gland, and (b) anterior 
. dental branches (aa. alveol. superiores antcriores) which descend through the anterior 
dental canals in the bone to supply the mucous membrane of the antrum and the 
front teeth of the maxilla. On the face, some branches pass upwards to the inner 
angle of the orbit and the lachrymal sac, anastomosing with the angular branch 
of the facial artery ; others run inwards towards the nose, anastomosing with the 
nasal branch of the ophthalmic ; and others descend beneath the Levator labii 
su 2 )crioris and anastomose with the transverse facial and buccal arteries. 

The four remaining branches arise from that portion of the internal maxillary 
which is contained in the spli (mo-maxillary fossa. 

The descending palatine (a. palatina doscemhms) descejids through the post(jrior 
palatine canal with the anterior palatine branch of Meckel’s ganglion, and, 
emerging from the j)os1crior })alatine foramen, runs forwards in a groove on the 
inner side of th(‘. alveolar border of the hard palate to the anterior palatine canal. 
The terminal branch of the artery passes ui)wards througli tln^ foramen of Stensoii 
to anastomose wdtli the naso-palatine artery. Branches arc distributed to the 
gums, the mucous membr/inc of the hard palate, and tin*, palatine glands. In 
the palatine canal it givcis off branches which dc'.scend in the accessory palatine 
canals to siipjdy the soft palate and tonsil, anastomosing with the ascending 
I)alatinc artery. 

Applied AimUmuj. — 'riu; position of the descending *a!*tery on the hard palate 

slmuld he borne in mind in performing an ojRTalion for the closure of a cleft in the hard 
palate, as it is in danger of being wounded, and may give j ise to forniidablt? lurmorihage ; 
it has even been found necessary to jiliig the jioslerior ])alatiiu‘ canal in ord(’r to aiTt‘st the 
bleeding. 

Th('. Vidian (a. caaalis i)terygoidei) passes backwards along the Vidian canal 
with the Vidian nerve. It is distribiitc'd to the upper 2 )art (d’ the pharynx 
and to the Eustachian tube, scmding into the tympanum a small branch which 
ajiastomoscs with tlui otJier tympanic arleric's. 

The pterygo-palatine, a veuy «J»ial] l)ra.nch, runs liackwajds tliroiigli tin* ])t(‘rygo- 
palatine canal with the ]>liaryrigcaJ jicrvc, and is distributed to the ujqxir ])art of 
the 2 )haiynx and to the Eustacliian tube. 

The spheno-palatine (a. sphcmopalatina) pass(‘,s through the spheno- 2 )ahitin(^ 
foramen into the cavity of the nose, at tln^ back 2 ^art of the su 2 )erior meatus, and 
divides into several branches. One, the naso-pafatinc, courses obliquely do\N'nwards 
and forwards along thi'. septum nasi, siqqdies the mucous membrane, and anasto- 
moses in front with lh(» terminal branch <}\ th(r descending palatine ; the other 
branches, two or three in number, are distributed to the lateral wall of the nose, 
the antrum, and the ethmoidal and sphenoidal cells. 

The Triam(JLEs of the Neck (fig. 579) 

The student having considered the relative anatomy of tlie large arteries 
of the neck and their branches, and tlic relations they bear to the veins and 
nerves, should now' examine these structures collectively^ as they present 
themselves in certain regions of the neck, in each of Avliieh important operations 
ar<‘ eoristantly being performed. 

The side of the neck presents a somewhat quadi ilateral outline, limited, 
above, by tlie low^er border of the body of the mandible, and an imaginary lino 
extending from the angle of the mandible to tlie mastoid process ; below, by the 
I)roniineTit upper border of the clavicle ; in front, by the middle line of the 
neck ; behind, by the anterior margin of the Trapezius muscle. This sj)ace 
is subdivid(‘d into two large triangles by the Sterno-mastoid muscle, which 
passes obli(jU(*ly across tlu* neck, from the sternum and clavicle below', to the 
mastoid process and (X‘ci 2 )ital bone above. The triangular space in front of 
this muscle is called the anterior triangle ; and that behind it, the posterior 
triangle. 

Anterior Triangle of the Neck 

Tlie anterior triangle is bounded, in front, by a line extending* from 
the symphysis menti to the sternum ; behind, by tlie anterior margin of the 
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Sterno- mastoid ; its base, directed upwards, is formed by the lower border 
of the body of the mandible, and a line extending from the angle of the 
mandible to the mastoid process ; its apex is below, at the sternum. This 
space is subdivided into four smaller triangles by the Digastric muscle above, 
and tlie anterior belly of the Omo-hyoid below. These smaller triangles are 
named the inferior carotid, the superior carotid, the submaxillary, and the 
supra-hyoid triangles. 

The inferior carotid, or fr^ngmlar triarurip^ is bo]^d(^„jA^^ by 
the median line of the neck from the hyoid bone to the sternum ; behind. 
by the anterior margin of the Sterno-mastoid ; above , by the anterior belly 
of the Omo-hyoid. It is i^aJOired.- by the integument, superficial fascia, 
Platysma, and deep fascia ; ramifying in which are some of the descend- 
ing branches of the superficial cervical plexus. Beneath these superficial 
structures are the Sterno-hyoid and Sterno- thyroid muscles, which, together 
with the anterior margin of the Sterno-mastoid, conceal the lower part of the 
common carotid artery.* This vessel is enclosed within its sheath, together 
with the internal jugular vein and pneumogastric nerve ; the vein lies on the 
outer side of the artt^rv on the right side of the neck, but overlaps it below 


Fui. 579. — The Iriaiiglef of the neck. 



on the left side ;• the nerve lies between the artery and vein, on a plane 
j)osterior to both. la front of the shoatb,are a few filaments descending from 
the loop of communication between the descendons and communicantes 
hypogloBsi ; behiji^d the sheath are the inferior thyi'oid artery, the recur- 
rent laryngeal nerveraritPflTe sympathetic cord ; and on its inner side, the 
oesophagus, the trachea, the thyroid gland — mucih more prominent in the 
female than in the male — and the lower i)art of the larynx. By cutting into 
the upjjer part of this space, and slightly displacing the Sterno-mastoid muscle, 
the common carotid artery may be tied below the Omo-hyoid muscle. 

The superior carotid, or ca rotid triangl e, is bo uniied . behind, by the 
Sterno-mastoid ; thl^lmfenoTBelly oT tlie Omo-hyoid ; and above, 

* Tlierefore the common carotid artery and internal jngula]* \’ein are not, strictly spt»aking, 
contained in this triangle, since they are covered by the Sterno-mastoid muscle ; that is to say, 
they lie under that muscle, which forms the 2:>osterior border of the triangle. But as tliey lie 
very close to the structures which arc really contained in the triangle, and whose position it is 
essential to remember in operating on this part of the artery, it*is expedient to study the 
relations of all these parts together. 
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by the Stylo-hyoid muscle and the posterior belly of tlie Digastric. ItiaxuMEared 
by the integument, superficial fascia, Platysma, and deep fascia ; ramifying 
in which are branciies of the facial and superficial cervical nerves. Its 
floor iijJprJPajcd. by parts of the Thy^-hyoid, Hy^lossus, and the Inferior 
and Middle constrictor muscles of tlie pharynx. This space when dissected 
is seen to contain the upper part of the common carotid artery, which bifur- 
cates opposite file upper bordei* of the tliyroid cartilage into the external 
and internal carotid. These vessels are somewhat concealed from view by 
the anterior margin of the Slerno-mastoid muscle, M'hich overlaps them. 
Tlie external and internal carotids lie side by side, the external being the 
more anterior of the tvo. The following hr anehea nf the oxtorn ul carotid 
are also met witli in this space : the superior thyroid, running forwards and 
dowmwards ; the lingual, directly forwards ; the facial, forwards and upwards ; 
the occipital, backwards ; and tlie fiscending pharyngeal, directly upwards 
on the inner side of tlie internal carotid. The veirits met with are : the internal 
jugulai*, whicli lies on the outer side of the common and internal carotid 
arteries ; and vchis corresponding to the above-mentioned branehes of the 
('Xternal carotid — viz. the superior thyroid, the lingual, facial, ascending 
pharyngeal, and soim^times tlic occijiital — all of wliich accompany theif corre- 
sjionding ai l cries, and terminate' in the internal jugular. The nerves in tliis 
S2)acc are the following. In front of the sheatli of the (‘oinmon carotid is the 
(h'seendens hypoglossi. The hypoglos.sal nerve crosses both the internal and 
(‘xternfil carotids above, curving round the origin of tlu* occipital artery. 
AVithin the sheath, hetAvecn the artery and vein, and beliiiid both, is the 
pneumogastric nerve ; beliiiid the sheath, the sympathetic. On the outci' 
side of the vessels, the sjiinal accessory nerve runs for a short distance? before 
it pierces the Sterno-mastoid muscle ; and on tlie inner side of the (‘xternal 
carotid, just below' the hyoid bone, may be soc'ii the internal laryngeal nerve : 
and, still more infcrioiiy, tlie external laryngeal nerve. TJie upper 2>ortion 
of the larynx and lower i^oition of the pliarvnx aic also found in tlie front 
part of this space. 

TJio submaxillary or dig a fttric . triangl e eortx's ponds to tlie region of the 
neck immediately beneath tJie body of the mandible. It is bounded, above, 
by the low’er border of the liody of the mandible, and a line dituvn from its 
angl(? to the mastoid process ; hidow, by the jxisterior belly of the Digastric 
and Stylo-hyoid muscles ; in front, by the anterior belly of the Digastric. It is 
covered by the integument , su| 7 erficial fascia, Platysma, and deep fascia ; 
ramifying in which an? branches of the facial nerve and ascending filaments 
of the superficial cervical nerve. Its floor is formed by the Mylo-liyoid, 
Hyo-glossus, and Superior constrictor of the pharynx. It is divided into an 
anterior and a posterior part by the stylo-mandibular ligament. The anterior 
jjart contains the submaxillary gland, sujjerficial to whieli is the facial 
vein, w'hile imbedded in the gland is the facial artery and its glandular 
branches ; beneatli tin? gland, on the surface of the Mylo-hyoid muscle, ai(' 
tlic subiiicntal artery and the mylo-hyoid artery and nerve. The posterior 
part of this triangle contains the external carotid artery, ascending deej))y 
in the substaiuie of the jjarotid gland ; this v(?ssel lies iiero in front of, 
an<l superficial to, the internal carotid, being crossed by the facial nerve, 
and gives off in. its course the ])Osterior auricular, temporal, and internal 
maxillary branches : more deeply are the internal carotid, the internal 
jugular vein, and the pncumogastric nerve, separated from the external 
carotid by the Stylo-glossus and Stylo-pharyngeus muscles, and the glosso- 
pharyngeal nerve.* 

The supra-hyoid triangle is limited behind by the anterior belly of 
the Digastric, in Jbpjat by the middle line of the neck betw^eon tJio 
symphysis menti and tlu? hyoid bone, bfihw^^by the body of tlie hyoid bone : 
its floor is foriiu'd by tlie Mylo-hyoid. It contains one or tw^o lymphatic 
glands and some sniaJl veins ; the latter unite to form the anterior jugular 
vein. 

* The remark made about tin* (.'arotiil triangle applies also to this one. The structures 
enumerated as contained in its i)osterior j>artlie, strictly sj^eaking, beneath the muscles which 
form the posterior boundarj" of the triangle ; but as it is very important to bear in mind tbeii- 
close relation to the parotid gland, all fhesre i)arts are spoken of together. 
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Posterior Triangle or the Neck 

The posterior triangle is bounded, in front, by the Sterno-mastoid 
muscle ; behind by the anterior margin of the Trai)ezius ; its base corre- 
sponds to the middle third of the clavicle ; its apex, to the occiput. The space 
is crossed, about an inch above the clavicle, by the posterior belly of the 
Omo-hyoid, which divides it into two triangles, an upper or occipital, and a 
lower or subclavian. 

The occipital triangle, the larger division of the posterior triangle, is 
bounded, in front, by the 8tcrno-mastoid ; behind, by the Trapezius ; below, 
by the Omo-hyoid. Its floor is formed from above downwards by the Splenius 
capitis, Levator anguli scapulae, and the Middle and Posterior scaleni. It is 
covered by the integument, the superficial and deep fasciae, and by the Platysma 
bt^low’. The spinal accessory nerve is directed obliquely ^mross tlie space from 
the Sterno-mastoid, which it pierces, to the under surface of the Trapezius ; 
below, tlie descending branches of the cervical plexus tand the transvcrsalis 
colli vessels and the uj>per part of the brachial plexus cross the space. A 
chain of lymphatic glands is also found running along the posterior border 
of tlie Sterno-mastoid, from the mastoid process to the root of the neck. 
These glands are frequently enlarged and often require removal ; when this 
is the case particular care must be takcfi not to divide the s])inal accessory 
nei’ve. 

The subclavian triangle, tlic smaller division of the posterior triangle, 
is bounded, above, by the posterior belly of the Omo-hyoid ; below, by the 
clavicle; its base is foi ined by the posterior border of the Sterno-mastoid. Its 
floor is formed by th(' first rib with the first digitation of the Serratus magniis. 
The size of the subclavian tjiaughi varies with the extent of attachment of 
the clavicular portions of the Sterno-mastoid and Trapezius, and also with 
the height at which the Ojno-hyoid crosses the neck. Its height also varies 
according to the position of the arm, being diminished by raising the limb, 
on account of the ascent of flie clavicle, and increased by drawing the aim 
downw ards, when that bone is dcqiressed. This space is (covered by the integu- 
ment, the superficial and deep fascia* and the Platysma, and crossed b}’' tJie 
descending branches of the (jcrvieal plexus. Just above the lev(‘l of the clavicle, 
the tiiird iiortion of the subclavian artery- curves outwards and dowmwards 
from the outer margin of tlie Hcalenus anticus. across the first rib, to the 
axilla, ind this is the situation most commonly chosen for ligaturing the 
v(*ssel. iSometiines this vessel rises a« liigb as an inch and a lialf above tlic 
clavicle; occasionally, it passes in front of th(‘ Staxleiius anticus, or pierces 
the fibies of that muscle. The subclaviin vein lies behind the clavicle, and 
is not usually seen in this sj)ace ; but in some cases it rises as high as the 
'U’tery, and has ev(‘n bc'cn seen to ]>ass with tJiat acsscI behind the Scalenus 
.uiticus. The braelhal jdexus of nerves lies above the artery, and in close 
contact with it. Passing transversely behind the clavicle are the supra- 
scapular vessels ; and traversing its upper angle in the same direction, the 
transvcrsalis colli artery and vein. Th<? external jugular vein runs vertically 
downw^ards beliirxl the posterior border of tlui Sterno-mastoid, to terminate 
in the subclavian vein; it receives the transvcrsalis colli and suprascapular 
veins, which form a plexus in front of the m-tcry, and occasionally a small 
vein Avhicli crosses the clavicle from the cephalic. The small nerve to the 
Subclavius muscle also crosses this triangle about its middle, and some 
Jymphfitic glands are usually found in the space. 

Internal Carotid Artery 

The internal carotid artery (a. carotis interna) (fig. 580) supplies the 
anterior part of the brain, the eye and its appendages, and sends branches to 
the forehead and nose. Its size, in the adult, is equal to that of the external 
carotid, though, in the child, it is larger than that vessel. It is remarkable 
for the number of curvatures tliat it presents in different parts of its course. 

It occasionally has one or two flexures near the base of the skull, while in its 
passage through the carotid canal and along the side of the body of the 
sphenoid bone it describes a double curvature and resembles the italic letter S, 

T T 2 
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B^lationt. — coiisidering tUe course and relations of this vessel it may be 
* divided into four portions : cervical, petrous, cavernous, and cerebral, 

Ceildoal Portion, — This portion of the internal carotid commences at the 
bifurcation of the common carotid, opposite the upper border of the thyroid 
cartilage, and runs perpendicularly upwards, in front of the transverse processes 
oi the upper three cervical yertebrse, to the carotid canal in the petrous portion 


Fig. 580. — ^The internid carotid and vertebral arteries. Right side. 



of the temporal It is comparatively superficial at its commencement, where 

it is contained in the carotid triangle, and lies Vjehind and to the outer side of 
the external carotid, overlapped by the Stemo-mastoid, and covered by the deep 
fascia, Platysma, and integument : it then passejs beneath the parotid gland, 
being crossed by the hypoglossal nerve, the Digastric and Stylo-hyoid muscles, 
and the occipital and posterior auricular arteries. Higher up, it is separated 
from the external carotid by the Stylo-glossus and Stylo-pharyngeus muscles, 
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the tip of the styloid process and the stylo-hyoid ligament, the glosso-phanm^eal, 
nerve and the pharyngeal branch of the pneuinogastric* It is in relation, hdiwdi^\ 
with the Rectus capitis anticus major, the superior cervical ganglion of ^tbe 
sympathetic, and the superior laryngeal nerve ; externally ^ with the internal jugulai . 
vein and pneumogastric nerve, the nerve lying on a plane posterior to the arteiy ; 
internally, with the pharynx, tonsil, the superior laryngeal nerve, and ascending 
pharyngeal artery. At the base of the skull the giosso-pharyngeal, vagus, spinal 
accessory, and h 3 rpoglossal nerves lie between the artery and the internal jugular 
vein. 

Petrous Portion. — When the internal carotid artery enters the canal in the 
petrous portion of the temporal bone, it first ascends a short distance, then curves 
forwards and inwards, and again ascends as it leaves the canal to enter the cavity 
of the skull between the lingula and petrosal process of the sphenoid. The artery 
litvs at first in front of the cochlea and tympanic cavity ; from the latter cavity 
it is separated by a thin, bony lamella, which is cribriform in the young subject, 
and often partly absorbed in old age. Farther forwards it is separated from 
the (rasserian ganglion by a thin plate of bi ne, whicli forms the floor of the fossa 
for the ganglion and the roof of tin* horizontal portion of the canal. Frequently 
this bony plate is more or less deficient, and then the ganglion is separated from 
the artery by fibrous membrane. The artery is separated from the bony wall of 
the carotid canal by a prolongation of dura mater, and is surrounded by a number 
of small veins and by filaments of the carotid plexus, derived from the ascending 
branch of the superior cervical ganglion of the sympathetic. 

Cavernous Portion. — The internal carotid artery, in this part of its course, is 
situated between the layers of the dura mater forming the cavernous sinus, but 
covered by the lining rmmibrane of the sinus. It at first ascends towards the 
f)Osterior cJinoid process, then passes forwards by the side of the body of the 
s{)henoid bone, and again curves upwards on the inner side of the anterior cliiioid 
])rocess, and perforates tlu* dura mater forming the roof of the sinus. In this part 
<jf its course it is surrouncicMi by iilanieuts of the sympathetic nerve, and on its outer 
side is the sixth nerve. 

Cerebral Portion. — Having perforatiMl the dura mater on the inruT side of the 
anterior clinoid process, the int(*rnal carotid passes betwecji the second and third 
eranial inu'ves to the anterior perforated space at the inner extremity of the fissure 
of S3’lvius, w’liere it gives oil its terminal or cerebral branches. This portion of 
the artery has the optic nerve on its inner side, and the third nerve on its outer. 


PicuUantiea . — The length of the internal carotid via’itvs according to the length of the 
neck, and also according to the point of bifurcation of the common carotid. It arises 
som(*times from the arcli of the aorta ; in .su(;h rare instances, this vessel has been found 
to he placed nearer the middle, line of the neck than the cxtermil carotid, as far upwards 
cis the iar3nix, when the latter vessc^l crossed the internal carotid, llie eoiirsc of the 
artery, instead of being straight, may be very tortuous. A few instances arc recorded in 
Avhieh tJiis vessel was altogether absent ; in tine of these the common carotid passed up 
th(‘ n(*ck, and gave otl the usual branches of the external carotid ; the eranial portion of 
the internal carotid was replaxjed by two branches of the internal maxillary, which 
(filtered the skull liirough the foramen rotiindum and foramen ovale, and joined to form 
a single vessel. 

Applied Anatomy . — The cervical part of the internal carotid is very rarely wounded. 
It is, JiowoA’^er, somtjtimcs injured by a stab or gunshot wound in tho neck, or even 
occasionally by a stab from within the mouth, as when a person receives a thrust from 
the end of a parasol, or falls dow n with a tobacco-pipe in his mouth. Although the internal 
c arotid lies about three-quarters of an inch behind and external to the tonsil, instances 
have occurred in whicli the artery has been wounded during the operation of scarifying the 
tonsil, and fatal haimoiThage Jias supervened. The incision for ligature of tho cervical 
portion of the internal carotid sJiould be made along the anterior border of the Sterno- 
niiistoid, from the angle of the jaw to the upiier border of the thyroid cartilage. Tho 
superficial structures being divided, and the Stemo-mastoid defined and drawn outwards, 
tlie cellular tissue must be carefully separated and tho posterior belly of the Digastric 
and hypoglossal nerve sought for as guides to the vessel. When the artery is found, the 
external carotid should be drawn inw^arcis and the Digastric muscle upw^ards, and the 
aneurysm needle passed from without inwards. 

Obstruction of the internal carotid by embolism or thrombosis may give rise to 
symptoms of cerebral anaemia and softening if the collateral circulation is ill-developed. 
'Jlie patient suffers from giddiness, with failure of the mental powers, and convulsions, 
coma, or hemiplegia on the opijosite side of the body, may bo observed. 
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Branches. — ^Tho cervical portion of the internal carotid gives off no 
branches. Those from the other portions are : 


From the Petrous 'portion 
From the Cavernous portion 


From the Cerebral portion 


(Tympanic (internal or deep). 
1 Vidian. 

( Arteri33 receptaculi. 
Pituitary. 

Gasserian. 

Anterior meningeal. 
Ophthalmic. 

Anterior cerebral. 

Middle cerebral. 

Posterior communicating. 
Anterior choroidal. 


1 . The tympanic (ramus caroticotympanicus) is a small branch which enters 
the cavity of the tympanum, tlirough a minute foramen in the carotid canal, and 


Fio. 58 J. — Tile o[)hthalmic artery and its branchos. 



anastomosjes wflh the tympanic liranch of the internal maxillary, and with the 
stylu-mastoid artery. * 

2. The Vidian is a small, inconstant branch which passes through the Vidian 
canal sind anastomoses with th(3 Vidian branch of the iutcnial maxillary artery. 

3. The arteriaa receptaculi are numerous small vessels which supply the 
pituitary body, the OasKCirian ganglion, and the walls of the cavernous and inferior 
petrosal sinuses. Some of Ihem anastomose with branches of the middle meningeal. 

4. The pituitary branches are one or two minute vessels supplying the 
pituitary body. 

5. The Gasserian branches are small vessels to the Gasserian ganglion. 

0. The anterior meningeal is a small branch which passes over the lesser 
wdng of the sphenoid to supply the dura mater of the anterior cranial fossa ; it 
anastomoses with the meningeal branch from the posterior etimioidal artery. 
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7. The ophthalmic artery (a. ophthalmica) (fig. 581) arises from the internal 
carotid, just as that vessel is emerging from the cavcnious sinus, on the inner side of 
the anterior clinoid process, and enters the orbital cavity through the optic foramen, 
below and on the outer side of the optic nerve. It then passes over the nerve to the 
inner wall of the orbit, and thence horizontally forwards, beneath the lower border 
of the Superior oblique muscle, to a point behind the internal angular process of the 
frontal bone, where it divides into two terminal branches, the frontal and naml.-'i 
As the artery crosses the optic luirve it is accompanied by the nasal nerve, and is 
separated from the frontal nerve by the Rectus superior and Levator palpebuc 
superioris muscles. 

The branches of the ophthalmic artery may be divided into an orbital (jroup, 
distributed to the orbit and surrounding parts ; and an ocular (jroup, to the muscles 
and globe of the eve. 

Orbital (Iron p. 

Lachrymal. 

Supra 'Orbital. 

Posterior ethmoidal. ' 

Ant<M-ior (ithmoidal. 

Internal palpebral. " 

Frontal. / , . 

' Nasal. A. ' 

'riie hivhrpmil (a. lacrimalis) arises close to the optic foramen, and is one of the largest 
bianclies derived from the o])hthalmic : not infreqiK'nlly it is giv'^on off before tlit' artery 
enters the orbit. It accompanies the la(hrvmal nerve along the upper bordi‘r of the 
External rectus muscle, and is distribuled to the lacbrjinal gland. Its terminal branches, 
eHca])ing from the gland, are distribuled to the eyelids and conjunctiva : of lhost‘ 
siqiplying the eyelids, two are of considerable size and are namtsd the external palpebral 
(aa. palpel)rales Interalcs) ; they run inwards in the upper and lower lids respectively and 
anastomose with the internal palpelu’al arteries, forming an arterial circle in this situation, 
'^fhe lachrymal arb'ry gives oil one or two inahtr branches, one of which passes tlirougli a 
foranuui in the malar l)one, to reach the temporal fossa, and anastomoses with the dee]> 
temporal arteries ; another apjiears on the cheek through the malar foramen, and 
anasto/uoses with ih(» transverse facial. A recurrent branch passes backwards through 
tlic sphenoidal fissure to the dura mater, and anastomoses with a branch of tlio middle 
meningeal artery. Tlic lachrymal artery is sometimes derived from one of tlic* anterior 
branches of the middle meningeal artery. 

i’Jie snpra-orhital (a. supraorbitalis) springs from the ophthalmic as that vessel i.s 
crossing over the o[)tic nerve. Ascending so as lo rise above all the miLseles of the orbit, 
it runs forwards, with the snpra-orbital nerve, between the jieriosteum and D" valor 
palpebra* ; an<l, passing through the supra-orbilal foramen, divides into a superlicial and 
a deep braneli, which supply tlie integument, the muscies, and tlie pericranium of the fore- 
head, anastomosing with the frontal, the anterior branch of tlie temporal, and the artery 
of the opposite side. This artery in tlu' orbit supplies the Sui^erior rectus and the L'vatoV 
])alpebrte, and sends a branch inwwds, across the jiulley of the Superior oblique muscle, 
to supply the parts at tlui inner carithus. At the supra-orbital foramen it fi'oquently 
transmits a branch to the dijiloc. 

The ethmoidal Ip'anxhes are two in number : posterior and anterior. postmior 

(a. ethmoidalis posterior), which is the smaller, ijasses through the posterior ethmoidal 
canal, suijplios the posterior ethmoidal cells, and, entering the israiiium, gives off a meningeal 
branch to the adjacent dura mater, and nasal branches wliieh descend into the nose through 
apertures in the cribriform jilate, anastomosing with branches of tlic sphenoqialatine. 
Tlic anterior ethmoidal artery (a. ethmoidalis anterior) accompanies ^the nasal nerve 
thtough the anterior ethmoidal (;aual, supplies llic anterior and middle ethmoidal cells 
and frontal sinuses, and, entering the cranium, gives off a meningeal branch to 
tht* adjacent dura mater, and nasal branches. These latter descend into the nose 
through the slit by the side of the crista galli, and, running along the groove on the under 
surface of the nasal bone, supply the skin of tli'e nose. 

The palpebral arteries (aa. palpebrales medialos), two in number, superior and inferior, 
arise from the ophthalmic, opposite the pulley of the Superior oblique muscle ; they leav c 
the orbit to encurclo the eyehds near their free margins, forming a superior and an inhu’ior 
£troh, which lie between the Orbicularis muscle and tarsal jilatos. TJie superior palpeliral 
anastomoses, at the outer angle of the orbit, w'ith the orbital branch of the temjioral 
artery, and with the upper of the two external palpebral branches from the lachrymal 
artery ; the inferior palpebral anastomoses, at the outer angle of tlie orbit, with the 
lower of the two external palpebral branches from the Iaclir3rmal and with the transverse 
facial artery, and, at the inner side of the lid, witli a branch from the angular artery. 


Ocular Group. 

(\^ntral urtery of the retina, 
►Short ciliary. I , ; i 

Long ciliary. 

Anterior cilia ly. 

MuscLilai-. 
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From this last anastomosis a branch passes to the nasal duct, ramif 3 dng in its mucous 
membrane, as far as the inferior meatus. 

Tlie frontal artery (a. frontalis), one of the terminal branches of the ophthalmic, leaves 
the orbit at its inner angle with the supra-trochlear nerve, and, ascen^g on the 
forehead, supplies the integument, muscles, and pericranium, anastomosing with the 
supra-orbital artery, and with the artery of the opposite side. 

The nasal artery (a, dorsalis nasi), the other terminal branch of the ophthalmic, emerges 
from the orbit above the tendo oculi, and, after giving a branch to the upper part of the 
lachr 3 nnal sac, divides into two branches, one of which crosses the root of the nose, and 
anastomoses with the un giiluT artery ; the other runs along the dorsum of the nose, 
supplies its outer surface, and anastomoses with the artery of the opposite side, ^d 
with the late^ nasal branch of the facial. 

Hie centred artery of the retina (a. centralis retinae) is the first and one of the smallest 
branches of the ophthalmic artery. Tt runs for a short distance within the dural sheath of 
the nerve, but about half an inch behind the eyeball it pierces the optic nerve obliquely, 
and runs forward in the centre of its substance, and enters the globe of the eye through 
the porus opticus. Its mode of distribution will be described in the account of the 
anatomy of the eye. 

The ciliary arteries are divisible into three groups, the long and short posterior, and 
the anterior. The short posterior ciliary arteries (aa. ciliarcs posteriores breves), from six 
to twelve in number, arise from the ophthalmic, or some of its branches ; they pass 
forwards around the optic nerve to the posterior part of the eyeball, pierce the sclera 
around the entrance of the nerve, and supply the choroid coat and ciliary processes. The 
long posterior ciliary arteries (aa. eiliares posteriores longse), tw'O in numl^er, pierce the 
posterior part of the sclera at some little distance from the optic nerve, and run 
forwards,' along each side of the eyeball, iHjtween the sclera and choroid, to the ciliary 
muscle, where they divide into tw o branches ; these form an arterial circle, the cirvulns 
iridis major, around tlie circumference of the iris, from w^hich numerous converging 
branches run inw'ards, in the substance of the iris, to its free margin, wdiere they form 
a second arterial circle, the circalns iridis minor. The anterior ciliary arteries (aa. eiliares 
anteriores) are derived from the muscular branches ; they run to the front of the eyeball 
in company with the tendons of the Hecti, form a vascular zone beneath the coifjunetiva, 
and then pierce the sclera a short distance from the cornea and terminate in the circiilus 
major iridis. 

The muscular branches (rami luusculares), two in number, superior and inferior, 
frequently spring from a common trunk. The suj)erior, the smaJler, often w^anting, supplies 
the Levator palpcbra*. Superior rectus, andSuiwrior oblique. TJie inferior, more constantly 
present, pjusses forwards between the optic nerve and Inferior rectus, and is distributed 
to the External, Inttu-nal, and Inferior recti, and the Inferior oblique. This vessel gives 
off most of the anl(‘rior ciliary artericjs. Additional muscular brancljes arc* given off from 
the lachrymal and supra-orbital branches, or from the trunk of the ophthalmic. 

8. The anterior cerebral artery (a. cerebri anterior) (fig. 582) arises from the 
internal carotid, at the inner extremity of the fissure of Sylvius. It passes forw ards 
and inw ards across the. anterior perforated space, above the optic nerve, to the com- 
mencement of the great longitudinal fissure. Here it comes into close relationship 
with the artery of the op])osite side, and the two vessels are connected by a short 
trunk, the anterior communicating artery (a. communicans anterior). From this 
point, the tw'o vessels ruji side by side in the longitudinal fissure, curve round 
the genu, and turning backwards continue along the upper surface of the corpus 
callosum to its posterior part, where they terminate by anasttiinosing with the 
posterior cerebral arteries. 

In its coiirsf* tin* anterior cerebral artery gives off the following branches : 

Antero-niedian ganglionic. Anterior internal frontal. 

Inferior internal frontal. Middle internal frontal. 

Posterior internal frontal. 

The anti'fo-wedjan ganglionic branches are a group of small arteries Wf'hich aiise 
at the comnK'Ticcmejit of the auterior cerebral artery ; they pierce tlie anterior 
» perforated spare and lamina terminalis, and supply the rostrum of the corpus 
callosum, the septum pollucidum, and the head of the caudate nucletis. The inferior 
internal frontal branches, two or three in number, are distributed to the orbital surface 
of the frontal lobe, wliere they supply the olfactory lobe, gyrus rectus, and internal 
orbital convolution. The anterior internal frontal branches supply a part of the 
marginal convolution, and send branches over the edge of the hemisphere to the 
superior and middle frontal convolutions and upper part of the ascending frontal 
convolution. The middle internal frontal branches supply the corpus callosum, 
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tlie callosal convolution, the inner surface of the superior frontal convolution, and 
the upper part of the ascending frontal convolution. The posterior internal 
frontal branches supply the lobus quadratus and adjacent outer surface of the 
hemisphere. 


Fio. 682. — The arteries of the base of the brain. The right half of the cerebellum 
and pons have been removed. 



— It will be noticed that in the illustration the two anterior cerebral arteries 
have been draw^n at a considerable distance from each other ; this makes the anteiior 
communicating artery appear longer than it really is. 


The anterior communicating artery is a short branch, about 4 inni. in length, 
but of moderate size, connecting together the two anterior cerebral arteries across 
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the longitudinal fissure. Sometimes this vessel is wanting, the two arteries joining 
together to form a single trunk, which afterwards divides ; or the vessel may be 
wholly, or partially, divided into tw'O ; frequently it is longer and smaller than 


Fig. 683. — The distribution of the middle cerebral artery, (After Charcot.) 



usual. It gives oil* some of the antero>median ganglionic vessels, but these aie 
principally derived from the anterior cerebral. 

9. The middle cerebral artery (.a. cerebri media) (fig. 583), the largcist branch of 
the internal carotid, passes obliquely outwards along the fissure of Sylvius, and 
divides into its terminal branches opposite the island of Keil. 

The branches of this vessel are the : 

Aiitero-lateral ganglionic. Ascending parietal. 

Inferior external frontal. Paricto-tcrnporal. 

Ascending frontal. Temporal. 

The antero-lateral ganglion Ir branches, a group of small arteries whi(;h arise 
at the comniencement of the middle cerebral artery, are arranged in two sets : 

Fig. 684. — Outer surface of cerebral hemisphere, showing areas supplied 

cerebral arteries. 



Anterior ecrebrj,!, blue ; middle cerebral, red ; ])osterior cerebral, yellow. 


one, the internal siriaie, passes upwards through the inner segments of the lenticular 
nucleus, and supplies it, the caudate nucleus and the internal capsule ; the other, 
the external striaie, ascends through the outer segment of the lenticular nucleus, 
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ajxd supplies the caudate nucleus and the thalamus. One artery of this group 
is of larger size than the rest, and is of special importance, as being the artery in 
the brain most frequently ruptured ; it has been termed by Charcot, the ‘ artery 

Fig. 585.— Mesial surface of cerebral hemisplierc, showing areas supplied 
by cerebral arteries. 



Anterior cerebral, blue ; middle cerebral, red ; posterior cerebral, .\eUo\v. 


of cerebral haemorrhage' It passes up ]»etwceu the lenticular nucleus and tli(' 
external capsule, and ultimately ends in the caudate nucleus. The infer it >r external 
frontal supplies the third or inferior frontal convolution (Broca’s convolution) and 


Fig. 580. — Upper surface of cerebral 
hemisphere, showing areas supplied by 
cerebral arteries. 




Fig. 587. — Under surface of cerel)ral 
hemisphere, showing areas supplied by 
cerebral arteries. 



the outer part of the orbital surface of the frontal lobe. The ascending frontal 
supplies the ascending frontal convolution. The ascending parietal is distributed to 
the ascending parietal and the lower part of the superior parietal convolutions. 
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The parietO’temporal supplies the supra-marginal and angular gyri, and the posterior 
parts of tlie superior and middle temporal convolutions. The temporal branches, 
two or three in number, are distributed to the outer surface of the temporal, lobe. 

10. The posterior communicating artery (a. communicans posterior) runs 
backwards from the internal carotid, and anastomoses with the posterior cerebral, 
a branch of the basilar. This artcr}’’ varies in size, feeing sometimes small, and 
occasionally so large that the posterior cerebral may be considered as arising 
from the internal carotid rather than from the basilar. It is frequently larger on 
one side than on the other. From the posterior half of this vessel are given off 
a number of small branches, the postero-median ganglionic branches, which, with 
similar vessels from the posterior cerebral, pierce the posterior perforated space 
and supply the internal surfaces of the thalami and the walls of the third 
ventricle. 

11. The anterior choroidal (a. chorioidea) is a small but constant branch, 
which arises from the internal carotid, near the posterior communicating artery. 
Passing backwards and outwards between the temporal lobe and the crus cerebri, 
it enters the descending horn of the lateral ventricle through the choroidal fissure 
and ends in the choroid plexus. It is distributed to the hippocampus major, 
fimbria, velum interpositum, and choroid plexus. 


THE APTE11IE8 OF THE BRAIN 

Investigations show that the mode of distribution of the vessels of the brain 
has an important bearing upon a considerable number of the pathologic al lesions 
which may occur in this part of the nervous system ; it is therefore important 

Fics. 588. — Diagram of the arterial circulation at the base of the l)rain. 

(After Charcot.) 



I. Autwo-nif'dian jn:oujj of ^Mnf,'Uofiic branches. II. Postcro-median ^'roup. Jll. Right and left antcro-lntcral L'l oup. 
IV. Right and loft postCTo-latcral group. Tile dotted line .shows the limit of the ganglionic circle. 

to consider a little more in detail the manner in which the cerebral vessels arc 
distributed. 

’ The cerebral arteries arc derived from tlie internal carotid and vertebral, 
'^whicli at the base of the brain form a remarkable anastomosis known as the circle 
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of Willis (circulus arteriosus). It is formed in front by the anterior cerebral arteries, 
branches of the internal carotid, which are connected together by the anterior 
communicating ; behind by the two posterior cerebral arteries, branches of the 
basilar, which are connected on either side with the internal carotid by the pos- 
terior communicating (figs. 582, 588). The parts of the brain included within this 
arterial circle are the lamina terminalis, the optic commissure, the infundibulum, 
the tuber cincreum, the corpora albicantia, and the posterior perforated space. 

The. three trunks which together supply each cerebral hemisphere arise from 
the circle of Willis. From its anterior part proceed the two anterior cerebrals ; 
from its a ntero -lateral parts the middle cerebrals, and from its posterior part the 
posterior cerebrals. Each of these principal arteries gives origin to two different 
systems of secondary vessels. One of these is named central ganglionic system, 
and the vessels belonging to it supply the central ganglia of the brain ; the other 
is the cortical system, and its vessels ramify in the pia mater and supply the cortex 
and subjacent brain substance. These two systems do not communicate at any 
point of their peripheral distribution, but arc entirely independent of each other, 

Fi(^. 589. — Distribution of the cortici 1 arteries. (After Charcot.) 



3. Mpiiiilliiry artoric'S. 1'. (rroiip of iriPciullury arteries iii Ihfi sulcus between two oonvoliitioiih. 1". Arteries 

situntcil fiiiioiif' the sliort assodatioji libres. 2, 2. CortiwiI arteries, a. rapillar 3 ^ network with fairly wide 
nieshes, situated beneath tlie pia mater, h. Network with more compact, polygonal nu'shes, situated in tin* 
cortex, c. 'rraiisitioiml network with wider meshes. </. Capillary network in the white matter. 

• 

and there is between the parts supplied by the two systems a Ixirdeiiarid of 
tliminishcd nutritive activity, where, it is said, softening is especially liable to occur 
in the brains of old people. 

The central ganglionic system. — All the vessels of this system arc given off 
from the circle of Willis, or from the vessels close to it ; so that if a circle be 
drawn parallel to and at a distance of about an inch from the circh^ of Willis, it 
will include the origins of all the arteries belonging to this system (fig. 588). These 
vessels form six principal groups : (i) the antero-median grou'p, derived from the 
anterior cerebrals and anterior cx>mmunicating ; ( tt ) the postero-7nedian grou'p, 
from the posterior cerebrals and posterior communicating ; (iii and iv) the right 
and left aniero-lateral groups, from the middle cerebrals ; and (v and vi) the right 
and left postero-laleral groups, from the posterior cerebrals, after they have wound 
round the crura cerebri. The vessels of this system are larger than those of the 
cortical system, and are what Cohnheim has designated ‘ terminal ’ arteries — that 
is to say, vessels which from their origin to their termination neither supply nor 
receive any anastomotic branch, so that, through any one of the vessels only a 
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limited area of the central ganglia can be injected, and the injection cannot be 
driven beyond the area of the part supplied by the particular vessel which is the 
subject of the experiment. 

The cortical arterial system. — The vessels forming this system arc the terminal ’ 
branches of the anterior, middle, and posterior cerebral arteries. These vessels 
divide and ramify in the substance of the pia mater, and give oii nutrient arteries 
which penetrate the brain cortex perpendicularly. The nutrient vessels are 
divisible into two classes, long and short. The long, or medullary arteries, pass 
through the grey matter and penetrate the subjacent white matter to the depth of 
about an inch and a half, without intercommunicating otherwise than by very 
fine capillaries, and thus constitute so many independent small systems. The 
short vessels are confined fo the cortex, where they form with the long vessels a 
compact network in the middle zone of tlie grey matter, the outoi and inner zones 
being sparingly supplied with blood (fig. 589). The vessels of the cortical arterial 
system are not so strictly ‘ terminal ’ as those of the central ganglionic system, 
but they approach this t}T)c very closely, so that injection of one area from the 
vessel of another area, though possible, is frequently very difficult, and is only 
effected through vessels of small calibre. As a result of this, obstruction of one 
of the main branches, or its divisions, may have the effect of producing softening 
in a limited area of the cortex. 


ARTERIES OF THE l^PPER EXTREMITY 

The artery vhich supplies the upper extremity continues as a single trunk 
from its commencement dowui to the elbow ; but different portions of it have 
I'ocoived different names, a(?cordi}ig to the regions through which they 
That part of the vessel uhich extends from its origin to the outer border of 
the first rib is termed the subclavian ; beyond tliis point to the lower border 
of the axilla, the artery is termed the axillary ; and from tlie lower margin 
of the axillary sy)a(^e to the bend of the elbow, it is termed brachial ; hero, the 
trunk ends by dividing into t \\'0 branches, the radial and ulnar. 

Subclavian Aktkkik.s (fig. 590) 

On the rigid side the subcla^an artery (a. subclavia) arises from the 
innominate artery ox^x^osite the right steriio-clavicular articuilatioii ; on the 
left side it springs from the arch of the aorta. The? two vessels, tlicrefore, in 
the first XJti'i't of their course, differ in length, direction, and relatioTi with 
iieigl)bouring structures. 

In order to facilitate the doserixition, more especially from a surgical x>oint 
of \ iew, each subclavian arterj' is divided into three parts. The first x)ortion, 
on the right side, passes upwards and outwards from the origin of the vessel 
to the inner border of the Scalenus anticus. On the left side it ascends nearly 
vertically, to gain the inner border of that muscle. The second x>art x^asses 
outwards, behind the Scalenus anticus ; and the third xiart extends from the 
outer margin of that muscle, beneath the clavicle, to the outer border of the 
fir’st rib, where it becomes the axillary artery. The first portions of the two 
vessels differ so much in their coui*se and relations with neighbouring parts, 
that they will be described separately. The second and third parts are 
4)ractiealiy alike on the two sides, 

Fiiist Part of the Right Subclavian Artery (figs. 572, 590) 

Th e first part of the right subclavian artery arises 
inno nuSS!Copp6site the upper part of the right sterno-clavicular articulation, 
J es ses upwards and outwards, to the inner niaj:gin pf,lb^.SG|denus an^^^^ 
muSfife. It ascends a li|itle above the clavicle, the extent to which it does so 
vaiying in different caseS7 

Bdations.— R is^covered, iiLfro^ by the supejJiicial Jascia, 

de^Yjascia" c nf the. St^M^onastoid, the Stpmn- 

muscles, and another layer of the deep fascia. It is 
grossed by the iijj£cnaL4ugular and ver tebral vein s, and by the p neumogastri c 
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nerve and the cardiac blanches of the pneuinogastric and sympathetic, -^loop 
of the sympatheticu.tr4mk also crosses the artery, forming a ring (awwwZtw 
around the vessel. The ant^orjugnlai vein passes outwards in front of the 
artery, but is separated ’ from it by the Sterno-hyoid and Sterno-thyroid muscles. 


Fig. 590. — Superficial dissection of the right side of the neck, 
showing the carotid and subclavian arteries. 



Bdpwjj^^b^iind the artery is the pleura, which separates it from the apex of the 
lung f behind is the gangliated cord of the sympathetic, the Longue colli muscle 
and the first thoracic vertebra. The right recurrent laryngeal nerve winds round 
the lower and back part of the vessel. 

First Part of the Left Si^bolavian Artery (fig. 572) 

The fi rst part^ottfef^J^eft subclavian artery arises from the arcli of the 
aftrta TiB&Tnifd"!^^ comrhbn carotid, and at the level of the fourth thorfwjic 
vertebra ; it ascends nearly vertically to tlie root of the neck and then arches 
outwards to the inner margin of the Scalenus anticus. 
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Eelationfl* — It is in relation, with the pne mno ga ^ tric, c q^ydift c, and 

ph^gaiiiLJMaaKes, which lie paralle^vittilt, the left common carotid artery, left 
internal jugular and verte bral vei na,^ and the comm encemen t of the left innominate 
vein, and ia, covered by the StciuQsthjia'tjid, Steim-hyoid, and Sternn-rnastoid 
muscles liigimd, it is in relation with the ooaophagus, thoraqifijdjyLCt, inferiorjsgjvical 
g^ixgljnn of and Lo ngus co lliTliigher up, however, the oesophagus 

and thoracic duct lie to its right side ; the latter ultmiately arching over the vessel 
to join the angle of union between the subclavian and internal jugular veins. To 
side are the oesQpJift|?us, tradiea, thoracic duct, and left recurre nt laryngeal 
nerve ; to its (MsaLside, the left ple ura and lung. 

Second and Third Parts of the Subclavian Artery (fig. 690) 

The second portion of the subclavian artery lies behind the Scalenus 
aaticus muscle ; it is very short, and forms the highest pari of the arch 
described by the vessel. 

Relations.— It is covered, itkj^anl, by the s kin, s uperficial fasci a, riatysnia. deep 
ceryijpahfli.scia, Siepmauafttoid , and On the right side of the body 

the phrenic .nerve is separated from the second part of the artery by the Scalenus 
anticus, while xm.xtha left side it crosses the first part of the artery inimediat(ily 
to the inner edge of the muscle. MeJkind, it is in relation with tlie pleura and the 
Scaleuua.mcdius. is l^he brachial plexus of nerves ; the pjeura. The 

subclaadaiL vein lies below and in front of the artery, separated from it by the 
Scalenus anticus. 

The third portion of the subclavian artery runs downwards and outwards 
from the outer maxgiii of tha», Scalenus anticus to the outer border of the 
first rib, wliere it becomes tlie axillary art(My. This is the most superficial 
portion of the vessel, and is contained in the subclavian triangle (see 
page 643). 

Relations. -It is covered in frmf, by the skin, thc^ superficial fascia, the 
Plajjyama, the desceAy|teig (davicular ftraiichcs of the cervical plexus, and the deep 
cervicaL fascia. The Cxtornar jugular vein crosses its inner pari and receives the 
suprascapular, transvcrsalis colli and anteriyjt^ugiilar veins, which frequently 
form a plexus in front of the artery. Behind the veins, the nerve to the Subclavius 
muscle descends in front of the artery. The outer part of the artery lies behind 
the clavicle and the Subclavius muscle and is crossed by the BuprascafuiLMs-vessels. 
The subclavian vein lies in front of and at a slightly lower level than the artery. 
Bisbkkd, it lies on the lowest trunk of the brachiah^jicxus, which intervenes between 
it and the Scalenus medins. -4io4?c,and to its oul&r side, are the upper trunks of 
the brachial plexus, and the ()mo-h35akL muscle. Belmv, it rests on the upper 
surface oF^he first rib, or on the cervical rib if one 1)0 present (page 210). 

Peculiarities . — The subclavian arteries vary in tlieir origin, their course, and the 
height to which they rise in the neck. 

The origin of the right subclavian from the innominate takes place, in some cases, 
above the sterno -clavicular articulation, and occasionally, ]>ut less frequently, below that 
joint. The artery may arise as a sej^arate trunk from the arch of the aorta, and in such 
cases it may be either the first, second, third, or even the last branc'h derived from that 
vessel ; in the majority however it is the first or last, rarely the second or third. When it 
is the first branch, it occupies the ordinary position of the innominate artery ; when the 
second or third, it gains its usual jjosition by passing l)ehirid the right carotid ; and w'hen 
the last branch, it arises from thc^ left extremity of the arch, and passes obliquely tow'ards 
the right side, usually behind the trachea, oesophagus, and right carotid, somotime.s 
between the oesophagus and trachea, to the upper border of the first rib, w^honce it follows 
its ordinary course. In very rare iiLstances, this vessel arises from the thoracic aorta, 
as low dow'n as the fourth thoracic vertebra. Occasionally, it perforates the Scalenus anticus ; 
more rarely it passes in front of that muscle. Sometimes the subclavian vein passes with 
the artery behind the Scalenus anticus. Tlie artery may ascend as high as an inch and a 
half above the clavicle, or any intermediate point between this and the upper border of 
the bone, the right subclavian usually ascending higher than the left. 

The loft subclavian is occasionally joined at its origin with the left carotid. 

Surface Marking . — The course of the subclavian artery in the neck may be mapped 
out by describing a curve with its convexity ux>wardB, at the basp of the posterior triangle. 
The inner end of this curve corresponds to the stemo-clavicular joint, the outer end to the 
» centre of the lower border of the clavicle. The curve is to be drawn with such an amount 
of convexity that its mid-point reacihes half an inch above the upper border of the clavicle. 
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The left subclavian artery is more deeply placed than the right in the first part of its 
(iourse, and, as a rule, does not reach quite as high a level in the neck. It should be borne 
in mind that the posterior border of the Sterno-mastoid muscle corresponds pretty closely 
to the outer border of the Scalenus anticus, so that the third portion of the artery, the 
part most accessible for operation, lies immediately external to the posterior border of the 
Slerno-mastoid. v i • 

Applied Ainatomy. — An aneurysm may form on any part of the subclavian artery, 
except the intrathoracic portion of the left vessel, which is said never to be the seat oi 
aneurysm. The most common site is, however, the third portion, especially on the right 
side, on account of the greater exposure to injury and the greater amount of use of the 
right upper extremity. In this situation it may cause pressure on the brachial plexus, 
producing pain and numbness in the arm and fingers, with loss of power or paraljsis of 
the muscles of these parts. Oedema of the arm may result from jiressure on the ®ob- 
claviaii vein. The external jugular vein may become distended and varicose. The 
treatment is unsatisfactory, since proximal ligature cannot be undertaken with much 
chance of success. If constitutional treatment and direct pressure on the aneurysmal sac 
fail, the best treatment is excision of the sac, if it bo small. In aneurysms of the fii^t 
portion of this artery there is cedema of the head and face, with lividity, congestion of ^e 
brain, and semi-consc^iousness from pressure on the internal jugular vein ; and spasmodic 
action of the Diaphragm from jiressurc on the phrimic nerve. The collateral circulation 
is so good that blocking of the subclavian artt^.ry by embolism or thrombosis often fails 
to give risti to any striking signs or symptoms, Iw^yond oficasional jiains in the neck and 
.shoulder and some degrecj of weakness and wasting in the museJes of the arm. 

Compression of the subclavian artery is required in cases of opc^rations about the shoulder,- 
in the axilla, or at the upper part of the arm ; and the student will observe that there is 
only one situation in which it can bo effectually applied, viz. where the artery passes 
across the ujipcr surface of the first rib. In order to comfiress the vessel in this situation, 
the shoulder should be depressed, and the surgeon grasping llie side of the neck should 
press with his thumb in the angle formed by the posterior border of the Slerno-mastoid 
with the upper border of the (davicle, downwards, backwards, and inw^ards against the 
rib ; if from any ('aus(^ the shouldtjr cannot be sufficiently depressed, pressure may be 
made from before backw^ards, so as to com])ress the artery against the Scalenus medius 
and transv(jrs(‘ iirocess of the seventh cervical vertebra. In appropriate cases, a 
pndiminary incision may bo made through the ctirvical fascia, and the finger may be 
press(ul dowm directly ujion the artery. 

• Liyature of the subclavian artery may be rciquirod in cases of w^ounds, or of aneurysm 
ill the axilla, or in cases of aneurysm on the cardiac side of the point of ligature ; and the 
third part of the artery is that which is most favourable for an operation, on account 
of its being comparatively superlicial, and most remote from the origin of tlie large branches. 
In those (lases wliere the clavicles is not displacjed, this operation may be performed with 
c'orapurative facility ; but W'hcn5 the? clavicle is pushed u]) by a largo aneurysmal tumour 
in the axilla, tin* artery lies at a great depth from the surface, and this materially 
increases the dillicuilty of the operation. Under these circumstances, it becomes a matter 
of importance to consider the height to w'hich this vessi^l reaches above the bone. In 
ordinary cases, its arch is about half an inch above the clavicle, ocjcasionally as high as 
an inch and a b.'ilf, and sometimes so low as to be on a k^vel with its upper border. If 
♦!^e clavicle be displaced, these variations will necessarily make the operation more or less 
difficult, according as the vessel is Icjss or more accuissibic. The vessel is also ligatured 
as a preliminary measure to the complete interscapulo -thoracic amputation of the upper 
extremity, in which ease the suprascapular and transverse cervical arteries may, if found, 
bo ligatured at the same time, making the ‘ fore-quarter ’ amputation an almost bloodless 
procedure. , 

The procedure in the operation of tying the third portion of the subclavian artery 
is as follows : 'J'ho patient being placed on a tabic in the supine position, with the head 
drawn over to the opposite side, and the shoulder depressed as much as possible, the 
inteigumont should be pulled do wm wards over the. clavicle, and an incision made through 
it, upon that bone, from the anterior border of the Tiapozius to the posterior border of 
the Sterno-mastoid. The object in drawing the skin downwards is to avoid any risk of 
wounding the external jugular vein, for as it perforates the deep fascia above the clavicle, 
it cannot be drawn downw^ards with the skin. The soft parts should now bo allowed to 
glide up, and the cervical fascia divided upon a director, and if the interval between the 
Trapezius and Sterno-mastoid muscles be insufficient for the performance of the opera- 
tion, a portion of one or both may be divided. The external jugular vein will now be 
seen tow^ards the inner side of the w^ound ; this and the suprascapular and transverse 
cervical veins w^hicli terminate in it should be held aside. If the external jugular vein be 
at all in the way and exposed to injury, it should be tied in two places and divided. The 
suprascapular artery should be avoided, and the Omo-hyoid muscle held aside if necessary. 
In the space beneath this muscle, careful search must be made for the vessel a deep 
layer of fascia and some connective tissue having been divided carefully, the outer mar^n 
of the Scalenus anticus muscle must be felt for, and the ffnger being guided by it to the 

TJ U 
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first rib, the pulsation of the subclavian artery will be felt as it passes over the rib. The 
sheath of the vessels having been opened, the aneurysm needle may then be passed around 
the artery from above downwards and inwards so as to avoid including any of the branches 
of the brachial plexus. If the clavicle be so raised by the tumour that the application of 
the ligature cannot be effected in this situation, the artery may be tied above the first rib, 
or even l)ehind the Scalenus anticus muscle ; the difficulties of the operation in such a 
case will be materially increased, on account of the greater depth of the artery, and the 
alteration in position of the surrounding parts. 

The second part of the subclavian artery, from btjing that portion which rises highest 
in the neck, has been considered favourable for the application of the ligature when it is 
difficult to tie the artery in the third part of its course. There arc, however, many 
objections to the operation in this situation. It is necessary to divide the Scalenus 
anticus muscle, upon which lies the phrenic nerve, and at the inner side of which is 
situated the internal jugular vein ; and a wound of either of these structures might lead 
to the most dangerous consequences. Again, the artery is in contact, below, with the 
pleura, which must also be avoided ; and, lastly, the proximity of so many of its large 
branches arising internal to this point must be a still further objection to the operation. 
In cases, however, whore the sac of an axillary aneurysm encroaches on the neck, it 
may be necessary to divide the outer half or tw'o^thirds of the 8(;alcnus anticus muscle, 
so as to place the ligature on the vessel at a greater distance from the sac. The 
operation is performt'd exactly in the same way as ligature of the third portion, 
until the Scalenus anticus is exposed, wlicn it is to Im‘ divided on a director (never to a 
greater extent than its outer two-thircLs), and it imrru'diaiely retracts. The operation 
is therefore merely an extension of the operation for ligature of the third jiortion of the 
vessel. 

In those cases of aneurysm of the axillary or subclavian artery wliich encroach uj)on 
the outer portion of the Scalenus anticus to such an extent that a ligature cannot be a])plied 
in that situation, it may be deemed advisable*, as a last resource, to tic the lirst f>orlion of 
the suhelavian artery. On the left side, this operation is almost impracticable ; tlu^ great 
depth of the artery from the surface, its intimates relation with the pleura, and its close 
j)roximity to the thoracic duct and to so many important veins and nerves, present a series 
of difficulties w’hich it is next 1o imi>os.sible to overcome.* On the right side, tlu' opera- 
tion is jiraelicahle, and has h<it*n performed on several occasions. The main ohjeclion to 
thci operation in this situation is the smallness of th<* interval wliicli usually exists hi‘tween 
the eommeneemtuit of the vessel and the origin of the nearest branch. The oj)craU()n may 
be performed in the following manner : Tlu* patient being plao(‘d on the tahlii in the supine 
position, w’ith the necjk extended, an incision should made along the upper hord(ir of 
the inner part of the (davicle, and a second along the inner hordiT of the Sterno-iuastoid, 
meeting the former at an angle. The attachments of both heads of the Sterno- mastoid 
must he divided on a direcd-or, and turned outwards ; a few small arteries and veins, and 
oeeasionally the anterior jugular, must he avoided, or, if necessary, ligatured in tw'o jilaces 
and divided, and the Sterno-hyoid and Stcrno-tliyroid muschjs divided in the same manner 
as the preceding muscle. xVfter tearing through tlu» deej) fascia with the finger-nail, the 
internal jugular vein will be seen crossing the subclavian artery ; this should l)e jnessed 
aside, and the artery secured by pa.ssing the needle from beh>w' u])W'ards, by wliich the 
])leiira is mon* effectually avoided. Tlu? exact position of the vagus, the roeuiTcnt laryn- 
geal, the phrenic and sympathetic? nervejs should he homo in mind, and the ligature should 
be applied near the origin of the vertebral, in order to alYord as miieli room as possible for 
the formation of a coagulurn between the ligature and the origin of the vessel, ft should 
})e remeinbc*rc(J that the right subclavian artery is occfisionally deojily placed in the first 
part of its course, wlum it a.rises from the left side of the aortic arch, and passes in such 
case.s behind the oesophagus, or lM*twcen it and the trachea. 

Coll^Upral CircnltUion . — After ligature of the third part of the siiheJavian artery, the 
collateral circulation is established mainly by tlm^e sets of vessels, thus deserihod in a 
dissection : 

‘ I. A posterior set, consisting of the suprascapular and posterior scapular branches of 
the subclavian, anastomosing with the suhscapular from the axillary. 

‘ 2. An internal set, produced by the connection of the internal mammary on the one 
hand, v\ith tlu* suptjrior and long thoracic arteries, and the branches from the subscapular 
on the other. 

‘ 3. A middle or axillary set, consisting of a numlx?r of small vessels derived from 
branches of the suhc?lavian, above, and, passing through the axilla, Ujrminated either 
in the main trunk, or some of the branches of the axillary below. This last set presented 
most consj)icuoijsly the j>eculiar character of newly formed or, rather, dilated arteries, 
being excessively tortuous, and forming a complete plexus. 

‘ The chief agent in the restoration of the axillary artery below the tumour w'as the 
subscapular artery, whi(?li communicated most freely with the internal mammary, supra- 


* The operation has, however, been performed by J. K. Rodgers, by Halsted, and by 
Schumpert 
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scapular, and posterior scapular branches of the subclavian, from all of which it received 
so great an influx of blood as to dilate it to three times its natural size.’ ♦ 

When a ligature is applied to the first part of the subclavian artery, the coliateral 
circulation is carried on by : 1 , the anastomosis between the superior and inferior thyroid ; 
2, the anastomosis of the two vcrtobrals ; 3, the anastomosis of the internal mammary 
with the deep epigastric and the aortic iiitorcostals ; 4, the superior intercostal anasto- 
mosing with the aortic intercostals ; 5, the profunda corvicis anastomosing with the 
princeps cervicis ; 6, the scapular branches of the thyroid axis anastomosing with tho 
branches of the axillary ; and 7, the thoracic branches of tho axillary anastomosing with 
the aortic intercostals. 

Branches. — The branches given off from tho subclavian artery are : 

Vertebral. Internal mammary. 

Thyroid axis. Superior intercostal. 

On the left side all foui* branches generally arise from the first portion of 
the vessel; but on the right side (fig. 591) the say)erior intercostal usually 
springs from the second portion of tJio vessel. On both sides of the body, 
the first three brarKjhes arise close togethtr at the inner margin of the Scalenus 
anticus ; in tlie majority of cases, a free interval of fion) half an inch to an 
incJi exists b(‘t wcum the commencement o: tlie artery and the origin of the 
nearest bnincli. 

1. The vertebral artery (a. vertebralis) is the first branch of the subclavian, 
and arises from the U])])('r and back part of the first portion of th(^ vessel. It is 
surrounded by a pl(‘xus of nerve fibres d(‘-i‘iv(‘d Irom the inferior cervical 
ganglion of the syinpatludic trunk, and iiscends tluough the foramina in the 
transverse ])rocesses of tlui ui)p<‘r six cervical v(u*t(‘bra) ; | it t lien winds behind 
th(^ sujMuior articular procu'ss of the 

atlas and, entering the skull througli Fkj. >91.— I’laii of the branebes of the 
the foramen magnum, unites, at the subclavian artery, 

lower border of the pons Varolii, with 
the vess(‘l of the opposite side tf) form 
t he basilar artery. 

Relations. — The v(wt('hriil artery may 
h(^ divided into four parts. 'part 

runs ujiwards and backwards between 
the Loiigus coili and the tScaleiius auticus. 

Ill front of it are the internal jugular 
and vertebral veins, and it is croaaed by 
the interior thyroid artery ; the left 
vertebral is ej-ossed by the thoracic duct 
also. Jiehiiul it are the transverse 
jirocess of the seventh cervical vertebra 
and the sympathetic, cord. Tkc—sficom/ 
pari rims upwards through the foramina ^ 

ill. the transverse processes of the. upper 

six cervical vertebra), and is surrounded hv a plexus of veins which unite to 
form the vertebral veiti at the lower part of the neck. It is situated in front, of 
the trunks of the cervical nerves, and pursues an almost vertical course as far 
as the transverse process of the atlas, above which it runs upwards and outwards 
to the foramen in the transverse process of the atlas. The_/Air(Z pari issues 
from the latter foramen on the inner side of the Rectus^ lateralis muscle, and 
inclines backwards and iuw’^ards behind the superior articular process of the 
atlas ; it lies in the groove on the upper surface of the posterior arch of the 
atlas, and enters the spinal canal by passing beneath the posterior occipito- 
atlantal ligament. This part of the artery is covered by the Complexus 
muscle and contained in the suhoccipital triangle — a triangular space hounded 
by the Rectus capitis posticus major and the Superior and Inferior oblique 
muscles. The suhoccipital nerve lies between the artery and tho posterior arch 

* (hiy'» Hospital litportSf vol. i. 1836. Case of axillary aneurysm, in which Aston Kny had 
tied the subclavian artery on the outer edge of the Scak'nus anticus, twelve yeiirs previously. 

t The vertebral artery sometimes enters the foramen in the transverse process of the fifth 
vertebra. Smyth, who tied this artery in the living subject, found it, in one of his dissections, 
passing into the foramen in the seventh vertebra. 

u u 2 
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of the atlas. The fourth 'part pierces the dura mater and inclines inwards to the 
front of the medulla oblongata ; it is placed between the hypoglossal nerve and 
the anterior root of the suboccipital nerve and beneath the Wt digitation of the 
ligamentum dcnticulatum. At the lower border of the pons Varolii it unites with 
the vessel of the opposite side to form the basilar artery. 

Tlic branches of the vertebral artery may be divided into two sets -those 
given off in the neck, and those within the cranium. 

Cervical Branches. Cranial Branches. 

Spinal. Posterior meningeal. 

Muscular. Anterior spinal. 

Posterior spinal. 

Posterior inferior cerebellar. 

Bulbar. ‘ 

Spinal branches (rami spinales) enter the spinal canal through the inter- 
vertebral foramina, and each divides into two branches. Of these, one passes 
along th(^ roots of the nerves to supply the spinal cord and its membranes, 
anastomosing with the other arteries of the 8])inal cord ; the other divides into an 
asc(*nding and a descending branch, which unite with similar branches from the 
arteries above and below, so that two lateral anastomotic chains arc formed on the 
posterior surfaces of the bodies of the vei*tebra% near the attachment of the })edicles. 
From these anastomotic cliains branclnvs are supjilied to tlie periosteum and the 
bodies of the vert(*bras and others form communications with similar branches 
from the opposite side ; from these communications small twigs arise which join 
similar branches a})ove and below, to form a central anastomotic chain on the 
posterior surface of the bodies of the vertebra'. 

Muscular branches are given off to the deep muscles of the neck, where th(< 
vertebral artery curves round the articular ]>rocesH of the atlas. They anastomose 
with the occipital, and with tin* ascending and de(*p cervical artfuies. 

The posterior meningeal (ramus nKuiingeus) springs from thc‘ vertebral opposite 
the foramen magnum, ramifies between the bone and dura mater in the cerebellar 
fossa, and suppliers the falx c(*r(‘beIJi. It is frequently represented by one or 
two small branches. 

The anterior spinal (a. s])inalis anterior) is a small branch, wdiich arises near 
the termination of the vertebral, and, descending in front of the nu'dulla oblongata, 
unites with its fellow^ of the opposite side at the level of the foramen magnum. 
One of these vessels is usually larger tluiu the other, but occasionally tlicy an*, 
about ecjual in size. Tlie single trunk, thus formed, descends on the front of 
the spinal cord, and is reinforced l)v a succession of small branches winch 
enter the s])iiial canal tlirougli the intervertebral foramina ; these branches arc 
derived from tlui vertebral and ascending cervical of the inferior tliyroid in the 
neck: from the intercost als in the thorax; and from the lumbar, ilio-lumbar, 
and lateral sacral artcricis in the abdomen and pelvis. They unite, })y means of 
ascending and descending brandies, to form a single anterior median artery, 
wdiidi extends as far as tin* lower ])art of the spinal cord, and is continued as a 
slender twig on the filum termiuale. This vessel is placed in the pia mater along 
till* anterior median fissure ; it supplies that membrane, and the substance of the 
cord, and sends off branches at its low-er jiart to be distributed to the can da equina. 

The posterior spinal (a. spinalis posterior) arises from the vertebral, at tlie 
side of the medulla oblongata ; passing liackwards to the posterior aspect of the 
spinal cord, it descends on the spinal cord, lying in front of the posterior roots 
of the spinal nerves, and is nunforced by a succession of small branches, wrhicli 
enter the s])inal canal through the intervertebral foramina ; by means of these it is 
continued to tlu^ lower part of the cord, and to the cauda equina. Branches 
from the posti'iior spinal iirteries form a free anastomosis round the posterior roots 
of the spinal m rvs, and communicate, by means of very tortuous transverse 
branches, with the vessels of the opposite side. Close to its origin each gives 
off an ascending branch, wliicli terminates at the side of the fourth ventricle. 

Applied A Bleeding into the spinal membranes or into the substance of the 
spinal cord itself is not common, but may occur from injuries received at birth when labour^ 
is unduly prolonged or instruments are used. It is also met with in chronic insanity, and 
in tetanus or strychnine poisoning. 
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The posterior inferior cerebellar (a. cerebelli inferior posterior) 582), the 
largest branch of the vertebral, winds backwards round the upper part of the 
medulla oblongata, passing between the origins of the pneumogastric and spinal 
accessory nerves, over the restiform body to the under surface of the cerebellum, 
where it divides into two branches. The internal branch is continued backwards 
to the notch between the two hemispheres of the cerebellum ; while the external 
supplies tlie under surface of the c(irebcllum, as far as its outer border, where 
it anastomoses with the anterior inferior cerebellar and the superior cor(d)ellar 
brajicbes of the basilar artery. Branches from this artery supply the choroid 
plexus of the fourth ventricle. 

The bulbar arteries are several minute vessels which spring from tin*, vertebral 
and its hrancluis and are distributed to the medulla oblongata. 

The basilar artery (a. basilaris) (fig. 582), so Jiamed from its position at the 
base; of the skull, is a single trunk formed by the junction of the two vertebral 
arteries ; it extends from the posterior to the anterior borden* of the pons A'arolii, 
lying in its median groove, under cover of the arachnoid. It ends by dividing 
into the two posterior cerebral arterie^i. 

Its branclies, on cither side, arc tin* fol owiug : 

Transverse. Aiit^^rior inferior corebellar. 

Auditory. Superior cerebellar. 

Posterior cerebral. 

'riie transverse branches (rami ad pontem) are a number of small vessels which 
come off at right angles on either side of the basilar artery and sup])ly tin*, })ons 
Varolii and adjacent }»arts of the brain. 

1lie auditory (a. auditiva int(*rna), a long slender branch, arises from near the 
middle of the artery; it accompanies the corresponding auditory nerve, into the 
intcirnal auditory meatus, and is distributed to the internal ear. 

The anterior inferior cerebellar (a. cendx*!!! inferior anterior) passes back- 
wards, to be distributed to the anterior part of the und(*,r surface of the cerebellum, 
anastomosing with the posterior inferior cerebellar branch of the, vertebral. 

'riie superior cerebellar (a. cerebelli superior) arises near the t(*rmi!jatioji 
of the basilar. It passes outwards, immediately behind the third nerve, which 
separat(^s it from the })ost(*,rior cerebral art(*ry, winds round the crus cerebri, close 
to the fourth nerve, and, arriving at the u})pcr surface*, of the cerebellum, divides 
into br;inch(*,s which ramify in tlie pia mater and anastomose with the branclies 
of the inferior cerebellar arter}^ Several branch(*,s are given to the pineal gland, 
the valve of Vieussens, and the velum hit erjmsi turn. 

The posterior cerebral (a. cerebri posterior) is larger than the preceding, from 
which it is s(*, para ted near its origin by the third nerve. Passing outwards, 
Parallel to the superior cerebellar artery, and receiving the posterior communi- 
cating fiom the internal carotid, it winds round the crus cerebri, and reaches the 
under surface of the occipital lobe of the cerebrum, where it breaks up into 
branches for the supply of the temporal and occupital lobes. 

The branches of the posterior cerebral artery are divided into two sets, 
ganglionic and coa-tic^al : 

( Post ero-med ian. i Anterior temporal. 

Ganglionic , Posterior choroidal. f . i ■ Posterior temporal. 

( Postoro-latcral. j Calcarine. 

' Parieto-occipital. 

Ganglionic, — The postero-median ganglionic hranrhe^ (fig. 582) arc a group of 
small arteries which arise, at the commencement of the posterior cerebral artery : 
these, with similar branches from the posterior communicating, pierce the posterior 
perforated space, and supply the internal surfaces of the thalami and the walls of 
the third ventricle. The posterior choroidal branches enter the interior of the brain 
beneath the splenium of the corpus callosum, and supply the velum interpositum 
and the choroid plexus. The postero-laleral ganglions branches are small arteries 
which arise from the posterior cerebral artery after it has turned round the crus 
"cerebri ; they supply a considerable portion of the thalamus. 

Cortical. — The cortical branches are : the anterior temporal, distributed to the 
anterior parts of the uncinate and occipito-temporal gyri ; the posterior temporal^ 
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td the occipito-temporal and the third temporal convolutions ; the calcarine to the 
cuneate and lingual lobules and the back part of the outer surface of the occipital 
lobe ; and the j)arieto-occipital to the cuneus and the quadrate lobe. 

2. The thyroid axis (truncus thyreocervicalis) (fig. 590) is a short thick 
trunk, which arises from the front of the first portion of the subclavian artery, 
close to the inner border of the Scalenus anticus, and divides almost imme- 
diately into three branches, the inferior thyroid, suprascapular, and transverse 
cervical. 

The inferior thyroid artery (a. thyreoidea inferior) passes U 2 >wards, in front 
of the vertebral artery and Longus colli muscle ; then turns inwards behind the 
carotid sheath and its contents, and also behind the symi)athetic cord, the middle 
cervical ganglion resting upon the vessel. Jteacdiing the lower border of the; lateral 
lobe of the thyroid gland it divides into two branches, wdiich supply the 2 )c)stero- 
iriferior parts of the gland, and anastomose with the superior thyroid, and with 
the ' corresponding artery of the opjiosite side. The recurrent laryngeal nerve 
passes upwards gcji orally ])eliind, but occasionally in front of, the artery. 

The branches of the inferior lliyroid are : 

Inferior laryngeal. (Esophageal. 

^J'raclieal. . Ascending cervical- 

Muscular. 


The inferior laryngeal branch (a. laryngea inferior) ascends upon the trachea to the 
back pari of the larynx under cover of the Inferior constrictor, in company with tlie 
recurrent laryngeal nerve, and supplies the muscles and mucous membrane of this part, 
anastomosing with the branch from the opposite side, and with the laryngeal branch 
from the superior thyroid artery. 

The tracheal branches (rami trachealcs) are distributed u])on the trachea, anastomosing 
below with the bronchial arteries. 

I'he oesophageal branches (rami cpsof)hagei) supply tlu^ 0‘soph{igus, and anastomose 
with the oesophageal branches of the aorta. 

The ascending cervical (a. eervicalis aseendens) is a small brancJi w'hi(?h tarises from the 
inferior thyroid, just where that vessel is jaissing behind tlicj carotid sheath, and runs up 
on the anterior liiborclos of the transverse juoci^sses of th(^ (jervical vertebra* in the interval 
between the Scalenus antiems and RtK*tiis cajutis anticus major. Jt gives to the muscles 
of the neck branches wiiicli aiiastomor»o with branches of tlie vertebral, and it sends one 
or two twigs (rami sjiinah’s) into the spinal canal through the intervertebral foramina 
to bo distributed to the spinal cord and its membranes, and to the bfxlics of the vcii(*bnv, 
in the same manner as the lateral spinal branches from the vert^ebral. It anastoinost*s 
with the ascending i)haryngoal and occi])ital arteries. 

nie muscular branches supply the depressor.s of the hyoid bone, tlie Longus colli, 
the Scalenus anticus, and the Inferior constrictor of the pharynx. 

The suprascapular artery (a. traiisv ersa scapulso) (fig. 592) passes at first down- 
wards and outwards across the ScalSTus anticus and idireiiic nerve, being cov<*.red 
by the Sterno-mastoid ; it then crosses the subclavian artery and the cords of the 
brachial plexus, and runs outw^ards, behind and parallel wdth the clavicle and 
Rubclavius, and beneath the j) 08 t»erior belly of the Omo-hyoid, to the superior border 
of the scapula ; it passes over the transverse ligament of the scapula, which 
separates it from the suprascapular nerve, and enters the supraspinous fossa. 
In this situation it lies close to Die bone, and ramifies between it and the Supra- 
spinatus, to wliicli it supplies branches. It then descends behind the neck of the 
scapula, through the great scapular notch, to reach the infraspinous fossa, wdioro 
it anastomoses wdth the dorsalis scapula) and posterior scapular arteries. 
Besides distributing branches to the Sterno-mastoid, Subclavius, and neighbouring 
muscles, it gives ofi a suprasternal branch, which crosses over the sternal end of the 
clavicle to tin* skin of the upjier part of the chest j 'and a supra-acromial hra^ich, 
which pierces the Trapezius and supplies the skin over the acromion, anasto- 
mosing wdth the acroinio-thoracic artery. As the artery passes over the transverse 
ligament of the scapula, a branch of it descends into the subscapular fossa, ramifies 
beneath the »Subscapularis, and anastomoses with the posterior and subscapular 
arteries. It also sends articular branches to the acromio-clavicular and shoulder 
joints, and a nutrient artery to the clavicle. 

The transverse cervical artery (a. transversa colli), larger than the supra- 
scapular, passes transversely outwards, across the upper part of the subclavian 
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tnangle, to the anterior margin of the Trapezius muscle, beneath which it divides 
mto two branches, the superficial cervical and the posterior scapular. ' It crosses in 
front of the phrenic nerve 

and bcaleni muscles, and in Fig. 592. — ^The scapular and circumflesc arteries, 

front of or between the divi- 
sions of the brachial plexus, 
and is covered by the 
Platysma, Stern o- mastoid, 

Onio-hyoid, and Trapezius 
muscles. 

The superficial cervical 

(ramus ascendens) ascends 
beneath the anterior margin 
of the Trapezius, distri- 
buting branches to it, and 
to the neiglibouring muscles 
and glands in the neck* and 
anastomoses with the super- 
ficial branch of the arteria 
princeps cervicis. .*< 

The posterior scapular 
(ramus descend ens) (fig. 

592) pas.s(is beneath the 
Levator anguli scapuhe to 
the superior angle of the 
scapula, and tiuui descends 
along the postiMhjr border 
of that bone as far as the* 

inferior angle. It is covered by the Khomboid muscles, supplying tlnuii and the 
Latissimus dorsi and Trapezius, and anastomosing with th(‘ suprascapular and sub- 
8ca])ular arteries, and with the posterior branches of some of the intercostal arterites. 

PeniHarUies . — The superficial cervical frequently arises as a separate branch from the 
thyroid axis ; and tlu? j)ostorior scaipuiar, from the third, more rarely from the se^cond, 
part of (Jkj Hubelaviati. 

3. internal mammary (a. nnunnuiria interna) (fig. 593) arises from 
tin* under surface of tin? first portion of the subclavian artery, opposite the 
thyroid axis. It descends behind the cartilages of the uj)per six ribs at a 
distanc(‘ of about half an inch from the margin of the sternuiu, and at the 
level of the sixth intercostal space divides into the rnuscido-phrenic and 
superior cpiyastric arterites. 

Eelations.— It. is directed at first downwards, forwards, and inwards behind 
the inner end of the clavi(de, the subclavian and internal jugular veins, and 
the first costal cartilage. As it enters the thorax it is crossed from without 
inwards by the phrenic nerve, and passes forwards close to the outer side of the 
innominate vein, llelow the first costal cartilage it descends almost vertically 
to its point of bifurcation. It is covered in front by the Pectoralis major and the 
cartilages of the upper six ribs with tlieir intervening iiitercostal muscles, and is 
crossed by the terminal portions of the upper six intercostal nerves. Behind, it 
rests oil the pleura, as far as the third costal cartilage ; below this level, upon the 
Triangularis sterni muscle. It is accompanied by a pair of veins : these unite 
above to form a single vessel, which passes to the inner side of the artery and ends 
in the corresponding innominate vein. 

The branches ()f internal mammary are : 


phruimiii « 

Mediastinal. 

Pericardial. 

Sternal. 


Anterior mtercostal. 
Perforating. 

Muscu lo-phre nic . 
Superior epigastric. 


The comes nervi phrenic! (a. pericardiacophrenica) is a long slender branch, which 
aoooznpanies the phrenic nerve, between the pleura and pericardium, to the Diaphragm, 
to which it is distributed ; it anastomoses with the other phrenic arteries from the internal 
mammary and abdominal aorta. 
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The mediastinal brsnoliei (aa. mediastinales anteriores) are small vessels, distributed 
to the areolar tissue and lymphatic glands in the anterior mediastinum, and to the remains 
of the thymus gland. 


Fig. 593. — Tho internal mammary artery and its branches, 
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The pericardial branches sui)}Jy the ijppc?r part of the anterior surface of the iwri- 
cardium, the lower part receiving/ branches from the musculo-phrenic artery. 

The sternal branches (rami females) are distributed to tho Triangularis sturni, and 
to tho posterior surface of the sternum. 






The mediastinal, pericardial, and sternal branches, together with some twigs from 
the comes nervi phrenici, anastomose with branches from Sie intercostal and bronchial 
arteries, and form a minute plexus beneath the pleura, which has been named by Turner 
the svhpleural medidstinal plexus. 

The anterior intercostal branches (rami intercostales) supply the upper five or six 
intercostal spaces. Two in number in each space, those small vessels pass outwards, one 
lying near the lower margin of the rib above, and the other near the ujiper margin of the 
rib below, and anastomose with the intercostal arteries from the aorta. They are at first 
situated between the pleura and the Internal intercostal muscles, and then between the 
Internal and External intercostal muscles. They supply the Intercostal muscles and, 
by branches which perforate the External intercostal muscle, the Pectoral muscles and the 
mammary gland. 

The perforating branches (rami perforantes) correspond to the five or six upper inter- 
costal spaces. They pass forw’ards through the intercostal spaces, and, curving outwards, 
su])ply tlie Pectoralis major and the integument. Tliosc w^bieh correspond to the second, 
third, and fourlli spaces are distributed to the mammary gland, and during lactation 
are of large size. 

The musculo-phrenio (a. niusculophr(‘nica) is directed obliquely downw'ards 
and outwards, behind the cartilages of the false ribs, perforates the Diaphragm 
at the eighth or ninth costal cartilage, and terminates, considerably reduced in 
size, opposite the last intercostal spacer It gives off anterior intercostal arteries 
to the s(‘ventb, eighth, and ninth intercostal spaces ; these diminish in size as the 
spaces decrease in length, and are distributed in a manner precisely similar to the 
anterior int(‘rcostals from the internal ?nammarv. The musciilo-phrenic also gives 
branelnvs to the lower part of the pericardium, and others w'hich run backwards to 
tlie Diaphragm, and downwards to the alKlo'minal muscles. 

The superior epigastric (a. epigastriea superior) continues in the original 
direction of the internal mammary ; it descends through tlie cellular iiitc^rval 
between the costal and st(*rnal attachments of the Diaphragm, and enters the 
sheath of the Rectus alxlominis muscle, at first lying behind th(‘. muscle, and then 
])(*rforating and supjdying it, ajid anastomosing with the deep epigastric artery 
frojn the external iliac. Some v(‘ssels perforates t lie anterior wall of the sheath of thes 
Rectus, and supply iho muscles of the* abelomen anel the integume*nt, and a small 
brane*h, whicli passess inwards upeiii the side* of the ensiform appendix, anastomoses 
in frenit eif that cartilage with the artery of the eipposite sides. It also gives some 
twigs to the Diaphragm, while from the arte‘rv of tins right side small branches 
e'xtend iritei tlie falciform ligament efi the liver and anastomose with the hepatic 
artery. 


Applied ATiatimiif . — The eoursts of the internal mammary artery may bo defined by 
a line drawn half an inch outside and parallel with the sternal margin. The vesst‘1 is 
liable to he wounded in stabs of the clicst-wall and in the operation of paracentesis 
Iierittardii (page 000). It is most easily reached by a transverse incision in the second 
inten^ostal space. 


4. The superior intercostal (truncus costoeerviealis) (fig. 580) arises 
from the upjier and back part of the subclavian artesry, behind the Scalenus 
anticus on tbes right side, and internal to that muscle on the left side. 
Passing backwards, it gives off the 'profunda cervicisy and then descends behind 
the pleura in front of the n(*e.ks of the first and second ribs, and anastomoses 
with the first aortic intercostal. As it crosses the neck of the first rib it lies 
to the inner side of the anterior division of the first Ihoracie nerve, and to the 
outer side of tlie first thoracic ganglion of the sympathetic. 

In the first intercostal space, it gives off a branch wdiich is distributed in a 
manner similar to the distribution of the aortic intercostals. The branch for the 
second intercostal space usually joins wdtli one from the highest aortic intercostal. 
This branch is not constant, but is more commonly found on the right side ; when 
absent, its place is supplied by an intercostal branch from the aorta. Each inter- 
costal gives off a branch to the posterior spinal muscles, and a small one w'hich 
passes through the corresponding intervertebral foramen to the spinal cord and its 
membranes. 

The profunda cervicis (a. cervicalis profunda) arises, in most cases, from the 
superior intercostal, and is analogous to the posterior branch of an aortic inter- 
costal artery : occasionally it is a separate branch from the subclavian artery. 
Passing backwards, above the eighth cervical nerve and between the transverse 
process of the seventh ^cervical vertebra and the neck of the first rib, it runs up 
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the back of the neck, between the Complexiis and Semispinalis colli, as high as 
the axis, supplying these and adjacent muscles, and anastomosing with the deep 
branch of the arteria princeps cervicis of the occipital, and with branches which 
pass outwards from the vertebral. It gives off a special branch which enters 
the spinal canal through the intervertebral foramen between the seventh cervical 
and first thoracic vertebrae. 

The Axilla 

The axilla is a pyramidal space, situated between the upper lateral part 
of the chest and the inner side of the arm. 

Boundaries. — Its a^vx, wliich is directed upwards towards the root of 
the neck, coTTcsponds to the interval between the first rib, the upper bordcir 
of the scapula, and ih(^ eJaviehs and through it the axillary vessels and nerves 
pass. The base, dir(‘(^ted downn ards, is formed by the integument and a thick 
layer of fascia, llu; axillary fascia, extending between the lower border of the 
Pectoralis major in front, and the lower border of the Latissirnus dorsi behind ; 
it is broad intcjrnally, Jit chest, but narrow and pointed externally, at the 
arm. The anterior wall is formed by the Pe(doralis major and minor muscles, 
the former covering the wlioh' of the anterior wall, the latter only its central 
])jirl. The space between the inner border of the Pec^toralis minor and the 
clavicle is occupied by tlie costo-c'oracoid membrane. The posterior wall, 
which extends somewhat lower than the anterior, is formed by the 8iib- 
scapuLaris above, the Tores major and Latissirnus dorsi below. On the hincr 
side are tlie first four ribs with tlieir corresponding Intercostal muscles, and 
part of the Serratus niagnus. On the outer side, where the anterior and 
posterior wails converge, the s])acc is narrow^ and bounded by the humerus, 
tlie Coraco-brachialis, and the iliceps. 

Contents. — It contains tin*, axillary vessels, and the brachial plexus of 
nerves, with tlicir brandies, some branches of the intercostal nci-v(‘s, and a 
large number of lymphatic glands, togj^tiicr with a. (juantily of fat and loos(‘ 
areolar tissue. 'tlic axillary artery and vein, Milli the brachial pl(‘xus of 
nerves, ext(*nd obliquely along the outer boundary of the axilla, from its apex 
to its base, and are placed miicli nearer lo the anterior than to the posterior 
wall, tJi(! v(‘in lying to th(‘ inner or tlioracie sidti of tlie artery and partially 
concealing it. At the fore part of the axilla, in c;oiitacl with the Pc'ctoral 
muscles, are the tlioracic branches of the axillary artery, and along the lower 
margin of the Pectoralis minor thc! loi^g thoracic; artery extends t-o the sidc^ 
of the chest. At the hack part, in contact with the lower margin of the Sub- 
scapularis, arc the subsca])ular v<‘ssels and nerves ; winding around the outer 
border of this muscle are the dorsalis scajnila) vessels; and, close to the ncsc.k 
of tlie liumerus, the posterior circumflex vessels and the circumflex nerve curve 
backwards to tlie shoulder. 

Along the inner or thoracic side no vessel of any importance exists, the 
iqiper part of the space lieing crossed merely h}'^ a few small branches from 
the superior thoracic artery. There are some important nerves, however, 
in this situation, viz. the posterior thoracic or external respiratory nerve, 
descending on the surface of the Serratus magnus, to whiclf it is distributed ; 
and the intercosto-humcjral nerve or nerve^s, perforating the upper and anterior 
part of this wall, and passing across the axilla to the inner side of the arm. 

The position and aiTangoment of the lympliatic glands are described on 
a subsequent page. 

Applied Anatomy . — The axilla is a space of considerable surgical importjuice. It 
transmits the large vessels and nerves to the upper extremity, and tlicsc may be the seat 
of injury or diseascj : it contains numerous lymphatic glands which may require removal ; 
in it is a quantity ef loose connective and adipose tissue which may bo readily inliltrated 
with blood or iuliauimatory exudation ; and it maybe the seat of rapidly growing tumours. 
MoTfiover, it is cowreil at its base by thin skin, which is largely supplied with sebaceous 
and sw^eat glands, and is frequently the seat of small cutaneous abscesses and boils. 

Penetrating womids in the axilla are sometimes accompanied by extensive haimor- 
rhage, either from wound of the main vessels, or of one of the largo branches of the axillary 
artery, c.g. the long thoracic oi* the subscapuiar. Where the blood cannot find an easy 
exit externally, it collects in the axillary space and forms a large swelling which projects 
in the floor of the axilla and also bulges forw'ards the Pectoralis major. The treatment 
oonsistfl in freely opening up the cavity and searching for and securing the bleeding vessel. 
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In supjmraium in the axilla, the arrangement of the fascisB pla 3 r 8 a very important 
part in the direction which the pus takes. As described on page 629, the costo-coracoid 
membrane, after covering in the spa(;e between the clavicle and the upper border of the 
Pectoralis minor, splits to enclose this muscle, and, reblending at its lower border, becomes 
incorporated with the axillary fascia at the anterior fold of the axilla. This is known os 
the clavipeci>ffral Jascia. Suppuration may take place either superiioial to or beneath 
this layer of fascia ; that is, either between the Pectorals or below the Pectoralis minor : 
in the former case, the abscess would point either at the anterior border of tlie axillary 
fold, or in the groove between the Deltoid and the Pectoralis major ; in the latter, the 
pus would have a tendency to surround the vessels and nerves, and ascend into the ne(;k, 
that being the direction in which there is least resistance. Its progress towards the 
surface is prevented by the axillary fascia ; its progress backwards, by the insertion of 
the Serratus magrius ; forwards, by the clavipectoral fascia ; inwards, by the wall of 
the thorax ; cand outwards, by the upper limb. The pus in these cases, after extending 
into the neck, has been known to spread through the superior opening of tlie thorax into 
the mediastinum. Some instances have been recorded where the pus found its w^ay 
along the course of the vessels into the upi»or arm. 

In opening an axillary abscess, the knife should be entered in the floor of the axilla, 
midway l)etw(5en the anterior and posterior margins and near the thoracic side of the 
s])a(;e. After an incision has been made through the skin and fascia it is well to use a 
director and dressing forctips in the manner directed by Hilton. 

The relations of thtj vessels and nerves in the several parts of the axilla arc important, 
for it is the almost universal plan, in the ])r(5S(mt day, to remove the glands from the axilla 
in operating for cancer of the breast. In performing such an operation, it is necessary 
to proceed w'ith much ^'action in the dirccdioii of the outer w^all and apex of the spai^e, as 
lu‘rc the axillary vessels an* in danger of being woundtid. The subscapular, dorsalis 
scapulic, and postiTior circumlJ(‘x vessels on the posterior wall and the thoracic braiujjies 
along the anterior wall must be avoided. In clearing out the axilla, the axillary v(!in 
should he Jirst detined and traced u]) to the ap(‘X of the space by nutans of an elevator 
or other blunt, instrunuuit. The l^ictoralis major is ndracted by an assistant ; or, as is 
more commonly Hkj practice in the pi*e.seut day, the sternal origin of this mns(;le is first 
removed. This proceeding not only lessens the chance of reeurrenco of the disease, but also 
enables the surgeon to cl(*ar out the axillary cavity more thoroughly. When the apex of 
tliespjice is reac.lied all fat and glands must Iw carefully removed and the whole axilla 
cleared by sf^paraling the tissues along the inner and posterior w^alls, so tJiat Avhen the 
proci'ediiig is eomy)leted the axilla is emptied of all its eontonts except the main vessels 
and nerves. 


Axillaiiy Artery 

Hu? axillary artery (a. axillaris) (fig. 594) , the (•.ontiniialioii of f lio subclavian , 
cornnieiiccs at the outer border of the first rib, and tcTiuinates at the lower 
bordcM- of the tendon of the Teres majoi* muscle, where it takes the name of 
brachial. Its direcd-ion vaiies with the positioji of the limb ; thus the vessel 
is nearly straight when the arm is directed at riglit angles witli the trunk, 
oneave upAvards avIuui the arm is elevated above this, and convex upAA'ards 
and outwards A\ hen t)i(^ arm lies by the side. At its eommencemerit the artery 
is v€‘ry deeply situated, but near its termmaiion is superficial, being covered 
only by tlio skin and fascia. To facilitate the description of the vessel it is 
divided into three x^ortions ; the first part lu‘s above, the second behind, and 
the tfiird below tlie Pectoralis minor. 

The first portion of the axillary artery is in relation, in front, with the* clavicular 
portion of the Pectoralis major, the costo-coracoid irHunbrane, the external anterior 
thoracic ncrvci, and the acromio-thoracic and cephalic veins ; behind, wdth the first 
intercostal space, the corresponding Intercostal muscle, the first and second digi- 
tations of the Serratus magnus, and the posterior thoracic and internal 
anterior thoracic nerves ; on its outer side, Avitli the brachial plexus, from 
which it is separated by a little areolar tissue ; on its inner, or thoracic side, with 
the axillary vein which overlaps the artery. It is enclosed, together with the 
axillary vein and the brachial plexus, in a fibrous sheath — the axillary sheath — 
continuous above with the deep cervical fascia. 

11)6 second portion of the axillary artery is covered, in front, by the 
Pectorales major and minor ; behind it, is the x>osterior cord of the brachial plexus, 
and some areolar tissue which intervenes betAveen it and the Subscapularis muscle; 
on the inner side is the axillary vein, separated from the artery by the inner cord of 
the brachial plexus and the internal anterior thoracic nerve ; on tlie outer side is the 
outer cord or the brachial plexus. The brachial plexus of nerves thus surrounds 
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the artery on three sides, and separates it from direct contact with the vein and 
adjacent muscles. 

The third portion of the axillary artery extends from the lower border of the 
Pectoralis minor to th(i lower border of the tendon of the Teres major. In front, it 
is covered by the lower part of the Pectoralis major above, but only by the 
integument ajid fascia below ; behind, it is in relation with the lower part of the 
Subscapnlaris, and the tendons of the Latissiiiius dorsi and T(*re.s major ; on its 

Fia. 594. — The axillary artery and its branches. 



outer side is the (\)raco-braehialis, and on its inner, or thoracic side, the axillary 
vein. The nerves of the brachial plexus bear the following relations to this ])art 
of the artery : on the outer side are the outer head and trunk of the median, 
and the musculo-cutaneous for a short distance ; on the inner side the ulnar 
(between the vciji and artery) and lesser internal cutaneous nerves (to the inner 
sideof the vein) ; in front are the inner liead of the median and the internal cutaneous, 
and behind, the musculo-spiral and circumflex, the latter only as far as the lower 
border of the Subscapularis. 

Surface Marking . — The course of the axillary artery may be marked out by laising 
the arm to a right angle and drawing a line from the middle of the clavicle to the point 
where the tendon of the Pectoralis major crosses the prominence caused by the (.‘oraco- 
brachialis as it emerges from under cover of the anterior fold of the axilla. The third 
portion of the artery can be felt pulsating beneath the skin and fascia, at the junction of 
the anterior with the middle third of the space between the anterior and posterior folds 
of the axilla, close to the inner border of the Coraco-brachialis. 

Applied Anatomy.— Compression oi the vessel maybe required in the removal of 
tumours, or in amputation of the upper part of the arm ; and the only situation in which 
this can be effectually made is in the lower part of its course ; by pressing on it in tliis 
situation from within outwards against the humerus, the circulation may be eflectually 
arrested. 

With the exception of the popliteal, the axillary artery is perhaps more frequently 
lacerated tlian any other artery in the body by violent movements, especially in those 
cases where its coats are diseased. It has occasionally been ruptured in attempts to 
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<^^locations of the shoulder -joint. This lesion is most likely to occur during 
the preliminary breaking down of adhesions, in cases whore the artery has become fixed 
to the capsule of the Aneurysm of the axillary artery sometimes occurs : a large 

number of the j|||||ies at^ traumatic in their origin, due to the injuries io which the 
artery is expo^||||in the^jvaried, extensive, and often violent movements of the limb. 

Th(f apphc4itt07i o f aij^ure to the axillary artery may be required in cases of aneurysm 
of the upper part of t^HAchial, or as a distal oiieration for aneurysm of the subclavian ; 
and there ar e which it can be secured, viz. in the first and in tlie 

third })arts artery at its central part is so deeply seated, 

and, at tbet^iMKm surrounded with largo nervous trunks, that Ihe 

applicatioii.ij(X;MH would be ahnost> impracticable. 

Jn the tliird the operation is most simple, and may be performed 

in the following mn«|^rhe patient being placed on a bed, and the arm sej^arated 
from the side, wdth tho^rfeind sujiinated, an incision about tw'o inches in length is made 
through the integument forming the floor of the axilla, a little nearer to the anterior than 
to the posterior fold of the axilla. Aftc^r carefully dissecting through the areolar tissue 
and fascia, tlie median nerve and axillary vein are exposed ; the former is displaced 
to the outer, and the latter to the inner side of the arm, the elbow being at the same time 
bent HO as to relax the slruc.tures and facilitate their separation; the ligature may be 
passed round the artery from tlie ulnar to the radial side. This portion of the artery is 
occasionally crossed by a mu.scular slip, the axillary arch (page 490), derived from the 
Latissimus dorsi. 

The first portion of the axillary artery may bi tied in cases of aneurysm eruToaching 
so far upwarfls tliat a ligature cannot be applied in the lower part of its course. Not- 
withstanding that this of)eration has been performed in some few'^ patients with success, 
its ])erformancc is attended with miuii difficulty and danger. The student will remark 
that, in this situation, it would be necessary to divide a thick muscle, and, after incising 
the costo -coracoid membrane, the art-ery would be exposed at the bottom of a more or 
less deep space, with the cephalic and axillary veins in sueli relation with it os mn.st render 
the application of a ligature to it particularly hazardous. Under such circumstances, 
it is an easier and, at the same time, mon' advisable operation, to tie the third part of 
the subclavian artery. 

'^riie first part of the axillary can In* best secured by a curved incision with th(^ 
convexity downwards from a point half an inch external to the stcrno-clavieular joint 
to a point half an inch internal to the coracoid process, l^he limb is to be well abducted 
and the bead inclined to the oi)])ositc s*ide, and the incision carried through the su[)crficial 
structure's, care being taken of the eephalir vein at the outer angle of the incision. The 
clavicular origin of the Poctoralis major is then divided in the wholes extent of the w ound. 
The arm is now' brought to tlie side, and the ujijicr edge of the Pe(;t/oralis minor dellned 
and drawn downw'ards. The eosto-eoraeoid membrane is carefully divided on a director, 
close to the coracoid process, and tlie axillary sheath exposed ; this is to be opened will* 
es])ecial earc on account of the vein overlapping tlics artery. The needle should he passed 
from below, so as to avoid wounding the vein. 

( 'ollatcral cirntjalion after Uyedure of the aiillary artery. — If the arterv lx? tied above 
the origin of tlie aerornio-lhoraeic, the collateral circulation will •he carried on by the 
same branches as after the ligature of tlie subclavian ; if at a lower point, betw'cen the 
veromio-tlioracie and subscapular arteries, the latter vessel, by its free anastomoses Avith 
die otlici scapular arteries, branches of tlie suluJavian, wdll become the chief agent in 
carrying on the (urculation ; the long thoracic, if it b(? below the ligature, w'ill materially 
contribute by its anastomoses with the intercostal and internal mammary arteries. 
If the j)oint included in the ligature is below' the origin of the subsi;apular artery, it will 
most probably also be below the origins of the tw o circumflex arteries. The chief agents 
in restoring the circulation Avill tlieii be the subscapular and the two circumllex arteries 
anastomosing with the sujierior profunda from the brachial. The cases in which the 
operation has been performed are fcAv in number, and no published account of dissections 
of the collateral circulation appears to exist. 


The branches of the axillary artery are : 

From first part, Superior thoracic. From second 


part 


Acromio-thoraeic . 
Long thoracic. 
Alar thoracic. 


f Subscapular. 

From third part j Posterior circumflex. 

( Anterior circumflex. 


1. The superior thoracic (a. thoracalis suprema) is a small artery, which 
may arise by a common trunk with the acromio-thoracic. Running forwards 
and inwards along the upper border of the Pcctoralis minor, it passes between it 
and the Pectoralis major to the side of the chest. It supplies these muscles, and 
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the parietes of the thorax, anastomosing with the internal mammary and inter- 
costal arteries. 

2. The acromio-thoracic (a. tlioracoacroniialis) is a short trunk, which arises 
from the fore part of the axillary artery, its origin being generally overlapped by 
the upper edge of the Pectoralis minor. Projecting forwards to the upper border 
of this muscle, it pierces the costo-coracoid membrane and divides into four 
branches — ^pectoral, acromial, clavicular, and humeral. The pectoral branch (ramus 
pectoralis) runs forwards and inwards between the two Pectoral muscles, and 
is distributed to them and to the mammary gland, anastomosing with the inter- 
costal branches of the internal mammary. The acromial branch (ramus acromialis) 
is directed outwards towards the acromion, supplying the Deltoid muscle, iuid 
anastomosing, on the surface of the acromion, with the su})rasca 2 )ular and posterior 
circumflex arteries. The*, clavicular branch (ramus clavicularis) runs upwards and 
inwards to the storno-clavicular joint, sn}) 2 )lying this articulation, and the Sub- 
clavius muscle. The humeral branch (ramus dtdtoideus) passes, in the same groove 
as the cephalic vein, Ixjtwecn the Pc^ctoralis major and Dedtoid, and gives l)]anch(^s 
to both muscles. 

3. Th(i long thoracic (a. thoracalis lateralis) passes downwards and inwards 
along the lower border of the Pectoralis minor to the side of the chest, su 2 )plying 

the Serratus magnus, the 
Pectoral muscles, and mam- 
mary gland, and sf'iuling 
branches across the axilla to 
the axillary glands and Sub- 
sc.apularis ; it anastomoses 
with the internal mammary 
and intercostal arteries. 

4. The alar thoracic is 
a small branch, which sup- 
plies the glands and areolar 
tissm^ of the axilla. Its 
place is frequently taken by 
l)ranchcs from some of the 
other thoracic arteries. 

5. The subscapular (a. 
subscapularis), the largest, 
branch of the axillary artery, 
arisf^s opposite the lower 
})ord(jr of the Suhseaj)idaris, 
aiul passes downwards and 
backwards along this bonier 
tt) the inferior angle of the 
scaj)iila, where it arjastonioses 
with the long thoracic and 

intercostal arteries and with the posterior scapular branch of the transversal is 
colli, and terminates by supjdying branches to the? niuse-le*s in the nenghbemrhejod. 
About an inch anel a hfilf from its erigin it gives oil a branch, thei dorsalis scapulw. 

Tlie dorsalis scapulas (a. cireumflexa scapula?) is ge?ueirally larger than the^ 
(%)ntinuatie>n of the subseiapular. It curveis round the axillary borde?r of the 
scapula^ leaving the axilla through the space between the Subscapularis above, 
tilt* Teres majeir below, anel the long heiael of the Triceps (»xternally (fig. 595) ; it 
enters the infraspinous fossa uneler cover of the Tores minor, and anastome)se»s 
with tliei posterior scapular and suprascajmlar artejrie's. In its course it gives off 
two branches : one (infrascjipular) enteirs the subscapular fossa beneath the Sub- 
scapularis which it sujqilics, anasteuiiosing with the? posterior scapular and supra- 
sca^nilar arteries ; the? other is continued along the axillary border of the scapula, 
between the Te?res major and minor, and at the dorsal surface of the inferior angle 
anastomose?s with the posterior scapular. In addition to these, small branch c*s are 
elistributed to the back part of the Deltoid muscle and the long heael of the Trices, 
anastomosing with an asceneling branch of the superior profunda of the brachial. 

6. The posterior circumflex (a. cireumflexa humeri posterior) (fig. 595) arises 
from the back part of the axillary artery opposite the lower border of the Sub- 
scapularis muscle, and runs backwards with the circumflex veins and nerve 


Fio. 595. — The scapular and circumflex arteries. 
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through the quadrangular space bounded by the Teres major and minor, the 
scapular head of the Triceps and the humerus. It winds round the neck of the 
humerus and is distributed to the Deltoid muscle and should or- joint, anastomosing 
with the anterior circumflex and acromio-thoracic arteries, and with the superior 
profunda branch of the brachial artery. 

7. The anterior circumflex (a. circiimflexa humeri anterior) (fig. 595), con- 
siderably smaller than the preceding, arises ncsarly opposite it, from the outer 
side of the axillary artery. It passes horizontally outwards, beneath the Coraco- 
hrachialis and short head of the 

Biceps, lying upon the fore part Yio. 59(>.~The brachial artery, 

of the nock of the humerus. On 
reaching the bicipital groove, it 
gives off an asccTuling branch 
which ascends al(»ng the groove 
t(x supply tlic head of the 
humerus and the shoulder-joint. 

The trunk of the Vessel* is then 
continued oiitwardfe beneath the 
Deltoid, which it supplies, and 
anastomoses with tln^ posterior 
circumflex artery. 

pHculiaritinJi. — bran(;]ies of 
the axillary artery varj^ considerably 
in dilTcrent subjects. Occasionally 
the subscjJipular, circumfh'x, and 
profunda arteries arise from a com- 
mon trunk, and when this occurs 
the branches of the brachial ])lcxus 
surround this trunk instc'ud of the 
main vessel. Sometimes the axillary 
artery divides into tlu^ radial and 
ulnar arteries, and occasionally it 
gixes origin to tlu5 anterior intcr- 
oss<?oiis artery of tlio forearm. 

Buachtal Atitekv 
(fig. 596) 

The Brachial artery (a. 

bracliii) cominciicea at the lower 
riiargin of the tendon of tlic 
'IVnvs major, and, passing down 
the inner and anterior asp(H*t 
of the arm, t^.rtniiiales about 
half an inch below the bend of 
the elbow, where it divides ijito 
the- radial and uiiiar arteries. 

At first the brachial artery lies 
internal to th(i liumtu-iis ; but 
as it runs down the tirm it 
gradually gets in front of the 
bone, and at the bend of the 
elbow' it lies midw^ay between 
the two condyles. 

Relations. — The artery is superficial throughout its entire exte.ut, being 
covered, in front, by the integument and the superficial and d(‘.ep fasciae ; the 
bicipital fascia lies in front of it opposite the elbow and separates it from the vena 
mediana cubiti ; the median nerve crosses it from without inxvards opposite the 
ii^rtlon of the Coraco-brachialis. Behind, it is separated from the long head of 
t]^ Triceps by the musculo- spiral nerve and superior profunda artery. It then 
lies upon the inner head of the Triceps, next upon the insertion of the Coraco- 
brachialis, and lastly on the Brachialis anticus. By its outer side, it is in relation 
with the commencement of the median nerve, and the Coraco-brachialis and Biceps, 
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the two muscles overlapping the artery to a considerable extent. By its inner 
side, its upper half is in relation with the internal cutaneous and ulnar nerves, its 
lower half with the median nerve. The basilic vein lies on its inner side, but is 
s(;parated from it in the lower part of the arm by the deep fascia. The artery 
is accompanied by two vcn»i comites, which He in close contact with it, being 
connected together at intervals by short transverse communicating branches. 

Anatomy of the Bend of the Elbow (aiiticubital fossa) 

At the bend of the elboB’ the brachial artery sinks deeply into a triangular 
interval. The base of the triangle is directed upwards, and is represented by a 
line connecting the two condyles of the humerus ; the sides are bounded, 
externally, by the inner edge of the Brachio-radialis, internally, by the outer 
margin of the Pronator teres : the floor is formed by the Braehialis anticus and 
Supinator brevis. This spacer (jontains the bracliial artery, with its accom- 
panying veins ; tlie radial and ulnar arteries : the median and musculo-spiral 
TKTves ; and the tendon of the Biceps. The brachial artery occupies the 
middle line of the space, and divides opposite the neck of the radius into the 
radial and ulnar arteries ; it is covered, in front, by the integument, the 
siijMU’ficial fascia, and the vena mediana eubiti, the vein being separated from 
direct contact with the artery by the bicipital fascia. Behind, it lies on the 
Braehialis anticus, wliich separates it from the elbow-joint. The median 
nerve lies on the inmu* side of the artery, close to it above, but separated 
from it below by the coronoid origin of the Pronator teres. Tlic temdon of 
the Biceps lies to the outer side of thc^ artery, and still more externally is 
tlie musculo-spiral nerve which is situated upon the Supinator brevis, and 
concealed by th<‘ Brachio-radialis. 

Peculiarities of the hrachial artery as reyards its Course . — Th(^ t)rachial artery, accom- 
panied by the medial) tut\ c, may leave the innea* border of the Jiiceps, aud descumd towards 
the inner epicondyle of the humerus ; about two inches above the cpiooiidylt* it usually 
in such cases curves round a proTninence of bone, tl)e supracondylar process, from wliich 
a fibrous arch is in most cases thrown over the artery : it then inclines ontuards, beneath 
or through the substan(!e of the Pronator teres, to the bend of the elbow. This variation 
bears considerable analogy \\itli the normal condition of the arti*ry in sonu‘ of the 
carnivora : it has been referred to in the description of the humerus (page 298). 

regards its d/ri.s7Vm. — Oeeasionally, the artery is divided for a short distance at its 
upper part into two trunks, wlii(*h are united below. A similar xieeuliarity may occur in 
the main ves'^el of the lower limb. 

The vessels concerned in the high division '>f the brachial artery are thret; : vi/. radial, 
ulnar, and interosseous. Most, freijueutly the radial is given olV high up, the other limb 
of the bifurcation consisting of the ulnar and interosseous. Jn some instances the ulnar 
arises from the brachial above the ordinary level, and the radial and interosseous form 
the other limb of the division ; and oecasionally the interosseous arises high uj). 

Sometimes, long slender vessels, iHisa aherrantia, connect the brachial or the axillary 
artery with one of the arteries of the forearm, or branches from them. These vessels 
usually join the radial. 

Varieties in muscular relations.''^ —Tha brachial artery is occasionally concealed, in 
some part of its course, by muscular or tendinous slips derived from tlie Coracjo-brachialis, 
Biceps, Braehialis antieiis, or Pronator teres. 

Surface Marlciug.—The direction of the lirachial artery is marked by a line drawn 
along the inner edge of the Biceps from the iasertion of the Teres major muscle to a 
point midway between the epicondyles of the humerus. 

Applied Anatomy. — Tn spite of the fact that the brachial artery is very superficial and 
but little protected by surrounding tissues, it is seldom wounded. This, no doubt, is due 
to its situation on the inner side of the arm, which is little exposed to injury, (^oni'firession 
of the brachial artery is required in cases of amputation and some other ojierations in the 
arm and forearm, and may be effected in almost any part of tlie course of the artery. If 
pressure be made in the upper part of the limb, it should bo directed from within 
outwards ; if in the lower x>art, from before backwards, as the artery lies on the inner 
side of the humerus above, and in front of it below. The most favourable situation is 
about the middle of the arm, where the artery lies on the tendon of the Coraco -braehialis 
on the inner surface of the humerus. ^ 

The application of a liyaiure to the brachial artery may be required in cases of woflnd 
of the vessel, , in some cases of wound of the palmar arch. It is also sometimes 
necasw/i^Jjipi of aneurj’sm of the hrachial, radial, ulnar, or interosseous arteries. The 

♦ See Struthers’s Anatomical and Physiological Obserrafions. 
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artery may be secured in any part of its course. The chief guides in determining its 
position are the surface markings produced by the inner margins of the Coraco-brachialis 
and Biceps, and the known course of the vessel ; its pulsation should be carefully felt 
for before any operation is performed, as the vessel occasionally deviates from its usual 
position. It is essential in applying a ligature to this vessel that the arm should be held 
away from the side, and supported only from the elbow, for if the arm be allowed to rest 
on any firm structure the Triceps is pressed forwards and overlaps the vessel, thus making 
the operation much more difficult. 

In the up-per third of the arm the artery may be exposed in the following manner. 
The patient being placed supine upon a table, the affected limb should bo raised from the 
side, and the hand supinatod. An incision about two inches in length should be made on 
the inner side of the Coraco-brachialis muscle, and the subjacent fascia cautiously divided, 
so as to avoid wounding the internal cutaneous nerve or basilic vein, as the latter 
soinetimes runs on the surface of the artery as high as the axilla. The fascia having 
been divided, it should bo remembered that the ulnar and internal cutaneous nerves lie on 
the inner side of the artery, the median on the outer side, the latter nerve being occasion- 
ally superficial to the artery in this situation, and that the venae comites are also in 
relation with the vessel, one on either side. These being carefully separated, the 
aneurysm needle should bo j)assed round the artery from the inner to the outer side. 

In the case of a high division, the two arteries are usually placed side by side ; and 
if they are exposed in an operation, the surgeon should eudt^avour to ascertain, by alter- 
natel^^' pressing on each vessel, which of the two eorninunicates with the wound or 
aneurysm, when a ligature may be applied accor ’ingly ; or if pulsation or haemorrhage 
ceases only wlum both vessels arc compressed, both vessels must be tied, as it may be 
concluded that the two communicate above the seat of disease, or are reunited. 

In the middle of the arm the brachial artery may be exposed by making an incision, 
along the inner margin of the Biee])s muscle. The forearm being bent so as to relax 
tlie muscle, it should be drawn sliglitly aside, and the fascia carefully divided, when the 
median nerve will be exposed lying upon (sometimes beneath) the artery ; this being 
drawn inwards and tlie muscle outwards, the artery should be separated from its accom- 
panying veins and secured. In this situation the inferior profunda may bo mistaken for 
the main trunk, especially if enlarged from tlie collateral circulation having become 
established ; this may be avoided by directing tlui incision externally towards the Biceps, 
rather than inwards or backwards towards the Triceps. 

The lower part of the brachial artery is of interest from a surgical point of view, on 
account of the relation whioli it boars to the veins most commonly ojiened in venesection. 
Of these vessels, the vena modiana cubiti is the largest and most prominent, and, 
consequently, the one usually selected for the operation. It sliould be remembered 
that this vein runs parallel with the brachial artery, from which it is separated by 
the bicijiital fascia, and that care should be taken, in opening the vein, nut to carry the 
incision too deep, so as to endanger the artery. 

Collateral Circulaiior ^. — After the application of a ligature to the brachial artery in 
the upper third of the arm, tlie circulation carried on by branches from the circumflex 
and subscapular arteries anastomosing wdth ascending branches from the superior 
profunda. If the brachial be tiedbelow the origiii of the profunda arteries, the circulation 
is maintained by the branehes of the profund, c anastomosiiig with the recurrent radial, 
ulnar, and interosseous arteries. 

The branches of the brachial artery are : 

Superior profunda. Inferior profunda. 

Nutrient. Anastomotica magna. 

Muscular. 

1. The superior profunda (a. profunda brachii) arises from the inner and 
back part of the brachial, just below the lower border of the Teres major, and 
passes haijkwards to tlie interval between the outer and inner heads of the Triceps 
muscle, accompanied by the musculo-spiral nerve. It winds round the back of the 
shaft of the humerus in the spiral groove, between the outer head of the Triceps 
and the bone, to the external intermuscular septum where it divides into two 
terminal branches. One of these pierces the septum, and descends, in company 
with the musculo-spiral nerve, to the space between the Brachialis anticus ani 
Brachio-radialis, where it anastomoses with the recurrent branch of the radial 
artery ; the other, much larger, descends behind the external intermuscular 
septum to the back of the elbow-joint, where it anastomoses with the posterior 
inUroBseous recurrent, the posterior ulnar recurrent, the anastomotica' magna, and 
inferior profunda (fig. 697). The superior profunda supplies the Triceps muscle 
and gives off a nutnent artery which enters the humerus at the upper end of 
the musculo-spiral groove. Near its commencement it sends a branch upwards 
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betweeu .the external and long beads of tlie Triceps mnsdle t6 anartono^e iqNik 

posterior drcnnaflex artery ; and, while in the groove, a small branch which 
accompanies a branch of the mnsculo-spiral nerve through the substance of the 
Triceps muscle and ends in the Anconeus below the outer epicondyle of the humerus. 

2. The nutrient artery of the shaft of the humerus arises about the middle 
of the arm and enters the nutrient canal near the insertion of the Coraco-brachialis 
muscle. 

3. The inferior profunda (a. collateralis ulnaris superior), of small size, arises 
a little below the middle of the arm. It pierces the internal intermuscular septum, 
and descends on the surface of the inner head of the Triceps muscle, to the 
space between the inner epicondyle and olecranon, accompanied by the ulnar 
nerve, and terminates by anastomosing with the posterior ulnar recurrent and 
anastomotiea magna. It sometimes sends a branch in front of the internal 
epicondyle, to anastomose with the anterior ulnar recuirent. 

4. The anastomotiea magna (a. collateralis ulnaris inferior) arises about two 
inches above the elbow-joint. It passe'* trajisversely inwards upon the Brachialis 
aiiticiis, andpi(‘rcing the internal intermuscular septum, winds round the back part 
of th(^ humerus Ix'twc'on the Triceps and the bone, forming, by its junction with 
the post(U‘ior branch of th(^ siipcuior profunda, an arch above the olecranon fossa. 
As the viissol lies on the Brachialis anticus, branclu's ascend to join the inferior 
])rofuiKla ; others desecMid in front of the inner epicojidyle, to anastomose with 
the anterior ulnar recurrent. Behind the int(‘rnal epicondyle a branch is given 
off to anastomose with the inferior profunda and posterior ulnar recurrent arteiies 
and supply the Triceps. 

5. The muscular are three or four large branches, which are distributed to the 
muscles in the course of th<^ artery. They supply th(‘, Ooraco-brachialis, Biceps, 
and Brachialis anticus. 


Fio. 507. — Diagram ol the anastomosis around the el bow- joint. 
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The Anastomosis around the Elbow*joint (fig. 597). — The vessels engaged 
in this anastomosis may be conveniently divided into those situated in front of, 




aiuj tibo06 hMmd internal and ezt^id apkbndyles. 
mewing m fr<m^ of the internal epieondyle are : me anterior branch of 
anastomotica magna, the an- 
terior ulnar recurrent, and the 598. — ^The radial and ulnar arteries, 

anterior branch of the inferior 
profunda. Those behind the in- 
ternal epieondyle are: the ana- 
stoinotica magna, the posterior 
ulnar recurrent, and the posterior 
terminal branch of the inferior 
profunda. The branches ana- 
stomosing in front of the external 
(Epieondyle an. : the radial re- 
current and the anterior terminal 
branch of the superior profunda. 

Those behind the external epi- 
(iondylo (perhaps more properly 
described as being situated 
between the external epieondyle 
and th(E olecranon) are : the 
anastomotica magna. tluE in- 
terosseous recurrent, and the 
])osteiior tcEriniiial braiicli of the 
superior })rofunda. There is also 
ahirg(, arch of anastomosis above 
the olecranon, fornuEd by the in- 
terosseous recurrent joining with 
the anastomotica magna and pos- 
terior ulnar recurrent (lig. (UX)). 

From this descrij)tio!i it will 
b(i observed that the anasto- 
motica magna is the vessel most 
engaged, the only part ol the 
anastomosis in which it is not 
(‘iiiploycd being that in front of 
the external (ipicondvle. 
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K A DIAL Auteiiy (fig. 598) 

The radial artery (a. radi- 
alis) appears, from its direction, 
to be the continuation of the 
brachial, but it is smaller in 
calibre than the ulnar. It 
commences at the bifurcation 
of the brachial, just below the 
bend of the elbow, and passes 
along the radial side of the 
forearm to the wrist. It then 
winds backwards, round the 
outer side of the carpus, be- 
neath the Extensor tendons of 
the thumb to tlie upper end 
of the space between the meta- 
carpal bones of the thumb and 
index finger, and, finally, passes 
forwards between the two 
lieads of the First dorsal inter- 
osseous muscle, into tliepalm of 
the hand, where it crosses the 
metacarpal bones to the ulnar 
border of tlie hand, to form the deep palmar arch. At its termination, it 
anastomoses with the deep branch of the ulnar artery. The relations of this 
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vessel may thus be oanveuiei^^ divided into three parts, viz. in the ioreturmf 
at the back of the wrist, and in the hand. 

Bdatiens. — (o) In ihe forearm the artery extends from op|waite the neck of the 
radius to the fore part of the styloid process, being placed to the inner side of the 
shaft above, and in front of it below. It is overlapped in the upper part of its 
course by the fleshy belly of the Brachio-radialis muscle ; throughout the rest of 
its course it is superficial, being covered by the integument and the superficial and 
deep fascia). In its course downwards, it lies upon the tendon of the Biceps, the 
Supinator brevis, the Pronator teres, the radial origin of the Flexor sublimis 
digitOTum, the Flexor longus ixjllicis, the Pronator (luadratus, and the lower 
extremity of the radius. In the upper third of its course it lies between the 
Brachio-radialis and the Pronator teres ; in its lower two-thirds, between the 
tendons of the Brachio-radialis and Flexor carpi radialis. The radial nerve lies 
close to the outer side of the artery in the middle tliird of its course ; and some 
filaments of the musculo-cutaneous nerve, after piercing the deep fascia, run 
along the lower part of the artery as it winds round the wrist. The vessel is 
accompanied by veiiaB comites throughout its whole course. 

(b) At the wrist as it winds round the outer side of the carpus, from the 
styloid process to the first interosseous space, it lies upon the external lateral 
ligament, and then upon the .scaphoid and trapezium, being covered by the 
Extensor tendons of the thumb, subcutaneous veins, some filaments of the radial 
nerve, and the integument. It is accompanied by two veins, and a filament of the 
inusculo-eutaneous nerve. 

(c) In the hand, it passes from the upper end of ihe first intei'osseous space, 
between the heads of the Abductor iiulicis or Fiist dorsal interosseous muscle, 
transversely across the palm, to the base of the metacarpal bone of the little finger, 
where it anastomoses "with the deep ])ranch from the ulnar artery, completing the 
deep palmar arch (arcus volaris profundus). It lies upon the carpal extremities of 
the metacaTj)al bones and the Interossei, being ciovered by the Adductor obliquus 
pollicis, the Ilexor tendons of the fingers, and the Lumbricalos. Alongside of it, but 
running in the opposite direction— that is to say. from within outwards- is the 
d(‘ep branch of the ulnar nerve. 

Peculiarities.— "V\\e origin of the radial artery, according to Qiiain, is, in nearly one 
case in eight, higher than usual ; more often it arises from the axillary or upper part of 
the brachial, than from the lower part of the latter vessel. Tn the forearm it deviates less 
frequently from its normal position than the ulnar. It has been found lying on the deep 
fascia instead of beneath it. It has also been observed on the surfac e of the Brachio-radialis, 
instead of under its inner border ; and in turning round the wrist, it has been seen lying 
on, instead of beneath, the Extensor tendons of the thumb. 

Surface Marking, — The position of the radial artery in the forearm is represented 
by a line drawn from the outer border of the tendon of tlie Biceps in the centre of the 
hollow in front of the elbow-joint to the inner side of the fore part of the styloid process 
of the radius, itli the limb in the position of supination. 

Applied Anatomy. — Tlie radial artery is much exposed to injury in its lower third, 
and is frequently wounded by the hand being driven through a pane of glass, by the slipping 
of a knife or chisel held in the other hand, &c. The injury maybe followed by a traumatic 
aneurysm, for which tho operation of laying open the sac and securing the vessel above 
and below is required. 

Tho operation of tying the radial artery is required in cases of wounds either of its 
trunk, or of some of its branches, or for aneury.«:m : and the vessel may be exposed in any 
part of its course through the forearm without the division of any muscular fibres. The 
operation in the middle or inferior third of the forearm is easily performed ; but in the 
upper third, near the elbow, it is attended with some difficulty, from the greater depth 
of tlie vessel, and from its being overlapped by the Brachio-radialis. 

To tie the artery in the up]M;r third, an incision three inches in length should bo made 
through the integument, in a line drawn from the centre of the bend of the olbow'’ to the 
front of the styloid process of the radius, avoiding the branches of the median vein ; the 
fascia of the arm ]>eing divided, and the Brachio-radialis drawm a little outwards, the 
artery will be expcjsed. The venao comites should be carefully separated from the vessel 
and the ligature passed from th($ radial to the ulnar side. 

In the middle third of the forearm the artery may be exposed by making an incision 
of similar length on tlie inner margin of the Brachio-radialis. In this situation, the radial 
nerve lies in close relation with the outer side of the artery, and should, as well as the 
veins, be carefully avoided. 

In the lower third, the artery is easily secured by dividing the integument and fascia 
in the interval between the tendons of the Brachio-radialis and Flexor carpi radialis. 
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The branches of the radial artei^ may be divided into iliree gronpa, eon^, 
spending with the three regions in ^hioh the vessel is situated. 

/» (ht forearm. At the, wrist. In ths harid. 

Radial recurrent. Posterior radial carpal. Princeps pollicis. 

Muscular. First dorsal interosseous. Radians indicis. 

Anterior radial carpal. Dorsales pollicis. Perforating. 

SuperficiaUs volse. Dorsalis indicis. Palmar interosseous. 

Recurrent. 

The radial recurrent (a. recurrens radialis) is given o£E immediately below the 
elbow. It ascends between the branches of the musculo-spiral nerve, lying on the 
Supinator brevis and then between the Brachio-radialis and Brachialis anticus, 
supplying these muscles and the elbow- joint, and anastomosing with the anterior 
terminal branch of the superior profunda. 

Tin; muscular branches (rami musculares) aie distributed to the muscles on 
the radial side of the forearm. 

The anterior radial carpal (ramus carpeus volaris) is a small vessel which arises 
near the lower border of the Pronator quadratus, and, running inwards in front 
of the carpus, anastomoses with the anterior carpal branch of the ulnar artery. 
In this way an arterial anastomosis, the anterior carpal arch, is formed in front 
of the wrist : it is joined by branches from the anterior interosseous above, and 
by recurrent branches from the deep palmar arch below, and gives off twigs which 
descend to supply the articulations of the wrist and carpus. 

The superficialis vol® (ramus volaris superficialis) arises from the radial 
artery, just where this vessel is about to wind round the outer side of 
tlio wrist. Running forwards, it passes through, occasionally over, the muscles 
of the thumb, which it suppliers, and sometimes anastomoses with the terminal 
portion of the ulnar artery, completing the superficial palmar arch. This 
vessel varies considerably in size : usually it is very small, and terminates in 
the muscles of the thumb ; sometimes it is as large as the continuation of the 
radial. 

The posterior radial carpal (ramus carpeus dorsalis) is a small vessel which 
arises beneath the Extensor tendons of the thumb ; crossing the carpus transversely 
towards the inner border of th(‘. hand, it anastomoses with the posterior carpal 
branch of the ulnar, forming the posterior carpal arch, which is joined by the 
termination of the anterior interosseous artery. From this arch are given off 
two slender dorsal interosseous arteries, which run forwaids on the Third and 
Fourth dorsal iiiterossei and bifurcate into dorsal digital branches which supply 
the adjacent sides of the middle, ring, and little fingers resj)ectively, communicating 
with the collateral digital branches of the superficial palmar arch. Near their 
t iigins they anastomose with the deep palmar arch by th(*. superior perforating 
arteries, and near their points of bifurcation with the digital vessels of the 
superficial palmar arch by the inferior perforating arteries. 

The first dorsal interosseous arises Ixmeath the Extensor tendons of the thumb, 
sometimes with the posterior radial carpal ; running forwards on the Second 
dorsal infcerossemf?^ muscle it divides into two dorsal digital branches, which 
supply the adjoining sides of the index and middh^ fingers ; it forms anastomoses 
similar to those of the other two dorsal interosseous arteries. 

The dorsales pollicis are two small vessels which run along the sides of the 
dorsal aspect of the thumb. They usually arise separately, but occasionally by 
a common trunk, near the- base of the first metacarpal bone. 

The dorsalis indicis, also a small branch, runs along the radial side of the back 
of the index finger, sending a few branches to the Abductor indicis. 

The princeps pollicis (a. princeps pollicis) arises from the radial just as it turns 
inwards to the deep part of the hand ; it descends between the Abductor indicis and 
Adductor obliquus pollicis, along the ulnar side of the metacarpal bone of the 
thumb to the base of the first phalanx, where it lies beneath the tendon of the 
Flexor longus pollicis and divides into two branches. These make their appearance 
between the inner and outer insertions of the Adductor obliquus pollicis, and run 
along the sides of the palmar aspect of the thumb, forming on the palrnar surface 
of the last phalanx an arch, from which branches arc distributed to the integument 
and subcutaneous tissue of the thumb. 
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Tho radialis indicis (a. volaiis indicis radialis) arises close to the preceding, 
descends between the Abductor indicis and Adductor transversus pollicis, and runs 
along the radial side of the index finger to its extremity, where it anastomoses with 
the collateral digital artery from the superficial palmar arch. At the lower border 
of the Adductor transversus pollicis, this vessel anastomoses with the princeps 
pollicis, and gives a communicating branch to the superficial palmar arch. 

The perforating arteries 



(rami perforantes), three in 
number, pass backwards 
from the deep palmar arch, 
through the second, third, and 
fourth interosseous spaces 
and- between the heads of 
the corresponding Intm-ossei, 
to anastomose with the dorsal 
interosseous arteries. 

The palmar interosseous 
(an. metacarpeic v o 1 a r e s) , 
three or four in number, 
arise from the convexity of 
the deep j)almar arch ; they 
rini downwards upon the 
liiterossei, and niiastoniose at 
the clefts of the fingers with 
the digital branches of the 
superficial arch. 

The recurrent branches 
arise from the concavity of 
the deep palmar a?‘ch. They 
ascend in front of the wrist , 
supplying the carjhd articu- 
lations and anastomosing with 
the anterior carpal arch. 

Ulxak Autrky (fig. 599) 

The ulnar artery (a. 

ulnar is), the larger of the 
tuo terminal branches of 
the brachial, commences a 
little below tlie bend of 
the elbow, and, passing 
obliqiudy downwards and 
inwards, roaches tlie inner 
side of tho forearm at a 
point about midway be- 
tween the’ elbow and the 
wrist. It then runs along 
the ulnar border to the 
wrist, crosses the annular 
ligament on the radial 
side of the pisiform bone, 
and immediately beyond 
this bone divides into 
two branches, which enter 
into the formation of the 
superficial and deep palmar 


arches. 


Eelations. (a) In the foreann.—ln its upper half, it is deeply seated, being 
covered by all the superficial Flexor muscles, except the Flexor carju uliiaris ; 
it lies upon the Brachialis auticus and Flexor profundus digitorum muscles. The 
median nerve is in relation with the inner side of the artery for about an inch and 
then crosses the vessel, being s(*j)a rated from it by the deep head of the Pronator 
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teres. In the lower half of the foreann, it lies upon the Flexor profundus, being 
covered by the integument, and the superficial and deep fasciae, and is placed 
between the Flexor carpi ulnaris and Flexor subliniis digitorum muscles. It is 
accompanied by two vena) comites, and is overlapped in its middle third by the 
Flexor carpi ulnaris ; the ulnar nerve lies on its inner side for the lower two-thirds 
of, its extent, and a small branch from the nerve descends on the lower part of 
the vessel to the palm of the hand. 

(h) At the wrist (fig. 598) the ulnar artery is covered by the integument and 
fascia, and lies upon the anterior annular ligament. On its inner side is the pisiform 
bone, and, somewhat behind the artery, the ulnar nerve. The nerve and artery 
are crossed by a band of fibres, which extends from the pisiform bone to the 
anterior annular ligament. 

/^ecM/ia/t<zes.~Thc ulnar artery has been found to vary in its origin nearly in the 
proportion of one in thirteen cases ; it may arise lower than usual, about two or three 
inches below the elbow, but usually much liigher, the brachial being more often the source 
of origin than the axillary. Variations in the position of this vessel are more common 
than in the radial. When its origin is normal, the cours(5 of the vessel is rarely changed. 
Wlicn it arises high up, it is almost invari. bly superficial to the Flexor muscles in 
the forearm, lying commonly beneath the fascia, more rarely between the fascia and 
integument. In a few eases, its i)osition was mbcutaneous in the upper part of the 
forearm, and subaponeurotic in tln^ lower part. 

Surface Marking. — C)n aceoiml of the curved direetion of the ulnar artery, the line 
on the surface of the limb which indit^ates its course is somewhat complicated. First, 
draw a line from th(‘ front of the internal c])icondyle of the humerus tf) the radial side of 
the pisiform l)oruj ; the lower two-thirds of this lino represent the course of the middle 
and lower thirds of the artery. Secondly, draw a line from the centre of the hollow in 
front of the elbow- joint to the junction of the iipjxjr and middle thirds of the first line; 
this represents the course of the upper third of tlu) artery. 

Applied Arutlomy . — The application of a ligature to this vess(‘l is required in cases 
of wound of the artery, or of its branches, or in conscqucnct' of aneurysm. In tlic upi)er 
half of tlie forearm the artery is deeply seated beneath the sujjcrficial Flexor muscles, 
and tin* application of a ligature in this situation is attended with some difficulty. An 
incision is to bo made in the c ourse of a line drawn from the front of the internal epieondyle 
of tlie humerus to the outer side of the pisiform bone, so that tJic cjenlre of the incision is 
throe fingers’ brcMidtli Iwlow the internal t*piec)ndyh‘. The skin and superficial fascia having 
been divided, and the deep fascia exposed, the v\hitc line which separates tho Flexor 
carpi ulnai'is from tho otlier FIex«>r muscles is to be souglit for, and the fascia incised in 
this line. The Flexor carpi ulnaris is now to bo carefully sciparated from the other muscles, 
wh(‘n the ulnar nerve will be exposed lying on the Flexor profundus digitorum, and must 
b(* drawn aside. Some little distance below the nei*vi*, the artery will bo found accom- 
]janicd by its venai comites, and may be ligatured, tJio needle being passed from within 
outwards. In the middle and lower thirds of tiie forearm, this vessel may be easily sccuivd 
by making an incision on the radial side of the tendon of tll^^ Flexor carpi ulnaris : when 
the deep fascia is divided, and the Flexor carpi ulnaris and the Flexor sublimis sejiaraled 
from each other, thci vessel will be exposed, accompanied by its venre comites, the ulnar 
nerve lying on its inner side. The; veins being separated from the artery, the ligature 
should be passed from the ulnar to the radial side, taking care to avoid the ulnar nerve. 


The branches of the ulnar artery may be arranged in the following groups : 

j Rt'eurrenl 

In the forearm ; i , 

•' j Interosseous , 

'Muscular. 

Al thf 

(Posterior ulnar carpal. 

, I Profunda. 


I Anterior. 

I Posterior. 

, ( Anterior interosseous. 

* (Posterior interosseous. 


In the hand 


(Superficial palmar arch. 


The recurrent branches (aa. recurreutes ulnares) are tw'o in number, anterior 
and posterior. The anterior ulnar recurreni arises imiiicdiately below th(' elbow- 
joint, runs upwards and inwards between the Brachialis anticus and Pronator 
teres, supplies twigs to those muscles, and, in front of the inner epieondyle, 
anastomoses with the anastomotica magna and inferior profunda. The posterior 
ulnar recurrent is much larger, and arises somewhat low’^er than the preceding. 
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It passes backwards and inwards, beneath the Flexor sublimis, and ascends 
behind the inner epicondyle of the humerus. In the interval between this 
process and the olecranon, it lies beneath the Flexor carpi ulnaris, and ascending 
between the heads of that muscle, in relation with the ulnar nerve, it supplies 


Fio. 600. — Arteries of the back of the forearm and hand. 



the neighbouring muscles and the elbow-joint, and anastomoses with the inferior 
profunda, anastomotica magna, and interosseous recurrent arteries (fig. 600). 

The interosseous (a. interossca communis) (fig. 599) is a short trunk about 
half an inch in length’, and of considerable size, which arises immediately below 
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the tuberosity of the radius, and, passing backwards to the upper border of the 
interosseous membrane, divides into two branches, the anterior and posterior 
interosseous arteries. 

The anterior interosseous (a. interossea volaris) (fig. 599) passes down the forearm 
on the anterior surface of the interosseous membrane. It is accompanied by the 
interosseous branch of the median nerve, and overlapped by the contiguous margiiis 
of the Flexor profundus digitorum and Flexor longus pollicis, giving off in this 
situation muscular branches, and the mitricnt arteries of the radius and ulna. 
At the upper border of the Pronator quadratus, a branch descends beneath that 
muscle, to anastomose in front of the carpus with the anterior carpal arch. The 
continuation of the artery passes behind the Pronator quadratus, and, piercing the 
interosseous membrane, roaches the back of the forearm, and anastomoses with 
the posterior interosseous artery (fig. 600). It then descends, in company with the 
terminal portion of the posterior interosseous nerve, to the back of the wrist to join 
the posterior carpal arch. The anterior interosseous gives off a long, slender branch, 
the comes nervi mediani (a. mediana), which accompanies the median nerve, and 
gives offsets to its substance ; this artery is sometimes much enlarged, and runs 
with the nerv(‘ into the palm of the hand. 

The posterior interosseous (a. interossea dorsalis) passes backwards through 
the interval between the oblique ligament ai i the upper border of the interosseous 
membrane. It appears between tlie contiguous borders of the Supinator brevis 
and th(‘ Extensor ossis motacarpi pollicis, and runs down the back of tlic forearm 
between the*, superficial and deep layers of muscles, to both of which it distributes 
branches (fig. 600). Win*, re it lies upon the Extensor ossis metacarpi pollicis and 
the Extensor brevis pollicis, it is accompanied by the posterior interosseous nerve. 
At the lower part of the forearm it anastomoses with the termination of the 
anterior interosseous artery, and A^ith the posterior carpal arch. It gives off, near 
its origin, tlie interosseous recurrent branch (a. iiiterossc^a recurrens), which ascends 
to the interval betwe(‘n llie external cpicondyle and olecranon, on or through the 
fibres of the Supinator brevis, but beneath the Anconeus, and anastomoses with 
the, posterior branch of tlie superior profunda, and with the posterior nlnar 
recuri (‘nt and anastomotica magna. 

The muscular branches are distributed to the muscles along the ulnar side of 
the forearm. 

Tlie anterior ulnar carpal (ramus carjieus volaris) is a small vessel which 
crosses the front of the carpus beneath the tendons of the Flexor profundus, and 
anastomoses with a corresponding branch of the radial artery. 

The posterior ulnar carpal (raimis carpeiis dorsalis) arises immediately above the 
pisiform bcnie, and winds backwards beneath the tendon of the Flexor carpi ulnaris ; 
it passes across the dorsal surface of the carpus beneath the Extensor tendons, 
to anastomose with a corrcsjxinding branch of the radial artery, and complete the 
poster inr carpal arch. Immediately after its origin, it gives off a small branch, 
wliieli runs along the ulnar side of the fifth metacarpal bone, and supiilics the ulnar 
side of the dorsal surface of the little finger. 

Th(‘, profunda branch (ramus volaris profundus) (fig. 599) passes between 
the Abductor minimi digiti and Flexor brevis minimi digiti, near their origins ; 
it anastomoses with the tcrininatioii of the radial artery, and completes the deep 
palmar arch. , 

The superficial palmar arch (arcus volaris superficialis) (fig. 598) is formed by 
the ulnar artery in the hand, and is usually completed on the outer side by a branch 
from the radialis indicis, but sometimes by the superficialis vola3 or by a branch 
from the prineeps pollicis of the radial artery. The arch passes across the palm, 
describing a curve, witli its convexity downwards. 

Relations. — The superficial palmar arcli is covered by the skin, the Palmaris 
brevis and the palmar fascia. It lies upon the annular ligament, the Flexor brevis 
and Oj)poncns minimi digiti, the tendons of the Flexor sublimis digitorum, the 
Lumbrical muscles, and the divisions of the median and ulnar nerves. 

Four digital arteries (aa. digitales volares communes) (fig. 598) are given off 
from the convexity of this arch. The innermost accomj)anies the inner digital 
branch of the ulnar nerve, and runs along the ulnar side of the little finger ; it is 
joined by a twig from the deep palmar arch or from the innermost palmar 
interosseous artery. The three outer run downwards in front of the three inner 
interosseous spaces, superficial to the corresponding nerves and Lumbrical muscles. 
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A little above the interdigital clefts they are joined by the palmar interosseous 
arteries, and by the inferior perforating branches of the dorsal interosseous arteries. 
Each then divides into coll^eral digital arteries (aa. digitales volares proprise) for 
the supply of the contiguous sides of the index, middle, ring, and little fingers. 
These collateral branches lie behind the corresponding digital nerves ; they 
anastomose freely in the subcutaneous tissue of the finger-tip, and by smaller 
branches near the interphalangeal joints. Each gives off a couple of dorsal brandies 
which anastomose with the dorsal digital arteries, and supply the soft parts on 
the back of the second and third phalanges, including the matrix of the finger-nail. 

Surface Marking . — The superficial palmar arch is represented by a curved line, starting 
from the outer side of the pisiform bone, and (tarried doT^u wards and outwards as far as 
the base of the thumb, with the convexity towards the lingers. The lowest point of the 
arch is usually on a level 'with the lower border of the outstretched thumb. 

The deep j)almar arch is situated about half an inch nearer to the carpus. 

Applied Anatomy. — Wounds of tlie palmar arches are of special interest, and are 
always difficult to deal w ith. Wlien the superlicial arch is wounded it is generally possible, 
enlarging the W'ound when necessary, to secure the vessel and tie it on both sides of the 
bleeding point or in cases where it is found impossible to encircle the vessel with a ligature, 
a pair of Wells’s artery clips may be applied and left on for tw'^enty-four or forty-eight 
hours. Failing this, the w'ound may be jdugged w'ith gauze and an outside dressing 
carefully bandaged on. The plug should be allow'ed to remain untouched for three or four 
days. It is useless in these (;ases to ligature one of the arteries of the forearm alone, and 
indeed simultaneous ligature of both radial and ulnar arteries above the wrist is often 
unsuccessful, on account of the anastomosis carried on by the carpal arches. Therefore, 
upon the failure of pressure^ to arrest hsomorrhage, it is expedient to apply a ligature to 
the brachial artery. When an incision for deep-seated suppuration in the tendon- 
sheath is required, the situation of the suiH^rffiaal arch must always be borne in mind, 
and the incisions phiccd either above or below it. The position of the digital branches 
of the artery must also Vjc remembered, and incisions must be made oj)posiie the head'' 
of the metacarpal bones and not between them. 


ARTERIES OF THE TRUNK 

The Descending Aorta 

The descending aorta is divided into two portions, the thoracic and 
abdominal y in correspondenee witli the two great cavities of the trunk in which 
it is situated. 


The Thoracic Aorta 

The thoracic aorta (aorta thoraealis) is contained in the back part of the 
posterior mediastinum. It commences at the low er border of the fourth thoracic- 
vertebra, and terminates in front of the lower border of the twelfth at the 
aortic opening in the Diaphragm. At its commencenu*nt, it is situated on 
the left side of the vertebral eolumn ; it approaches the median line as it 
descends ; and, at its termination, lies directly in front of the column. Its 
direction being influenced by the vertebral column, upon which it rests, 
the vessel describes a curve wliich is concave forwards. As the branches 
given off from it are small, its diminution in size is iiK.-onsiderablc. 

Relations. — It is in relation, in front, from above downwards, w^ith the root 
of the left lung, the pericardium, tlui a*sopliagus, and the Diaphragm ; behind, 
with the vertebral column, and the azygos minor veins ; on the right side, with 
the vena azygos major, and thoracic duct ; on the left side, with the left pleura 
and lung. Th(». oesophagus, with its accompanying nervt;s, lies on the right side 
of the aorta above ; but at the lower part of the thorax it is placed in front of 
the aorta, and, close to the Diaphragiri, is situated to its left side. 

Peculiarities . — 'liie aorta is occasionally found to be obliterated at the junction 
of the arch with the thoracic aorta, just IkjIow the ductus arteriosus. Whether this is 
the result of disease, or of congenital malformation, is immaterial to our present purpose ; 
it affords an interesting opportunity of observing the resources of the collateral circulation. 
The coiu-se of the anastomosing vessels, by w'hich the blood is brought from the upper 
to the lower part of the artery, will be found well described in an account of two cases 
in the ‘ Pathologioal Transactions,’ vols. viii- and x. In the former, »Sydney Jones 
thus sums up the detailed description of the anastomosing vessels : ‘ The principal 
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communicationB by which the circulation was carried on, were — ^Firstly, the internal 
mammary, anastomosing with the intercostal arteries, with the phrenic of the abdominal 
aorta by means of the miisculo -phrenic and comes ncrvi phrenici, and largely with the 
deep epigastric. Secondly, the superior intercostal, anastomosing anteriorly by means 
of a largo branch with the first aortic intercostal, and posteriorly with the posterior branch 
of the same artery. Thirdly, the inferior thyroid, by means of a branch about the size 
of an ordinary radial, forming a communication with the first aortic intercostal. Fourthly, 

Fig. 601. — Thoracic aorta from right side. 



the transversalis colli, by means of very large commiinioa lions with the posterior branches 
of the intcrcostals. Fifthly, the branches (of the subclavian and axillary) going to the 
side of the chest were large, and anastomosed freely with the lateral branches of the 
intcrcostals.’ In the second case Wood describes the anastomoses in a somewliat similar 
manner, adding the remark, that ‘ the blood which was brought into the aorta through 
the anastomoses of the intercostal arteries appeared to be expended principally in 
supplying the abdomen and pelvis ; while the supply to the lower extremities had passed 
through the internal mammary and epigastrics.’ 
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In a few cases an apparently double descending thoracic aorta has been found, the 
two vessels l3ang side by side, and eventually fusing to form a single tube in the lower part 
of the thorax or in the abdomen. One of them is the aorta, the other represents a 
dissecting aortic aneurysm which has become canalised, opening above and below into the 
true aorta, and at first sight presenting the appearances of a proper blood-vessel. 

Applied AncUomy . — The effects likely to be produced by aneurysm of the thoracic 
aorta, a disease of common occurrence, must now be (Jonsidcred. When the great depth of 
the vessel from the surface, and the number of important structures which surround it 
on every side are remembered, it may easily be conceived what a variety of obscure 
symptoms are likely to arise from disease of this part of the arterial system, and how 
they may be mistaken for those of other affections. Aneurysm of the thoracic aorta 
most usually extends backwards, along the left side of the vertebral column, producing 
absorption of the bodies of the vertebras, with curvature of the column ; while the irrita- 
tion or pressure on the spinal cord will give rise to pain, either in the chest, back, or loins, 
with radiating pain in the left upper intercostal spaces, from pressure on the intercostal 
nerves ; at the same time the tumour may project backwards on cither side of the vertebral 
column, beneath the integument, as a pulsating swelling, simulating abscess connected with 
diseased bone ; or it may displace the oesophagus, and compress the lungs on one or the 
other side. If the tumour extend forward, it may press upon and displace the heart, giving 
rise to palpitation and other symptoms of disease of that organ ; it may displace or compress 
the cDSophagus, causing pain and difficulty of swallowing, as in stricture of that tube ; and 
ultimately even open into it by ulceration, producing fatal haemorrhage. If the disease 
extend to the right side, it may press upon the thoracic duet ; or it may burst into the 
pleural cavity, or into the trachea or lung ; and lastly, it may open into the posterior 
mediastinum. Pressure on one of the bronchi, usually tko left, will caurie cough, and in 
time set up bronchiectasis ; pressure on the left pulmonary plexus has been said to give 
rise to asthmatic attacks. Of laic years, the diagnosis of thoracic aneurysm has been 
much facilitated by the employment of the a;-rays, by means of which the outline of the 
sac may be demonstrated. 


Blanches of the Thoracic Aorta 


Msceral ■{ 


Pericardial. 

Bronchial. 

GSsopliageal 

Mediastinal. 


Parietal 


Intercostal. 
Subcostal. 
Superior phrenic. 


The pericardial (rami pericardiaci) are a few sniall vessels, irregular in their 
origin, distributed to the pericardium. 

The bronchial arteries (aa. bronchialcs) vary in number, size, and origin. There 
is as a rule only one right hronchial which arises from the first aortic inter- 

costal, or from the upper left bronchial artery. The left hronchial arteries are 
usually two in number, and arise from the tlioracic aorta. The upper left bronchial 
arises opposite the fifth thoracic vertebra, the lower just below the level of the left 
bronchus. Each vessel runs on the back part of its bronchus, dividing and 
subdividing along the bronchial tubes, supplying them, the cellular tissue of the 
lungs, the bronchial glands, and the cesophagus. 

The oesophageal arteries (aa. o^sophagea*), usually four or five, in nuiiJber, arise 
from the front of the aorta, and pass oblicpiely dowTiw^ards to the oesophagus, 
forming a chain of anastomoses along that tube, anastomosing with the a^sopliageal 
branches of the inferior thyroid arteries above, and with ascending branches from 
the phrenic and gastric arteries below. 

The mediastinal branches (rami mod iastinales) are numerous small vessels which 
supply the glands and loose areolar tissue in the posterior mediastinal space. 

Intercostal arteriea (aa. intcrcostales). There are usually nine pairs of aortic 
intercostal arteries. They arise from the back of the aorta, and are distributed to 
the nine lower intercostal spaces, the first two spaces being supplied by the superior 
inte rcQstal branch of t he subcla yiuJi. The right aortic intercostals arc longer thafr 
tHelelt, on account of "tire position of the aorta on tlie left side of the vertebral column ; 
they pass across tin? bodies of the vertebnc behind the oesophagus, thoracic duct, 
4and vena azygos major, and are covered by the right lung and pleura. The left 
aortic intercostals run backwards on the sides of the vertebrae and are covered 
by the left lung and pleura ; the two upper vessels are crossed by the left superior 
intereps tij^.. yein, the lower vessels by azygos veins. The further course 

dr the intercostal arteries is practically the same^n”T)oTh sides, tih^ 

th® aynipathetic cor d pass ea downwards in fro nt of them^a nd the 
a pK cjipic ^ nerves also descend in"Tront^SBi TgiiveE *“EIact artery crosses 
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the corresponding intercostal space obliquely towards the angle of the upper rib, and 
thence is continued forward in the #bcostal groove. It is placed at first be,tween 
t h^e ple ura and the gosteriqr iiiterco membrane^uJien it pierces this 
a Mlj^es ^be tweeiiit and tl ie muscle as fax a§ the rib angle ; from 

this onward it runs^F^Eweeir’tKcTExie and Internal intercostal muscles, tmi, 
a nastomoses in fron^with the hranr.h of the internal mammary or 

muscu lb-plirehic. TBacK art er jHs accompanied by a vein and a Ticive, the formeit" 
MSlSflarb^ latter below the artery, except in tlie upper spaces, whore the 

nerve is at first above the artery. The highest aortic intercostal artery anastomoses 
with the superior intercostai, and may form the chief supply of the second 
intercostal space. The two lower intercostal arteries are continued anteriorly 
from the intercostal spaces into the abdominal wall, and anastomose with the 
subcostal, superior epigastric and lumbar arteries. 

Eac h int ercostal ^artery gives oft' the following branches : 

Posterior or dorsal. Collateral intercostal. 

Muscular. . Lateral cutaneous. 

The ‘posterior or dorsal branch (ramus posterior) runs with the posterior division of a 
spinal nerve and passes backwards through a small opening which is bounded above and 
below by the necks of the ribs and adjacent transverse processes, internally by the vertebral 
body, and externally by the anterior costo-transversc ligament. It gives off a spinal 
hrayich^ which enters the spinal canal through the intervertebral foramen and is distributed 
to the s])inal cord and its membranes, and to the bodies of the vertobrso, in llio same 
manner as the lateral spinal branches from the vertebral. 

The collateral intercostal branch comes off from the intercostal artery near the angle 
of the rib, and descends to the upper border of the rib below, along which it courses to 
anastomose with the anterior intercostal branch of the internal mammary. 

Muscular branches (rami musculares) are given to the Intercostal and Pectoral muscles 
and to the Serratiis magnus ; they anastomose with the superior and long thoracic branches 
of the axillary artery. 

The lateral cutaneous branches (rami cutanei lateralos) ao(5ompany the lateral cutaneous 
branches of the intercostal nerves, and di\ide into anterior and posterior branches. 

Mammary branches arc given off by tluj intercostal arteries in the third, fourth, and 
fifth spaces. They supply the mammary gland, and increase considerably in size during 
the period of lactation. 

Applied Anatomy.— T\\o position of the intercostal vessels should be borne in mind 
in performing the operation of para<!ento.sis thoracis. The puncture should never be made 
nearer the middle line posteriorly than the angle of the rib, as the artery crosses the space 
internal to this point. In the lateral portion of 'the chest, where the puncture is usually 
made, tluj artery lies ;i,t the upper part of the intercostal space, and therehiro the puncture 
should be made just above the upper border of the rib forming the loAver boundary of the 
space. 

The subcostal arteries, so named because they lie below the last ribs, constitute 
[ he lowest pair of branches derived from the thoracic aorta, and are in scries with the 
intercostal arteries. Each passes along tlie lower border of tlie twelfth rib behind 
the kidntly and in front of the Quadratus lumborum muscle, and is accompanied by 
the twelfth thoracic nerve. It then pierces the posterior aponeurosis of the 
Transversalis abdominis, and, passing forward between this muscle and the 
Internal oblique, anastomoses with the superior epigastric, lower intercostal, and 
lumbar arteries. 

The* superior phrenic branches (aa. phrenicae superiores) are small l^ranches 
arising from the lower part of the thoracic aorta ; they arc distributed to the 
posterior part of the upper surface of the Diapliragm, and anastomose with the 
musculo-phrcnic and comes nervi phrenici arteries. 

A small aberrant artery is sometimes found arising from the right side of the 
thoracic aorta near the origin of the right bronchial. It passes upwards and to the 
right behind the trachea and the cesopliagus, and may anastomose with the right 
superior intercostal artery. It represents the remains of the right dorsal aortic 
trunk, and in a small proportion of cases is enlarged to form the first part of the 
right subclavian artery. 

The Abdominal Aorta (fig. 602) 

The abdominal aorta (aorta abdominalis) commences at the aortic 
opening of the Diaphragm, in front of the lower border of the body of the 
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last thoracic vertebra, and, descending a little to the left side of the vertebral 
column, terminates on the body of the fourth lumbar vertebra, commonly 
a little’ to the left of the middle line,* by dividing into the two common 


Fig. 602. — The abdominal aorta and its branches. 



iliac arteries. It diminishes rapidly in size, in (consequence of the many large 
branches which it gives off. As it lies upon the bodies of the vertebrae, the 
curve which it describes is convex forwards, the summit of the convexity 
corresponding to the third lumbar vertebra. 

Eelations. — The abdominal aorta is covered, in front, by the lesser omentum 
and stomach, behind wliicli arc tlu^ branches of the c(eliac axis, and the solar 
plexus ; below these, l)y the splenic vein, the pancreas, the left renal vein, the 
tbird portion of the duodenum, the mesentery, and aortic plexus. Behind, 
.7^ it is seiJarated from the lumbar vertebra? and intervening discs by the anterior 

* Lord Lister, having acourafifly examined 80 bodies in order to ascertain the exact point 
of termination of this vessel, found it ‘ either absolutely, or almost absolutely, mesial in 15, 
while in 18 it deviated more or less to the left, and in two was slightly to the right .’ — System 
SuTfjery, edited by T. Holmes, 2nd eel. vol. v. p. U52. 
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common ligament and left lumbar veins. On tbe right side it is in relation above 
with the vena azygos major, rcceptaculum chyli, thoracic duct, and the right crus 
of the Diaphragm — the last separating it from the upper part of the- inferior 
vena cava, and from the right semilunar ganglion ; the inferior vena cava is in 
contact with the aorta below. On the left side arc the left crus of the Diaphragm, 
the left semilunar ganglion, the fourth part of the duodenum, and some coils of 
the small intestine. 


Surface Marking . — In order to map out the abdominal aorta on tho surface of the 
abdomen, a line'' must be draAvn from the middle line of the body, on a level with tho seventh 
costal (!artilages, downwards and slightly to the left, so that it just skirts tho umbilicus, 
to a zone drawTi round the body opposite the highest point of the crest of the ilium. This 
point is generally half an inch below and to the left of the umbilicus, but as tho position 
of this structure varies \vith the obesity of the individual, it is not a reliable landmark 
for the situation of tlie bifurcation of tlie aorta. 

Applied Aufitonfiij . — The abdominal aorta may be the seat of an aneurysm cither at 
its upper part, close to and often involving the c(eliac axis, or at its lower part, near the 
bifurcation. Occasionally aneurysms arc met with on some of the branches of the aorta, 
the mesenteric or splenic, quite independent of the main trunk. 

When an aneurysmal sac is connected Avith the back part of the abdominal aorta, it 
usually produces absorption of the bodies of the vertebras and forms a pulsating tumour 
that presents itself in the Itjft hypochondriacs or t oigastrio regions, and is accompanied by 
symjitoms of disturbance in the alimentary canal. Pain is invariably present, and is 
usually of two kinds— a lixod and constant pain in the back, caused by the tumour pressing 
on or displacing the branches of the solar plexus and splan(;hni(? nerves ; and a sharj) 
lancinating pain, radiating along those branches of the lumbar nerves which are pressed 
on by tho tumour : hence the, pain in the loins, the testes, the hypogastrium, and in the 
lower limb (generally of the left side). 'Jhis form of aneurysm usually bursts into the 
peritoneal cavity, or behind the peritoneum, in the left hypochondriac region ; or it may 
form a large aneurysmal sue, extending down as low as Poupart’s ligament. 

When an aneurysmal sac is (connected with the front of the aorta near the coeliac axis, 
it forms a pulsating tumour in the li*ft hypochondriac or epigastric regions, usually attended 
with symptoms of disiurbancu* of tho alimentary canal, as sickness, dyspepsia, or 
constipation, and accomiianied by pain, which is constant, but nearly always lixed, in 
the loins, epigastrium, or some ])art of tho abdomen ; the radiating pain being rare, as 
the lumbar nerves are seldom implicated. This form of aneurysm may burst into the 
peritoneal cavity, behind the peritoneum, between the layers of tho mesentery, or, 
more rarely, into tho duodenum ; it rarely extends backwards so as to affect the spine. 

Occlusion of the abdominal aorta by thrombosis or embolism is rare, but produces 
very severe Hymi)toms when it docs occur. The patient complams of intense pain in 
the legs ; pallor of the legs, followed by coldness, lividity, paresis, paralysis, and finally 
gangrene, are likely to succeed, death usually supervening within a fortnight. 

The abdominal aorta has boon tied several times, and although none of the patients 
l)erraancntly retsovored, still, as one case lived forty-eight days, tho possibility of the 
re-establishment of the circulation may be eonsidereil to be proved. 

Collateral Circulation . — The collateral circulation would be (laiTicd on by the anasto- 
moses between the internal mammary and the deep epigastric ; by the free communication 
between the superior and inferior mesenteries, if the ligature Avcrc placed above the latter 
vessel ; or by the anastomosis between the inferior mesenteric and the internal pudic, 
when (as is more common) the point of ligature is below the origin of the inferior mesenteric ; 
and possibly by the anastomoses of the lumbar arteries with tho branches of the internal 
iliac. • 

Beanciies of the Abdomixal Aobta 


The branches of the abdominal aorta may be divided into three sets 
visceral, parietal, and terminal. 

Visceral Branches, Parietal Branches. 


(Cl as trie. 
Coeliac axis Hepatit*. 

I Splenic. 
Superior mesenteric. 
Inferior mesenteru;. 
Suprarenal. 

Renal. 

Spermatic or Ovarian. 


Inferior phrenic. 
Lumbar. 

Middle sacral. 


Terminal Branches. 
Common iliacs. 


Of the visceral branches, the coeliac axis and the superior and inferior 
mesenteric arteries are single, while the suprarenal, renal, and spermatic or 



68S 


AKGIOLOGY 


ovarian are paired. The inferior phrenic and lumbar are paired parietal 
branches ; the middle sacral is unpaired. 


CcELiAC Axis (fig. 603) 

The coeliac axis artery (a. cmliaca) is a short thick trunk, about half 
an inch m length, which arises from the aorta, close to the margin of the 
opening iJi the Diaphragm, and, passing nearly horizontally forwards, divides 


Fig. 603. — ^The cceliac axis and its branches ; the liver has boon raised, and the 
lesser omentum and anterior layer of the great omentum removed. 



into three large branches, the gastric or coronary, tJie hepatic, and the eplenic ; 
it occasionally gives off one of the phrenic arteries. 

Relations. — The coeliac axis is covered by the lesser omentum. On the right 
side, it is in relation with the right semilunar ganglion and the lobus Spigelii : on 
the left side, with the left semilunar ganglion and cardiac end of the stomach. 
Below, it is in relation to the upper border of the pancreas, and the splenic vein. 

1. The gastric or coronary artery (a. gasirica sinistra), the smallest 
of the three branches of the qoeliac axis, passes upwards and to the left, behind 
the lesser sac of the peritoneum, to the cardiac orifice of the stomach, where 
it distributes branches to the oesojfijagiis (rami oosopbagei), which anastomose 
with tlie aortic oesophageal arteries ; others supply the cardiac end of the 
stomach, anastomosing with branches of the splenic artery. It then runs 
from left to right, along the lesser curvature of the stomach to the pylorus, 
between the layers of the lesser omentum ; it gives branches to both surfaces 
of the organ and at its termination anastomoses with the pyloric branch of 
the hepatic. 

2. The hepatic artery (a. hepatica), in the adult, is intermediate in 
size between the gastric and splenic ; in the foetus, it is the largest of the 
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three branches of the coeliac axis. It is first directed forwards and to the 
right, to the upper margin of the first pait of the duodenum, forming the 
lower boundary of the foramen of Winslow. It then passes upwards between 
the layers of the lesser omentum, and in front of the foramen of Winslow, 
to the transverse fissure of the liver, where it divides into two branches, right 
and left, which supply the corresponding lobes of that organ, accompanying 
the ramifications of the portal vein and hepatic ducts. The hepatic artery, 
in its course along the right border of the lesser omentum, is in relation with 
the common bile-duct and portal vein, the duct lying to the right of the artery, 
hnd the vein behind. 

Its branches are : 


Pyloric. 

Gasiro-duodenal 

C/ystic. 


Right gastro-epiploi(\ 

Superior pancreatico-duodenal . 


• The pyloric^ (a. gastrlca dextra) arises from the licpatic, above the pylorus, 
descends to the pyloric end of the stomach, r*nd passt^s from right to left along its 
lesser curvature, supplying it with branches, and anastoinoshig with the gastric 
branches of the coronary artery. 

Tlie gastro-duodenal (a. gastroduodenalis) (fig. 60-t) is a sht^rt but large branch, 
which descends, near the pylorus, behind the first portion of the duodenum, and 


Fio. ()04. — The cceliac axis and its branches ; Ihc stomach has been raised and 
the periloneum removed. 

JSrauchvH to grrat omentmn 



divides at the lower border of this viscus into two branches, the righi gastro-epiploic 
and the superior pancreaUco^duodenal. Previous to its division it gives of! two 
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or three small inferior pyloric branches to the pyloric end of the stomach and 
pancreas. 

The right gastro-epiploic (a. gastroei)iploicadextra)rujis from right to left along 
the greater curvature of the stomach, between the layers of the great omentum, 
anastomosing about the middle of the lower border of the stomach with the 
gastro-epiploic from the splenic artery. This vessel gives off numerous branches, 
some of which ascend to supply both surfaces of the stomach, while others descend 
to supply the great omentum. 

The superior pancreatico-duodenal (a. pancreaticoduodenalis superior) descends 
between the contiguous margins of the duodenum and pancreas. I| supplies 
both these organs, and anastomoses with the inferior pancreatico-duodenal branch 
of the superior mesenteric artery, and with the pancreatic branches of the splenic. 

The cystic (a. cystica) (fig. 603), usually a branch of the right hepatic, passes 
downwards and forwards along the neck of the gall-bladder, and divides into 
two branches, one of which ramifies on its free surface, the other between it and 
the surfaces of the liver. 

3. The splenic artery (a. lienalis), in the adult, is the largest of the 
three branches of the coeliac axis, and is remarkable for the extreme tortuosity 
of its course. It passes hoi*izontally to the left side, behind the peritoneum 
and along tlie upper border of the j)ancreas, accompanied by the splenic vein^ 
which lies below it ; it crosses in front of the upper part of the left kidney, 
and, on arriving near the spleen, divides into branches, some of which enter 
the hiluB of that organ between the two layers of the licno-renal ligament 
to be distributed to its structure ; some are distributed to the pancreas, whih; 
others pass to the greater curvature of the stomach between the layers of the 
gastro-splenic omentum. Its branches are : 

Pancreatic. Vasa brevia. 

Left gastro-epiploic. 

The pancreatic (rami pancroatici) arc numerous small branches derived from 
the splenic as it runs behind the upper bordw of the pancreas, supplying its middle 
and left parts. One of those, larger than the rest, is sometimes given off from the 
spi(3nic Jiear the Icit extnmiity of the pancreas ; it runs from left to right near the 
posterior surface of the gland, following the course of the pancreatic duct, and is 
called the pancreatica magna. These vessels anastomose with the pancreatic 
branches of the pancreatico-duodenal arteries, derived from the hepatic on the 
om*, hand and the superior mesenteric on the other. 

The vasa brevia (aa. gastrica' breves) consist of from five to seven small branches, 
which firise either from the end of the splenic artery, or from its terminal branches. 
They pass from left to right, between the layers of the gastro-splenic omentum, and 
arc distril)ut(;d to the greater curvature of the stomach, anastomosing with branches 
of the coronary and left gastro-epiploic arteries. 

The left gastro-epiploic (a. gastrocpiploica sinistra), the largest branch of the 
splenic, runs from left to right along the greater curvature of the stomach, between 
the layers of the great omcjitum, and anastomoses with the riglit gastro-epiploic. 
In its course it distributes several ascending })ranchcs to both surfaces of the 
stomach ; others descend to supply the omentum. 

Applied Anatomy . — Embolism of brandies of the splenic artery is tolerably common 
in heart disease, the embolus coming from the left side of the heart. It is characterised 
by tlic occurrence of a sudden sharp pain or ‘ stitch ’ in the splenic re^on, with subse- 
quent local enlargement of the spleen from the formation of an infarct in its substance. 

SiTPEiuou Mesenteric Artery (fig. 605) 

The superior mesenteric artery (a. mesenterica superior) is a vessel of 
large size which supplies the whole length of the small intestine, except the 
first part of the duodcjium : it also supplies the caecum and the ascending 
and transverse parts of the colon. It arises from the front of the aorta, about 
half an inch below the coeliac axis, and is covered at its origin by the splenic 
vein and the neck of the pancreas. It passes downwards and forwards, in 
front of the lower part of the head of the pancreas and third portion of Iho 
duodenum, and descends between the layers of the mesentery to the right 
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iliac fossa, where, considerably diminished in size, it anastomoses w’ith one 
of its own branches, viz. the ileo-colic. In its course it forms an arch, the 
convexity of which is directed forwards and downwards to the left side, 


Fig. 606. — The superior mesenteric artery and its branches. 



the concavity backwards and upwards to the riglit. It is accompanied by the 
superior mesenteric vein, which lies to its right side, and it is surrounded by 
the superior mesenteric plexus of nerves. Its branches are : 

Inferior pancreatico-duodenal. Ileo-colic. 

Vasa intestini tenuis. Right colic. 

Middle colic. 

The inferior pancreatico-duodenal (a. paucreaticoduodenalis inferior) is given 
off from the superior mesenteric or from its first intestinal branch, opposite the upper 
border of the third part of the duodenum. It courses to the right between the 
head of the pancreas and duodenum, and then ascends to anastomose with the 
superior pancreatico-duodenal artery. It distributes branches to the head of the 
pancreas and to the second and third portions of the duodenum. 

The vasa intestini tenuis (aa. intestinalcs) arise front the" convex side of the 
superior mesenteric artery. They are usually from twelve to fifteen in number, 
and arc distributed to the jejunum and ileum. They run parallel with one another 
between the layers of the mesentery, each vessel dividing into two branches, 
which unite with adjacent branches, forming a series of arches, the convexities of 
which are directed towards the intestine. From this first set of arches branches 
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arise, which unite with similar branches from above and below, and thus a second 
series of arches is formed ; and from th(\se lattei*, a third, a fourth, or even a 
fifth series of arches may be constituted, diminishing in size the nearer they approach 
the intestine. From the terminal arches numerous small straight vessels arise 
which encircle the intestine, upon which they are distributed, ramifying between 
its coats. Throughout their course small brancluss are given off to the lymphatic 
glands and otlier structures between the layers of the mesentery. 

The ileo-colic (a. ileocolica) is the lowest branch given oil from the concavity 
of the superior mesenteric arttny. It passes downwards and to the right behind 
the peritoneum towards the right iliac fossa, where it divides into two branches. 
Of these the inferior division anastomoses with the termination of the superior 
mesenteric artery ; the supeiior division anastomoses with the right colic. 

The descending branch of the ihio-colic runs towards the upper border of the 
ileo-csDcal junction and supplies the following brandies : 

(a) colic, which passes upwards on the ascending colon ; (?i) arUerior and pctftlcrior 
cmcal, which are distributed lo the front and back of the caecum ; (c) aq)pvn^icular 
(a. appendicularis) which passes downwards behind the termination of the ileum and 


Fia. 600. — Arteries of ca‘cum and vermiform appendix. 



runs in the meso -appendix close to its free margin for the supijly of the vermiform appendix ; 
and (d) ileal, which runs upwards and to the left on the lower part of the ileum, and 
anastomoses with the termination of the superior mesenteric (fig. 606). 

The right colic (a. colica (h*xtra) arises from about the middle of the concavity 
of the superior mesenteric artery ; it passes to the riglit beliind the peritoneum, 
and in front of tlie right spermatic or ovarian vessels, the right ureter and the 
Psoas, towards the middle of the ascending colon, where it divides into a descending 
branch, which anastomoses with the ileo-colic, and an ascending branch, which 
anastomoses with the middle colic. These branches form arches, from the 
convexity of which vessels arc distributed to the ascending colon. 

The middle colic (a. colica media) arises from the upper part of the concavity 
of the superior mesenteric, and, passing downwards and forwards between the 
layers of the ^transverse mesocolon, divides into two branches, right and left ; tlui 
former anastomoses with the right colic ; the latter with the left (lolic, a branch of 
the inferior mesenteric. From the arches thus formed, branches are distributed 
to the transverse colon. 
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Infeuior Mesenteric Artery (fig. 607) 

The inferior mesenteric artery (a. mesentcrica inferior) supplies the 
descending, iliac, and pelvic portions of the colon, and the greater part of the 
rectum. It is smaller than the superior mesenteric, and arises from the front 
and towards the left side of the aorta, between one and two inches above 
the division into the common iliacs. It passes downwards to the left iliac 
fossa, and then descends, between the layers of the pelvic mesocolon, into the 
pelvis, under the name of the superior hcemorrhoidal artery. It lies at first in 

Fio. 607. — The inferior mesenterio artery and its branches. 



close relation with the left side of the aorta, and then passes as the superior 
lia^morrhoidal in front of the left common iliac artery. Its branches are : 

Left colic. Sigmoid. Superior ha?morrhoidal. 

The left colic (a. colica sinistra) passes behind the peritoneum, in front of the 
loft kidney, to reach th(i descending colon ; it divides into an ascending branch 
which runs between the two layers of the transverse mesocolon and anastomoses 
with the middle colic, and a descending branch which anastomoses with the upper 
sigmoid artery. From the arches formed by these anastomoses branches are 
distributed to the descending colon. 

The sigmoid arteries (aa. sigmoideae) run obliquely downwards and outwards 
behind the peritoneum and in front of the Psoas and ureter to the iliac colon. 
They divide into branches which supply the lower part of the descending colon, the 
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iliac colon, and the pelvic colon ; anastomosing above with the left colic, and 
below with the superior hjemorrhoidal artery. 

The superior hsemorrhoidal (a. haemorrhoidalis superior), the continuation of 
the inferior mesenteric, descends into riie pelvis between the layers of the mesen- 
tery of the pelvic colon, crossing, in its course, the ureter and left common iliac 
vessels. It divides, opposite the third sacral vertebra, into two branches, which 
descend one on either side of the rectum, and about four or five inches from the anus 
break up into several small branches. These pierce the muscular coat of the bowel 
and run downwards, as straight vessels, placed at regular intervals from each other 
in the wall of the gut between its muscular and mucous coats, to the level of the 
internal sphincter ; here they form a series of loops around the lower end of the 
rectum, and communicate with the middle haemorrhoidal branches of the internal 
iliac, and with the inferior haunorrhoidal branches of the internal pudic. 

Applied AnaUmy . — Embolism of the mesenteric arteries produces acute and severe 
symptoms, of which the chief are abdominal pain and tenderness, nausea and vomiting, 
diarrheea or constipation, and intestinal obstruction; blood is found in the stools of 
nearly half the patients. 


Suprarenal Arteries (fig. 602) 

The suprarenal arteries (aa. suprarenales) are two small vessels which 
arise, one from either side of the aorta, oppositti the superior niesentorie artery. 
They pass obliquely upwards and outwards, over tlic crura of the Diaidiragm, 
to the under surface of the suprarenal glands, to which they arc distributed, 
anastomosing with suprarenal branches of the inferior phrenic and renal 
arteries. In the adult th(»sc arteri(\s are of small size ; in the feetus tliey are 
as large as the renal arteries. 

Renal Arteries (fig. 602) 

The renal arteries (aa. rcuales) arc two large trunks, wliich arise from 
the sides of the aorta, immediately below the sui^crior mesenteric artery. 
Each is directed outwards across the crus of the Diaphragm, so as to form 
nearlj^ a right angle with tlui aorta. The right is longer than the left, on 
account of the position of the aorta ; it passes behind the inferior vena cava. 
The loft is somewhat liigher than the right. Before reaching tlic hilus of the 
kidney, each artery divides into four or five branches ; the greater number 
of these lie between the renal vein and ureter, the vein being in front, tlie 
ureter beliind, but one branch is usually situated behind the ureter. Each vessel 
gives off some small branches to the suprarenal gland, the ureter, and the 
surrounding cellular tissue and muscles. One or two accessory renal arteries are 
frequently found, more especially on tlic left side : they usually arise from 
the aorta, and may come olf above or below the main artery, the former being 
the more common position. Instead of entering the kidney at the hilus, they 
usually pierce tlie upper or lower part of the gland. 

Spermatic and Ovarian Arteries 

The spermatic arteries (aa. spermaticae internse) (fig. 602) are distributed 
to the testes. They arc two slender vessels of considerable length, and arise 
from the front of tlie aorta a little below the renal arteries. Each artery passes 
obliquely outwards and downwards behind the peritoneum, resting on the 
Psoas magnus, the right spermatic lying in front of the inferior vena cava 
and behind tlie t(n*minal part of the ileum, the left behind the iliac colon. 
It cross(‘s obliquely over the ureter and the lower part of the external iliac artery 
to reach tlic internal abdominal ling, through which it passes, and accom- 
panies th(5 other constituents of the .spermatic cord along the inguinal canal 
to the scrotum, where it becomes tortuous, and divides into several branches. 
Two or three of these accompany the vas deferens, and supply the epididymis, 
anastomosing with the artery of the vas deferens ; others pierce the back 
part of the tunica albuginea, and supply the substance of the testis. The 
spermatic artery supplies one or two small branches to the ureter, and in 
the inguinal canal gives one or two twigs to the Cremaster. 
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The ovarian arteries (aa. ovaricae) are the corresponding arteries 
in the female to the spermatic in the male. They supply the ovaries, are 
shorter than the spermatic, and do not pass out of the abdominal cavity. 
The origin and course of the first part of each artery are the same as those of 
the spematic, but on arriving at the margin of the pelvis the ovarian artery 
passes inwards, between the two layers of the broad ligament of the uterus, 
to be distributed to the ovary. Small branches are given to the ureter 
and the Fallopian tube ; and one passes on to the side of the uterus, and 
anastomoses with the uterine artery. Other offsets are continued along the 
round ligament, through the inguinal canal, to the integument of the labium 
and groin. 

At an early period of foetal life, when the testes- or ovaries lie by the side 
of the vertebral column, below the kidneys, the spermatic or ovarian arteries 
are short ; but as these organs descend into the scrotum or pelvis, the arteries 
become gradually lengthened. 

Inferior Phrenic Arteries (fig. 602) 

Tlic inferior phrenic arteries (aa. plireiiicai infer] ores) are two small 
vessels, which present much variety in their origin. They may arise sepa- 
rately from the front of the aorta, imrn(Klial(‘ly above the coeliac axis, or by 
a common trunk, which may spring either froiu the aorta or from the coeliac 
axis. Sometimes one is derived from the aorta, and the other from one of 
the renal arteries. In only one out of thirty-six cases examined did these 
arteries arise as two separat(i vessels from the aorta. Th(\y diverge from one 
another across the crura of the Diaphragm, and tlum pass obliquely upwards 
and outw'ards upon its under surfacie. The left phrenic passes behind the 
oesophagus, and runs forwards on the left side of the oesophageal opening. 
The right plirenie passes behind the inferior vena cava, and ascends along 
the right side of the aperture which transmits that vein. Near the back i)art 
of the central tendon each vessel divides into an internal and an external 
branch. The internal branch runs forwards, supplying the Diaphragm, and 
anastomosing with its fellow of the oijposilc side, and with the inusculo-phrenic 
and comes nvxvi phrenici branches of the internal mammary. The external 
branch passes towards the side of the thorax, and anastomoses with the lower 
int(TCOstal arteries, and with the rausculo-phrenic. The internal branch of 
the right phrenic gives off a few vessels to the inferior vena cava ; and the 
left one, some branches to the oesophagus. Each vessel also sends glandular 
branches to the suprarenal gland of its own side. The spleen and the liver 
also receive a few branches from the left and right vessels respectively. 


Lumbar Arteries 

The lumbar arteries (aa. lumbales) are in smies with the intercostals. 
They are usually four in number on either side, and arise from the back part 
of the aorta, opposite the bodies of the upper four lumbar vertebrae. A fifth 
pair, small in size, is occasionally present : it arises from the middle sacral 
artery. They run outwards and backwards on the bodies of the lumbar 
vertebrae, behind the sympathetic cord, to the intervals between the adjacent 
transverse processes, and are then continued into the abdominal w'all. The 
arteries of the right side pass behind the inferior vena cava, and the upper 
two on each side run behind the corresponding crus of the Diaphragm. The 
arteries of both sides pass beneath the tendinous arches which give origin to 
the Psoas magnus, and are then continued behind this muscle and the lumbar 
plexus. They now cross the Quadratus lumborum, the upper three arteries 
running behind, the last usually in front of the muscle. At the outer border 
of the Quadratus lumborum they pierce the posterior aponeurosis of the Trans- 
versalis abdominis and are carried forwards between this muscle and the 
Internal oblique. They anastomose with the lower intercostals, the subc^ostal, 
the ilio-lumbar, the deep circumflex iliac, and the deep epigastric art(‘ries. 

Branches , — ^In the interval between the adjacent transverse processes each lumbar 
artery gives off a dorsal branch (ramus dorsalis) which is continued backwards between 
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the transverse processes and is distributed to the muscles and skin of the back. It gives 
off a spinal branch (ramus spinalis) which enters the spinal canal and is distributed 
in a similar manner to the lateral spinal branches of the vertebral (page 660). Muscular 
branches are supplied from each lumbar artery and from its dorsal branch to the 
neighbouring muscles. 


Middle Saciial Artery 

The middle sacral artery (a. sacralis media) is'a small vessel, which 
arises from the back of tlie aorta, at or a little above its bifurcation. It 
descends upon the last lumbar vertebra, and along the middle line of the front 
of the sacrum, to the upper part of the coccyx ; it anastomoses with the lateral 
sacral arteries, and terminates in the coccygeal body. From it, minute 
branches pass to the posterior surface of the rectum. Other branches are 
given off on each side, which anastomose with the lateral sacral arteries, and 
send offsets into the anterior sacral foramina. It is crossed by the left common 
iliac vein, and is accompanied by a j)air of venae comites ; these unite to form 
a single vessel, which ojDens into the left common iliac vein. 

Common Iliac Arteries (fig. 602) 

The abdominal aorta divides, on the left side of the body of the fourth 
lumbar vertebra, into the two common iliac arteries. Each is about two 
inches in length. They diverge from the termination of the aorta, pass 
dovTiwards and outwards to the margin of the pelvis, and divide, opposite 
the intervertebral disc between the last lumbar vertebra and the sacrum, 
into two branches, the external and internal iliac arteries : the former 
supplies the lower extremity ; the latter, the viscera and parietes of the 
pelvis. 

The right common iliac (fig. 608) is somc'what longer than the left, and 
passes more obliquely across the body of the last lumbear vertebra. In front of 
it are the peritoneum, the small intestines, branches of the sym})athetic nerves, 
and, at its point of division, the ureter. Behind, it is separjited from the bodies 
of the fourth and fifth lumbar vertebran, .and the intervening disc, by the 
two common iliac veins. On its outer side, it is in Delation, above, with the 
inferior vena cava and the right common iliac vein ; and, below, with 
th(‘ Psoas raagnus muscle. On its inner side, above, is the left common 
iliac vein. 

The left common iliac is in relation, in front, with the peritoneum, the 
small intestines, branches of the symj)athetic nerves, and the superior ha?mor« 
rhoidal artery ; and is crossed at its point of bifur(;ation by the ureter. It 
rests on the bodies of the fourth and fifth lumbar vertebrae, and the inter- 
vening disc. The left common iliac vein lies partly on the inner side of, and 
partly behind the artery ; on its outer side, the artery is in relation with the 
Psoas magnus muscle. 

Branches.— The common iliac arteries give off small branches to the 
peritoneum. Psoas magnus, ureters, and the surrounding (cellular tissue, and 
occasionally' give origin to the ilio-lumbar, or accessory renal arteries. 

Peculiarities. — The point of origin varies according to the bifurcation of the aorta. In 
three-fourths of a large number of causes, the aorta bifurcated either upon the fourth 
lumbar vertebra, or upon the disc between it and the fifth ; the bifurcation being, in one 
case out of nine, below, and in one out of eleven above this point. Tn about eighty per 
cent, of the cases the aorta bifurcated within half an inch above or below the level of the 
crest of the ilium : more frequently below than above. 

The poi?it of division is subject to great variety. In two-thirds of a large number of 
cases it w as bet^^ otiii the last lumbar vertebra and the upper border of the sacrum ; being 
above that point in one (jase out of eight, and below it in one case out of six. The left 
common iliac artery divides lower dowm more frequently than the right. 

The relative lengths, also, of the tA\o common iliac arteries vary. The right common 
iliac was the longer in sixty-throe cases ; the left in fifty-two ; while they were equal 
in fifty-three. Ike length of the arteries varied, in five-sevenths of the cases examined, 
from an inch and a half to three inches ; in about half of the remaining cases the artery 
was longer, and in the other half, shorter : the minimum length being less than half an 
Inch, the maximum four and a half inches. In rare instances, the right common iliac 
has been found wanting, the external and internal iliacs arising directly from the aorta. 
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Surface Marking . — Draw a line between the highest points of the iliac crests : this is 
usually half an inch below the umbilicus ; in this line take a point half an inch to the 
Jeft of the middle line. From this draw two lines to points midway between the 
anterior superior iliac spines and the symphysis pubis. These two diverging lines will 
represent the course of the common and external iliac arteries. Draw a second line 
corresponding to the level of the anterior superior spines of the ilium : the portion of the 
diverging lines between these two levels on either side will represent the course of the 
common iliac artery ; the portion below the lower zone, that of the external iliac artery. 

A'p'plied Anatomy . — The apj)lic;ation of a ligature to the common iliac artery may be 
required on account of aneurysm or hfemorrhage, implicating the external or internal 
iliacs-. The easiest and best method of tying the artery is by a transperitoneal route. 
The abdomen is opened, the intestines are draum to one side and the peritoneum 


Fic 3. 608. — ^Arteries of the pelvis. 



covering the artery divided ; the sheath is then opened and the needle passed from within 
outwards. On the right sidti great care must be exercised in passing the needle, since 
both the common iliac veins lie behind the artery. After the vessel has been tied, the 
ingision in the peritoneum over the artery should be sutured. Formerly there were 
two different methods by which the common iliac artery was tied, without opening the 
peritoneal cavity: (1) an anterior or iliac incision, by which the vessel was approa(3hed 
more directly from the front ; and (2) a posterior abdominal or lumbar incision, by which 
the vessel was reached from behind. 

Collateral Circulation . — The principal agents in carrying on the collateral (;irculation 
after the application of a- ligature to the common iliac are : the anastomoses of the hjemor- 
rhoidal brajpehes of the internal iliac with the superior haemorrhoidal from the inferior 
mesenteric ; of the uterine, ovarian, and vesical arteries of the opposite sides ; of the 
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lateral sacral with the middle sacral artery ; of the epigastric with the internal mammary, 
inferior intercostal, and lumbar arteries ; of the circuniflex iliac with the lumbar arteries ; 
of the ilio-lumbar with the last lumbar artery ; of the obturator artery, by means of 
its pubic branch, with the vessel of the ox)posito side and with the deep epigastric. 

Internal Iliac Arteiiy (fig. 608) 

The internal iliac or hypogastric artery (a. hypogastrica) supplies 
the walls and viscera of the pelvis, the buttock, the generative organs, and 
the inner side of the thigh. It is a short, thick vessel, smaller than the external 
iliac, and about an inch and a lialf in length. It arises at tlie bifurcation 
of the common iliac, opposite the lumbo-sacral articulation, and, passing 
downwards to the upper margin of tlie great sacro-sciatic foramen, divides 
into two large trunks, an anterior and a 'posterior. 

Relations. — It is in relation in front with the ureter, whicli separates it from 
the peritoneum ; behind, with the internal iliac vein, the lumbo-sacral cord, and 
the Pyriformis muscle ; on its outer side, near its origin, with the external iliac 
vein, which lies between it and the Psoas magnus muscle ; lower down, with the 
obturator ii(»rve. 

In the foetus, tlie internal iliac or hypogastric artery is twice as large as the 
external iliac, and is the direct continuation of the common iliac. It ascends 
along the side of the bladder, and runs upwards on the back of the anterior 
wall of the abdomen to the umbilicus, converging towards its fellow of the 
opposite side. Having jiassed through the umbilical opening, the tw'^o arteries, 
now termed umbilical, enter the umbilical cord, where they are coiled round 
the umbilical vein, and ultimately ramify in the placenta. 

At birth, when the placental circulation ceases, the pelvic portion only 
of the hypogastric artery remains patent and constitutes the internal iliac 
artery and tlio first part of the superior vesical artery of the adult ; t he 
remainder of the vessel is converted into a solid fibrous cord, the obliterated 
hypogastric artery (ligamentum umbilicale laterale), which extends from the 
pelvis to the umbilicus. 

Peculiarities as regards length. — in two-thirds of a large number of cases, the length 
of the internal iliac varied between an inch and an inch and a half ; in the remaining 
third it was more frecjuontly longer than shorter, the maximum length being three inches, 
the minimum half an inch. 

The lengths of tlie common and internal iliac arteries bear an inverse proportion to 
each other, the internal iliac artery being long when the common iliac is short, and vice 
versa. 

regards its place of division. — The place of division of the internal iliac varies between 
the upper margin of the sacrum and the upper border of the sacro-sciatic foramen. 

The right and left internal iliac arteries in a series of cases often diHored in length, 
but neither seemed constantly to exceed the other. 

Applied Anatomy. — The application of a ligature to the internal iliac artery may be 
required in cases of aneurysm or luvraorrhagc affecting one of its branches. The vessel 
may be best secured by an abdominal section in the median line, and reaching the vessel 
through the peritoneal cavity. It should be remembered that the vein lies behind, and 
on the right side, a little external to the artery, and in close contact with it ; the ureter, 
which lies in front, must also be avoided. The degree of facility in applying a ligature 
to this vessel will mainly depend upon its length. It has been seen tliat, in the great 
majority of the cases examined, the artery was short, varying from an inch to an inch 
and a half ; in those cases, the artery is deeply seated in the pelvis : when, on the contrary, 
the vessel is longer, it is found partly abovo that cavity. If the artery be very short, as 
occasionally happens, it would bo preferable to apply a ligature to the common iUac. 

Collateral GircvMion. — The circulation after ligature of the internal iliac artery is 
carried on by the anastomoses of the uterine and ovarian arteries ; of the vesical arteries 
of the two sides ; of the ha^morrhoidal branches of the internal iliac with those from 
the inferior mesenteric ; of the obturator artery, by means of its pubic branch, with 
the vessel of the opposite side, and with the eihgastric and internal circumflex ; of tho 
circumflex and perforating branches of the profunda femoris with the sciatic ; of the 
gluteal M'ith tho posterior branches of tho sacral arteries ; of the ilio-lumbar with the 
last lumbar ; of the lateral sacral with the middle sacral ; and of tho circumflex iliac 
uith tho ilio-lumbar and gluteal.* 

• For a description of a case in which Owen made a dissection ton years after ligature of 
the internal iliac arteiy, see Mvd.-Chir. Trmis. vol. xvi. 
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The branches of the internal iliac are : 


From the Anterior Trunk. 
Superior vesical. 
Middle vesical. 

Inferior vesical. 

Middle liaemorrhoidal. 
Obturator. 

Internal pudic. 

Sciatic. 

Vagind } thefermU. 


From the Posterior Trunk. 
Ilio-lumbar. 

Lateral sacral. 
Gluteal. 


The superior vesical (a. vesicalis superior) supplies numerous branches to the 
upper part of the bladder. From one of these a slender vessel, the artery to 
the vas deferens, takes origin and accompanies the vas deferens in its course 
to the testis, where it anastomoses with the spermatic artery. Other branches 
supply the ureter. As already explained, the h^st part of the supeiior vesical artery 
represents the terminal section of the pervious portion of th(‘. hypogastric artery. 

The middle vesical (a. vesicalis media), usually a branch of the superior, is 
distributed to the base of the bladder and under surface of the vesiculse seminales. 

The inferior vesical (a. vesicalis inferior) frequently arisijs in common with the 
middle hajmorrhoidal, and is distributed to the base of the bladder, the prostate 
gland, and the vesicula) seminales. The branches to the prostate communicate 
with the corresponding vessels of the opposite side. 

The middle hmmorrhoidal (a. hcemorrhoidalis media) usually arises together 
with the preceding vessel. It is distributed to the rectum, anastomosing with 
the inferior vesical and with the superior and inferior hoeniorrhoidal artencs. It 
gives offsets to the seminal v(»siclc and prostate gland. 

The uterine (a. uterina) (fig. 609) springs from the anterior division of the 
internal iliac and runs inwards on the Levator ani towards the cervix uteri ; about 


Fig. 609. — The arteries of the internal organs of generation of the female, 
seen from behind. (After Hyrtl.) 

Branches to 

Branches to funtius 



three-quarters of an inen from the cervix it crosses above and in front of the 
ureter, to which it supplies a small branch. Reaching the side of the uterus it ascends 
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in a tortuous manner between the two layers of tlie broad ligament to the junction 
of the Fallopian tube and uterus. It then runs outwards towards the hilus of the 
ovary, and terminates by anastomosing with the ovarian artery. It supplies branches 
to the cervix uteri and others which descend on the vagina ; the latter anastonaose 
with branches of the vaginal arteries and form with them two me^an longitudinal 
vessels— the azygos arteries of the vagina — which run down one in front and the 
other on the back of the vagina. It supplies numerous branches to the body^ of 
the uterus, and feom its terminal portion branches are distributed to the Fallopian 
tube and the i^und ligament of the uterus. . 

The vaginal (a* vaginalis) usually corresponds to the inferior vesical in the 
male ; it descends upon the vagina, supplying its mucous membrane, and sends 
branches to the bulb of the vestibule, the neck of the bladder, and the contiguous 
part of the rectum. It assists in forming the azygos arteries of the vagina, and 
IS frequently represented by two or three branches. 

The obturator (a. obturatoria) passes forwards and downwards on the lateral 
wall of the pelvis, to the upper part of the obturator foramen, and, escaping 
from the pelvic cavity through a short canal, formed by a groove on the under 
surface of the ascending ramus of the pubis and the arched border of the obturator 
fascia, it divides into an internal and an external branch. In the pelvic cavity 
this vessel is in relation, externally, with the obturator fascia ; internally, with 
the ureter, vas deferens, and peritoneum ; while a little below it, is the obturator 


Branches. — Inside the pclris, the obturator artery gives off an iliac branch to the iliac 
fossa, which siipjilies the bone and llu* lliaeus muscle, and anastomoses with the ilio-liimbar 
artery ; a vesical branchy which ruT»s l)ack wards to supply the bladder ; and a jmhic branchy 
which is given off from the vess<d just before it leaves the pelvic cavit\. The pubic 
branch ascends upon the back of the pubis, communicating with offsets from the deep 
epigastric artery, and with the corresponding vessel of the opposite side ; it is sometimes 
l)laced on the inner side of the femoral ring. 

Ovtside the pelvis, the obturator artery divides into an ititcrml and an extertial branch. 
which are deeply situated luMieatli the Obturator cxterrnis. 

The internal branch curves dow'iiuards along the inner margin of the obturator foramen^ 
lying beneath the Obturator externns muscle ; it distributes hraiichos to tlie Obturator 
externus, Pectincus, Adductors, and Gracilis, and anastomoses with the external braneh, 
and w'ith the inienial circumllex artery. 

The external branch curves round the outer margin of the foramen, also lying beneath 
the Obturator externns muscle, to the sjiace between the (huncllus inferior and Quadratus 
fomoris, where it divides into two braneh(;s. One, tin? smaller, courses inwards around the 
lower margin of the foramen and anastomoses wit.h the internal branch and with the 
internnl (urcufutlex ; the othtir inclines outwards in the groove below the acetabulum, 
and supplies the muscles attached to the tuberosity of the ischium and anastomoses wdth 
the sciatic artery. It sends through the cotyloid notch a branch to the hip-joint, which 
ramifies on the round ligament tvs far as the head of the femur. 

Peculiarities. — The obturator artery sometimes tiriscs from the main stem or from the 
posterior trunk of the iiTternal iliac, or it may sjtring from the gluteal arterjr . Occasionally 
it tirises from the external iliac. In about two out of (jvory sevtui cases it springs from 
the deep epigastric and descends almost vertically to the upper part of the obturator 
foramen. The artery in this course usually lies in contact with the external iliac vein. 


Fjo. GIO. — Variations in origin and course of obturator artery. 



and on the outer side of the femoral ring (fig. 610 , a) ; in such eases it would not be 
endangered in the operation for femoral hernia. Occasionally, however, it curves inwards 
along the free margin of Gimbernat’s ligament (fig. 610 , b), and if in such circumstances 
a femoral hernia occurred, the vessel would almost completely encircle the neck of the 
hernial sac, and would be in great danger of being wounded if an operation were performed 
for strangulation. 
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The internal pudic (a. pudenda interna) is the smaller of the two term&ial 
branches of the anterior trunk of the internal iliac, and supplies the external organs 
of generation. Though the course of the artery is the same in the two sexes, the 
vessel is much smaller in the female than in the male, and the distribution of its 
branches somewhat different. The description of its arrangement in the male 
will first be given, and subseijuently the differences which it presents in the female 
will be mentioned. 

The internal pudic artery in the male passes downwards and outwards to the 
lower border of the great sacro-^ciatic foramen, and emerges from the pelvis between 
the Pyriformis and Coccygeus muscles ; it then crosses the spine of the ischium, 
and enters the perinsBum through the lesser sacro-sciatic foramen. The artery 
now crosses the Obturator internus muscle, along the outer wall of the ischio- 
rectal fossa, being situated about an inch and a half above the lower margin of the 
ischial tuberosity. It gradually approaches the margin of the ramus of the ischium 
and passes forwards between the two layers of the triangular ligament of the 
perinceum ; it then runs forwards along the inner margin of the ramus of the pubis 
and about half an incli behind the sub-pubic ligament it pierces the superficial 
layer of the triangular ligament and divides into its two terminal branches, the 
dorsal artery of the 'penis and the artery of the corpus cavernosum. 

Relations. — Within the pelvis, it lies in front of the Pyriformis muscle, the 
sacral plexus of nerves, and the sciatic artery, and on the outer side of the rectum 
(on the left side). As it crosses the spine of the ischium, it is covered by the 
(Tliiteus inaximus and overlapped by the great sacro-sciatic ligament. Here the 
j)iidic nerve lies to the inner side and the nerve to the Obturator internus to the 
outer side of the vessel. In the perinajiim it lies on the outer side of the ischio- 
r(‘ctal fossa, in a canal (Aleoch\s canal) formed by the splitting of the obturator 
fascia. It is accompanied by the pudic veins and the pudic nerve. 

Pecaliarifies . — Ibe internal pudie is sometimes smaller than usual, or fails to eive off 
one or two of its usual branches ; in sueh eases the deficiency is supplied by branches 
derived from an additional vessel, tlu^ accessory pudic, which generally arises from the 
internal pudic artery before its exit from the great sacro-sciatic foramen. It passes 
forwards along the lower part of the bladder and across th(5 side of the prostate gland to 
the root of the penis, where it perforates the triangular ligament, and gives off the branches 
usually derived from the pudu? artery. The deficiency most fre(|uently met with is that 
ill which the internal piulic ends as the artery of the bulb, the artery of the corpus caver- 
nosum and the dorsal artery of the penis being derived from the aci*essory pudie. The 
pudie artery may also terminate' as the superficial perineal, the artery of the bulb being 
derived, with the otheir two branches, from the ae(;essory vessel. ()(.*easionally the accessory 
pudic artery h] derived from one of the other branches of the internal iliac, most frecjuently 
the inferior vesical or the obturator. 


Branches. — 1'hc branches of the internal pudic artery are : 

Muscular. Transverse perineal. 

Inferior ha3m()rThoidal. Artery of the bulb. 

Superficial perineal. Artery of the corpus cavernosum. 

Dorsal artery of the penis. 

• 

1’ho muscMlar branches consist of two sets : one given off in the pelvis ; the other, as 
the vessel crosses the ischial spine. The former consists of several small offsets which 
supi)ly the Levator ani, the Obturator internus, tine Pyriformis, and the Coccygeus muscles. 
The branches given off outside the pelvis arc distributed to the adjacent part of the Gluteus 
maximus and external rotator muscles. They anastomose with branches of the sciatic 
artery. 

The inferior hcemarrlujidal (a. hsemorrhoidalis inferior) (fig. fill) arises from the interna 
pudic as it passes above the tuberosit y of the ischium. Piercing the wall of Alcock’s canal 
it divides into two or throfe branches which cross tlie ischio-rectal fossa, and are distributed 
to the muscles and integument of the anal region, and send offshoots round the lower 
edge of the Gluteus maximus to the skin of the buttock. They anastomose with the 
corresponding vessels of the opposite side, with the superior and middle haemorrhoidaJ, 
and with the transverse and superficial perineal arteries. 

The superficial perineal (a. perinoi) supplies the scrotum and the muscles and integument 
of the porinsBum. It arises from the internal pudic, in front of the preceding branches, 
and turns upwards, crossing either over or under the Transversus porinsBi muscle, and runs 
forwards, parallel to the pubic arch, in the interspace between the Ejaoulator uriria^ and 
Erector penis muscles, both of which it supplies, and is finally distributed to the skin and 
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daftos muHcle of the scrotum. In its passage through the pcrinaDum it lies under cover 
of the superficial perineal fascia. 


Fio. 611, — ^The superficial branches of the internal pudic artery. 



Fia. ()12. — The deeper branches of the internal pudic artery. 



The transverse pineal is a small branch which arises either from the internal pudic, 
or from the superficial perineal artery as it crosses the Transversus perinsei muscle. It 
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runs transversely inwards along the cutaneous surface of the Transversus perinasi muscle* 
and anastomoses with the corresponding vessel of the opposite side and with the super- 
ficial perineal and inferior haBmorrhoidal arteries. It supplies the Transversus porinaei and 
the structures between the anus and the bulb of the urethra. 

The artery o f the hvXb (a. bulbi urethrao) (iig. 612) is a short vessel of large calibre which 
arises from the intt^rnal pudic between tlie two layers of the triangular ligament ; it passes 
nearly transversely inwards through the fibres of the Compressor urethr*® muscle, pierces 
the superficial layer of the 

triangular ligament, and gives Fig. 613. — The arteries of the gluteal and posterior 
off branches which ramify in femoral regions. 


the bulb of the urethra. It 
is then continued forwards in 
the corpus spongiosum to the 
glans penis. It gives off a small 
branch to Cowper’s gland. 

The artery of the corpus 
cavernosum (a. profunda penis), 
one of the terminal branches 
of the internal jiudic, arises 
from ihat vessel while it is 
situated between the two layers 
of the triangular ligament ; it 
pierces the superficial layer, 
and, entering the crus penis 
obliquely, runs forwards in the 
centre of the corpus caver- 
tiosum, to which its branches 
are distributed. 

The dorsal artery of the penis 
(a. dorsalis penis) ascimds 
between the crus and the pu bi(j 
symphysis, and, piercing the 
triangular ligament, ])assos 
between the t<wo layers of the 
suspensory ligament of the 
penis, and runs forN^ards on 
the dorsum of the penis to the 
glans, whore it divides into 
two branches, which supply 
the glans and prepuce. On the 
penis, it lies between the dorsal 
nerve and deep dorsal vein, 
the former being on its outer 
side. It siipjdies the integu- 
ment and fibrous sheatli of 
the corpus cavernosum, send- 
ing branches through the sheath 
to anastomose with the pre- 
ceding vessel. 

The internal pudic artery 
in the female is smaller than 
in the male. Ifs origin 
and course are similar, and 
there is considerable analogy 
ill the distribution of its 
branches. The superficial 
perineal artery supplies the 
labia pudendi ; the artery of 
the bulb supplies the bulbus 
vestibuli and the erectile 



tissue of the vagina ; the 

artery of the corpus cavernosum supplies the cavernous body of the clitoris ; and 
the arteria dorsalis clitoridis supplies the dorsum of that organ, and terminat(^s in 
the glans and in the membranous fold corresponding to the prepuce of the mah'... 

The sciatic artery (a. gluteea inferior) (fig. 613), the larger of the two terminal 
’ branches of the anterior trunk of the internal iliac, is distributed chiefly on the buttock 
and bagk of the thigh. It passes down on the sacral plexus of nerves and the 



704 


ANGIOLOGY 


Pyriformis muscle behind the internal pudic artery to the lower part of the great 
sacro-sciatic foramen, through which it escapes from the pelvis between the 
Pyriformis and Coccygeus. It then descends in the interval between the great 
trochanter of the femur and tuberosity of the iscldum, accompamed by the 
sciatic nerves, and covered by the Gluteus inaximus, and is continued down 
the back of the thigh, supplying the skin, and anastomosing with branches of 
the perforating arteries. 

Inside the pelvis it distributes branches to the Pyriformis, Coccygeus, and 
Levator ani muscles ; some haiinorrhoidal branches, which supply the rectum, 
and occasionally take the place of the middle hamiorrhoidal artery ; and vesical 
branches to the base and neck of the bladder, vesicuhe seminales, and prostate 
gland. Outside the pelvis it gives off the following branches : 

Muscular. Anastomotic. 

(Coccygeal. Articular. 

Comes nervi ischiadici. Cutaneous. 

Tho muscular branches 8upi)1y Uic Gluteus maximus, anastomosing with the gluteal 
artery in the substance of the muscle ; the external rotjitors, anastomosing with the internal 
])udie artery ; and tho muscles attached to the tuberosity of tho ischium, anastomosing 
witli the external branch of tlie obturator and tho internal circumflex arteries. 

The coccygml branch runs inwards, pierces tho great sacro-sciatic ligament, and supplies 
the Gluteus maximus, the integument, and other structures on the back of the coccyx. 

The comes nervi ischiadici (a. comitans n. ischiadici) is a long, slender vessel, which 
accompanies tho great sciatic nerve for a short distance ; it then penetrates it, and runs in 
its substance to the lower part of the thigh. 

The amistomotic is directed downwards afU'oss the external rotators, and assists in 
forming tho so-called crucial anastomosis by anastomosing with the superior perforating 
and internal and external circumflex arteries. 

The articular branchy generally derived from the anastomotic, is distributed to the 
capsule of the hip-joint. 

The cvJbaneous branches are distributed to the skin of the buttock and back of the thigh. 

The ilio-lumbar artery (ii. iliohimbalis), given off from the posterior trunk of 
the internal iliac, turns upwards and outwards behind tlu^ obturator nerve and 
the external iliac vess(*ls, to the hme.r margin of the Psoas muscle, behind wdiich 
it divides into a lumbar and an iliac braneb. 

The lumbar branch (ramus liimbalis) Bux)plies the Psoas and Quadratus lumborum 
musclos, anastomoses w ith tlie last lumbar artery, and sends a small spinal branch througli 
the intervertebral foramen between the last lumbar vertebra and the sacrum, into the 
spinal canal, to supply the cauda equina. 

The iliac branch (ramus iliacus) descends to .supply the lliacus muscle ; some offsets, run- 
ning between the muscle and the bone, anastomose with the iliac branch of the obturator ; 
one of those enters an obliipie canal to suiqily the diploc, while others run along the crest of 
the ilium, distributing branches to the gluteal and abdominal muscles, and anastomosing 
in their course with tho gluteal, circumflex iliac, and external circumflex arteries. 

The lateral sacral arteries (aa. sacrales laterales) (fig. 608) are usually two in 
number on either side, superior and inferior. 

The superior, which is of large size, passes inw'ards, and, after anastomosing 
w'ith branches from the middle sacral, enters the first or second anterior sacral 
foramen, supplies branches to the contents of the sacral canal, and, escaping by 
the corresponding postmior sacral foramen, is distributed to the skin and muscles 
on the dorsum of the sacrum, anastomosing with the gluteal. 

The inferior passes obli(ju(dy across the front of tho Pyriformis muscle and 
sacral nerves to the inner side of the anterior sacral foramina, descends on the 
front of the sacrum, and anastomoses over the coccyx with the middle sacral and 
opposite lateral sacral artery. In its course it gives off branches, which enter 
the anterior sacral foramina ; these, after suppling the contents of the sacral 
canal, escape by the posterior sacral foramina, and are distributed to the muscles 
and skin on the dorsal surface of the sacrum, anastomosing with the gluteal. 

The gluteal artery (a. glutaea superior) is the largest branch of the internal iliac, 
and appears to be the continuation of the posterior division of that vessel. It is a 
short, thick trunk, whicli runs backwards between the lumbo-sacral cord and the 
first sacral nerve, and, passing out of the pelvis above the upper border of the 
Pyriformis muscle, immediately divides into a superficial and a deep branch. Within 
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the pelvis it gives off a few muscular branches to the Iliacus, Pyriformis, and 
Obturator internus, and just previous to quitting that cavity, a nutrient artery 
which enters the ilium. 

The superficial branch enters the deep surface of the Gluteus maximus, and 
divides into nuniorous branches, some of which supply the muscle, while others 
perforate its tendinous origin, and supply the integument covering the posterior 
surface of the sacrum, anastomosing with the posterior branches of the sacral 
arteries. 

The deep branch lies under the Gluteus medius and almost immediately sub- 
divides into two. Of these, the superior division, continuing the original course 
of the vessel, passes along the upper border of the Gluteus minimus to the anterior 
superior spine of the ilium, anastomosing with the circumflex iliac and ascending 
branches of the external circumflex artery. The inferior division crosses the 
Gluteus minimus obliquely to the trochanter major, distributing branches to the 
Gluteus muscles, and anastomoses with the external circumflex artery. Some 
branches pierce the Gluteus minimus to supply the liip-joint. 

Surface Marking. — The three main branches of the internal iliac, tho sciatic, intern«al 
pudic, and gluteal, may occasionally be the objects of surgical interference, and theii 
positions are indicated on the surface in the following way. With the limb slightly Hexed 
and rotated inwards draw a lino from the postci or superior iliac spine to tho posterior 
superior angle of the groat trochanter : tlic point of omergonce of tho gluteal artery from 
the upper part of the great sacro-sciatic foramen will corriispoiid with the junction of the 
upper with tho middle third of this line. Draw a sec.ond lino from the posterior superior 
iliac spine to the outer part of Iho tulierosity of tho ischium ; the junction of tho low^er 
with the middle third marks the point of omcrgence of the sciatic and pudic arteries from 
the great saci o-sciati(i foramen. 

Applied Anatomy. — Any of these three vessels may require ligaturing for a wound or 
for aneurysm, w^hicli is generally traumatic. The gluteal artery is ligatured by turning 
tho patient two-thirds over on to his face and making an incision from the posterior 
superior spine of tho ilium to the upper and posterior angle of the great trochanter. This 
must expose the Gluteus maximus muscle, and its fibres are to be separated through the 
whole thickness of the muscle and pulled apart with retractors. Tho contiguous margins 
of the Gluteus medius and P3rriformis are now to be sex>aratod from each other, and the 
artery will bo exposed emerging from tho sciatic notch. In ligature of the sciatic artery, 
the incision should be made parallel w'ith that for ligature of the gluteal but an inch and 
a half lower down. After tho fibres of tho Gluteus maximus have been separated, the vessel 
is to bo sought for at the lower border of the Pyi’iformis ; the great sciatic nerve, which 
lies just above it, forms the chief guide to the artery. 

External Iliac Artery (fig, 608) 

The external iliac artery (a. iliaca externa) is larg(jr than the internal 
iliac, and passes obliquely downwards and outw^ards along the inner border 
(»f the Psoas muscle, from tho bifurcation of the common iliac to a point beneath 
Poupart’s ligament, inid\vay between the anterior superior spine of the ilium and 
the symphysis pubis, where it enters the thigh and becomes the femoral artery. 

Relations. — In front, the artery is in relation with the peritoneum, subperitoneal 
areolar tissue, the termination of the ileum on the right side, and the ilio-pelvic 
colon on the left,* and a thin layer of fascia, derivc^d from the iliac fascia, which 
surrounds the artery and vein. At its origin it is crossed by the ovarian vessels 
in the female, and occasionally by tho urct(ir. The spermatic vessels lie for some 
distance upon it near its termination, and it is crossed in tliis situation by the genital 
branch of the genito-crural nerve and the deep circumflex iliac vein ; the vas 
deferens in the male, and the round ligament in the female, curve down along its 
inner side. Behind, it is in relation with the inner border of the Psoas muscle, 
from which it is separated by the iliac fascia. At the upper part of its course, 
the external iliac vein lies partly behind it, but lower down Hes entirely to its inner 
side. Externally, it rests against the Psoas magnus, from which it is separated by 
the iliac fascia. Numerous lymphatic vessels and glands lie on the front and on 
the inner side of the vessel. 

Surface Marking, — ^The surface line indicating the course of the external iliac artery 
has been already given (see page 697). 

Applied Anatomy, — The application of a ligature to the external iliac may be required 
in cases of aneurysm of the femoral artery, ilio-femoral aneurysm, or for a wound of the 
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artery. The vetiRel may be secured in any part of its course, excepting near its upper 
end, which is to be avoided on account of the proximity of the internal iliac, and near 
its lower end, which should also bo avoided on account of the proximity of the deep 
epigastric and circumflex iliac vessels. The operation may bo performed by opening the 
abdomen and incising the peritoneum over the artery (transperitoneal) ; or by an 
incision in the iliac region, dividing all the structures down to the peritoneum, which 
is then reflected inwards unopened from the iliac fossa until the artery is reached 
(retroperitoneal). 

Transperitimeal ligature. — An incision four inches in length is made in the semilunar 
line, commencing about an inch below the umbilicus, and carried through the abdominal 
wall into the peritoneal cavity. The intestimis are then pushed upwards and held out of 
the way by a broad abdominal retractor, and an incision made through the peritoneum 
at the margin of the pelvis in the course of the artery : the vessel is secured in any part of 
its course which may seem d(^Birablc to the operator. The advantages of this operation 
appear to be, that if it is found necessary the common iliac artery can be ligatured instead 
of the external iliac without extension or modification of the incision ; and secondly, that 
the vessel can be ligatured without in any way interfering with the sac of an aneurysm. 

The retroperitoneal ligature may be performed either by the modified Abernethy’s 
method, which consists in making an incision from an inch above and internal to the 
anterior superior spine of the ilium in a curved direction, with its convexity outwards and 
downwards to a point an inch and a half above the middle of Poupart’s ligament ; or 
by Astley (hooper’s method, in which an incision is made in a curved direction from a 
little above and outside the external abdominal rmg to an inch from the inner side of 
the anterior superior spinous process of the ilium. In both, the abdominal muscles and 
transversalis fascia having been cautiously divided, the peritoneum should bo separated 
from the iliac fossa and raised towards the pelvis ; and on introducing the finger to the 
bottom of the wound, the artery may bo felt pulsating along the inner border of the Psoas 
muscle. 'J'ho external iliac vein is generally found on the inner side of the artery, and 
must bo cautiously separated from it by the finger-nail, or handle of the knife, and the 
aneurysm needle should be intn)ducod on the inner side, between the artery and vein. 

Collateral Circulation. — The principal anastomoses in carrying on the collateral 
circulation, after the application of a ligature to the external iliac, are : the ilio-lumbar 
with the circumflt'.x iliac ; the gluteal with the external circumflex ; the obturator with 
the internal circumflex ; the sciatic with the superior ptjrforating and circumflex branches 
of the profunda artery ; and the internal pudic with tht3 external pudi(!. When the 
obturator arises from the epigastric, it is supplied with blood by branches, from either the 
internal iliac, the lat(‘ral sacral, or the internal i)udic. The epigastric receives its supply 
from the internal mammary and inferior intercostal arteries, and from the internal iliac 
by the anastomoses of its branches with the obturator.* 

Branches.' -Besides so voral small bramdios to the Psoas magnus and the 
neighbouring lyrnpluitio glands, the external iliac gives off two branches of 
considci’able size : 


Deep epigastric Deep circumflex iliac. 

The deep epigastric artery (a. epigastrica inferior) arises from the external iliac, 
immediately above Poupart’s ligament. It curves forwards below the peritoneum, 
and then ascends obliquely along the inner margin of tlie internal abdominal ring, 
between the transversalis fascia and peritoneum ; continuing its course upwards, 
it pierces the transversalis fascia, and, passing in front of the semilunar fold of 
Douglas, ascends between the Kectus and the posterior lamella of its aponeurotic 
sheath. It finally divides into numerous branches, which anastomose, above the 
umbilicus, with the superior epigastric branch of the internal mammary and with 
the lower intercostal arteries (fig. 593). As the deep epigastric artery passes 
obliquely upwards and inw^ards from its origin it lies along the lower and inner 
margin of the internal abdominal ring, and behind the commencement of the 
spermatic cord. This part of the vessel is crossed by the vas deferens in the male 
and the round ligament of the uterus in the female. 

The branches of the vessel are : the cremasteric (a. spermatica externa), which 
accompanies the spermatic cord, and supplies the Cremaster muscle and other 
coverings of the cord, anastomosing with the spermatic artery (in the female it is 
very small and accompanies the round ligament) ; a pubic branch (ramus pubicus) 
which runs along Poupart’s ligament, and then descends behind the pubis to 
the inner side of the femoral ring, and anastomoses with offsets from the obturator 

♦ Sir Astley Cooper describes in vol. i. of the IlotpitaJ lUporU the dissection of a 
limb eighteen years after successful ligature of the external iliac artery. 
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artery ; muscular branches, some of which arc distributed to the abdominal muscles 
and peritoneum, anastomosing with the lumbar and circumflex iliac arteries; 
branches which perforate the tendon of the External obliques, and supply the 
integument, anastomosing with branches of the superficial epigastric. 

Peculiarities . — The origm of the deep epigastric may take place from any part of the 
external iliac between Poupart’s ligament and a point two inches and a half above it ; or 
it may arise below this ligament, from the femoral, ft frequently arises from the external 
iliac;, by a common trunk with the obturator. Sometimes it arises from the obturator, the 
latter vessel being furnished by the internal iliac, or it may be formed of two branches, one 
derived from the external iliac, the other from the internal iliac. 

Applied AnaJtmny . — The deep epigastric artery follows a line drawn from the middle 
of Pou])art’s ligament towards the umbilicus ; but shortly after this lino crosses the linea 
semilunaris, the direction changes, and the course of the vess(d is upwards along the lino 
of junction of the inner with the middle third of the Rectus abdominis. It has important 
surgical relations, and is one of the principal means, through its anastomosis with the 
internal mammary, of esiablishing the collateral circulation after ligature of cither the 
common or external iliac arteries. It lies close to the internal abdominal ring, and is 
therefore internal lo an oblique inguinal hernia, but exkrnal to a direct inguinal hernia, 
as these emerge from the abdomen. It forms the outer boundary of Hcssclbach’s triangle, 
and is in close relationship with the Hj)crmatic cord, which lies in front of it in the inguinal 
canal, separatcul only by tluj 1 ransversalis fas( ' i. The vas deferens hooks round its 
outer side. 

The deep circumflex iliac artery (u. circumflexa ilium profunda) arises from the 
outer side of the external iliac nearly opt osite the deep epigastric artery. It ascends 
obliquely outwards Ixdiind J’oupart's ligament, contuined in a fibrous sheath 
formed by the junction of the transversalis and iliac fasciin, to the anterior superior 
spine of the ilium, vvhi‘r(*, it anastomoses with the ascending branch of the external 
circumflex artery. It then pierces the transversalis fascia and passes along the 
inner surface of tln^ crest of the ilium to about its middle, wdiere it perforates tlie 
Transversalis, and runs backwards between that muscle and tin*, Internal oblique., 
to anastomose with tin*, ilio-lumbar and gluteal arteries. Oi)posite the anterior 
superior spine of tin* ilium it gives oil a large braiudi, which ascends betw'cen the 
Internal obli(|ue and Transversalis muscles, sui)p]ying them, and anastomosing 
with the lumbar and (Epigastric arteries. 


ARTERIES OF THE LOWER EXTREMITY 

The artery which supplies the greater part of tlje lower extremity is the 
direct continuation of the external iliac. It (EOJitiniKES as a single trunk from 
Pouyiart's ligament to tlic lower border of Popliteus muscle, where it 
divides into two branches, tluE anterior and posterior tibial. The ujiper part 
of the main trunk is named tln^ femoral, the low'cr part the popliteal, 

Femoual Artery (figs. 617, 618) 

The femorctl artery (a. femoralis) commences immediately behind 
Poupart’s ligament, midway between the antf*rior superior spine of the ilium 
and the symphysis pubis, and passes down the front and inner side of the 
thigh. It terminates at the junction of the middle with the lowx'r third of 
the thigh where it passes through an opening in the Adductor msignus to 
become the popliteal artery. The vessel, at the upper part of the thigh, lies 
in front of the hip-joint, on a line wdth the innermost part of the liead of the 
femur ; in the lower part of its course it lies to the inner side of the shaft, 
and between these tw o parts, wdiere it crosses the angle between the head and 
shaft, the vessel is some distance from the bone. The first inch and a half of 
the vessel is enclosed, together with the femoral vein, in a fibrous sheath — 
the femoral sheath. In the upper third of tlie thigh the femoral artery is 
contained in a triangular space, called Scarpa^ s triangle, and in the middle 
third of the thigh, in an aponeurotic canal, named Hunler^s canal. 

The femoral sheath (fig. 614) is formed by a prolongation downwards, 
behind Poupart’s ligament, of the fasciae wdiich lino the abdomen, the fascia 
transversalis bemg continued down in front of the femoral vessels and the 

z z 2 
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fascia transxiicii^is behind them. The sheath assumes the form of a short 
funnel-shaped tube, the wide end of which is directed upwards, while the lower, 
narrow end fuses with the fascial investment of the vessels, about an inch 
and a half below the level of Poupart’s ligament. It is strengthened in front 
by a band termed the deep crural arch (p. 516). The outer wall of the sheath 
is vertical and is perforated by the genital branch of the genito-crural nerve ; 
the inner wall is directed obliquely downwards and outwards and is pierced 
by the internal saphenous vein and by some lymphatic vessels. The sheath 
is divided by two vertical partitions which stretch between its anterior and 
posterior walls. The outermost compartment contains the femoral artery and 
the middle the femoral vein, while the innermost and smallest compartment 
is named the crural canal, and contains some lymphatic vessels and a lymphatic 


Fic. 614. — Femoral sheath laid open to show its three compartments. 



gland imbedded in a small amount of areolar tissue. The crural canal is 
conical and measures about; half an inch in length. Its base, directed upwards 
and named the crural rim}, is oval in form, its long diameter being directed 
transversely and measuring about half an inch. The crural ring (figs. 615, 616) 
is bounded in front by Poupart’s ligament, behind by the Pectineus muscle 
covered by the pubic portion of tlm fascia lata, internally by the crescentic 
base of (limbeiiiat’s ligament, and externally by the fibrous septum on the 
inner side of the femoral vein. The spermatic cord in the male and the round 
ligament of the uterus in the female lie immediately above the anterior margin 
of the ring, while the deep epigastric artery is close to its upper and outer angle. 
The crural ring is closed by a somewhat condensed portion of the extra-peritoneal 
fatty tissue, named the septum cr urale, the abdominal surface of which supports 
a small lymphatic gland and is covered by tlie parietal layer of the peritoneum. 
The septum crurale is pierced by numerous lymphatic vessels passing from the 
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deep inguinal to the external iliac glands, and the parietal peritoneum 
immediately above it presents a slight depression named the/cntomt/oescr. 

Fio. 616.— Structures passing behind Poupart’s ligament. 
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T-’ic. OIC.— The relations of the crural and internal abdominal rings 
seen fixim within the abdomen. Riglit side. 
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Scarpa’s triangle (fig. 617) correspondR to the depression seen immediately 
below the fold of the groin. Its apex is directed downwards, and the sides 
are formed externally by the inner margin of the Sartorius, internally by 
the inner margin of the Adductor longus, and above by Poiipart’s ligament. 
Ttie floor of the space is formed from without inwards by the Iliacus, 
Psoas, Pectincus, in some cases a small part of tlie Adductor brevis, and 
the Adductor longus ; and it is divided into two nearly equal parts by the 
femoral vessels, which extend from near the middle of its base to its apex : 
the artery giving off in this situation its cutaneous and profunda branches, 
the vein receiving the deep femoral and internal saplienous tributaries. On 
the outer side of the femoral artery is the anterior crural nerve dividing into 

Fic;. 017. — Scarj)a’s triangle. 



IntfiniuL saphrunUH vrin 


its branches. Besides the vessels and nerves, this space contains some fat 
and lymphatics. 

Hunter’s canal is an aponeurotic tunnel in the middle third of the 
thigh, extending from the apex of Scarpa’s triangle to the femoral opening 
in the Adductor rnagnus muscle. It is bounded, in front and externally, by 
the Vastus internus ; behind, by the Adduc tores longus et rnagnus ; and 
covered in by a strong aponeurosis which extends from the Vastus internus, 
across the femoral vessels to the Adduc tores longus et rnagnus ; lying on 
the aponeurosis is the Sartorius muscle. It contains the femoral artery and 
vein, the internal or long saphenous nerve, and the nerve to the Vastus 
internus. 

Relations (fig. 617).— In Scarpa* s triangle the femoral artery is superficial. Jn 
front of it are the skin and superficial fascia, the superficial inguinal lymphatic 
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glands, the superficial circumflex iliac vein, the iliac portion of the fascia lata and 
the anterior part of the femoral sheath. The genital branch of the genito-crural 
nerve courses for a short distance within the outer compartment of the femoral 
sheath, and lies at first in front and then on the outer side of the artery. Near 
the apex of Scarpa’s triangle the internal cutaneous nerve crosses the artery 
from without inwards. 

l"iG. 618. — The femoral artery. 



Behind the artery are the posterior part of the femoral sheath, the pubic portion 
of the fascia lata, the inner part of the tendon of the Psoas, the Pectincus and the 
Adductor longus. The artery is separated from the capsule of the hip-joint by the 
tendon of the Psoas, from the Pectineus by the femoral vein and profunda vessels, 
and from the Adductoi longus by the femoral vein. The nerve to the Pectineus 
passes inwards behind the artery. On the out&r side of the artery, but separated 
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from it by some fibres of the Psoas, is the anterior crural nerve. The femoral 
vein is on the inner side of the upper part of the artery, but is behind the vessel in 
the lower part of Scarpa’s triangle. 

In Hunte/s canal the femoral artery is more deeply situated, being covered 
by the integument, the superficial and deep fascia\ the Sartorius and the fibrous 
roof of the canal ; it is crossed from without inwards by tlio long saphenous nerve. 
Behind the artery arc the Adductores longus et magnus ; in front and to its outer 
side is the Vastus intemus. The femoral vein lies behind the upper part, and on 
the outer side of the lower part of the artery. 

That portion of the femoral artery which extends from Poupart’s ligament 
to the origin of the profunda is sometimes named the common /moral. 

Peculiarities . — Several cases are recorded in whicli the femoral artery divided into two 
trunks below the origin of the profunda, and became rounit(*d near the opening in the 
Adductor magnus, so as to form a single popliteal artery. One occurred in a patient who 
was operated upon for popliteal aneurysm. A few cases have been recorded in which the 
femoral artery w'a.'^ absent, its ])la(*(i being supplied by the sciatic ai tcry which accompanied 
the gi-eat sciatica nerve to tluj popliteal si)ace. 'Ilie external iliac in these eases was small, 
and terminated in the ju’ofunda. 'Jhe femoral vein is occasionally placed along the inner 
sidtj of the artery, throughout the entire extent of Scar [)a's triangle ; or it maybe split so 
that a large vein is jilacod on cither side of the artery for a grea1e*r or lesser distance. 

Surface Markiny . — llie upper tw'o-thirds of a line drawn from a point midw^ay between 
the anterior sui)erior spine of the ilium and tlie symphysis pubis to the adductor tuberc’lc 
on the inner condyle of the femur, with the thigh abducted and rotated outwards, will 
indicate the course of the femoral artery. 

Applied Anatomy. — Compresmm of the femoral artorj^ which is constantly recpiisite 
in amputations and other operations on the low(?r limb, and also for the cure of popliteal 
aneurysm, is most elTectually made immediately Ix'low' Poupart’s ligament. In this 
situation the artery is very superlieial, and is merely sci)arated from the ascending ramus 
of the pubis by the Psoas muscle ; so that the surgeon, by means of his thumb or a, 
compressor, may elTectually control the eirculatioii through it. Iho vessel may also bo 
controlled in the middle third of the thigh by placing a pad over the artery, beneath the 
toumiejuet, and directing the pressure from within outwards, so as to press the vcss(;l 
against the inner side of the shaft of the femur. 

Ihc superficial ])Osition of tlic femoral artery in Scarpa’s trijuigle nmders it particularly 
liable to bo injured in w'ounds, stabs, or gunshot injuries in the groin. On account of the 
close relationship betw^een the artery and vein, the latter vessel is also liable to bo wounded 
in these injuries. In such eases, the artery being compressed as it crosses the ramus of the 
pubis, the skin wound should be enlarged and the wound in the vessel sought for, and a 
ligature applied above and below' the bleeding point. 

The application of a hyature to the femoral artery may be n^quired in cases of wound 
or aneurysm of the i^ojditeal or femoral, or arteries of the leg ; and the vessel may bo 
exposfjd and tied in any part of its couree. The great depth of this vessel at its lower 
part, its close connection with important structures, and the density of its sheath, render 
the operation in this situation one of greater dilfitadty than the application of a ligature at 
its upper part, where it is more superlieial. 

Ligature of the common femoral artery is not regarded wdth much favour, on account 
of the near connection of large branches with it, viz. the deep epigastric and the deej) 
circumflex iliac arising just above roui)ari’s ligament ; on account of the number of small 
branches which arise from it, in its sliort course, and on account of the uncertainty of 
the origin of the jirofunda femoris, which, if it arise high nj), would bi* too close to the 
ligature for the formation of a lirm coagulum. It would apjwar, thercTfore, that the most 
favourable situation for the application of a ligature to the femoral is at the capt'x of 
Scarpa’s triangle. In order to reach the artery in this situation, an incision three inches 
long should be made in the course of the vessel, the patient lying in the recumbent 
position, with the limb slightly Hexed and alKlueted, and rotated outw'ards. A large vein 
is frequently met with, passing in the course of the artery to join tlm internal saphenous 
vein ; this must be avoided, and the fascia lata having been cautiously divided, and the 
Sartorius dis])Iayed, that muscle must bo drawn outwards, in order to expose fully the 
sheath of the vessels. '^Fho linger having been introduced into the w^ound, and the pulsa- 
tion of the artery f(;lt, the sheath is opened on the outer side of the vessel to a sufficient 
extent to allow’ of the introduction of the aneurysm needle. In this part of the operation 
the long saphenous nerve and the nerve to the Vastus intemus, which are in close relation 
with the sheath, should be avoided. The aneurysm needle must be earefnlly introduced 
and kept close to the artery, to avoid the femoral vein, which lies behind the vessel in tins 
part of its course, and is very closely bo\ind up with it. 

To expose the artery in Hunter’s canal, an incision between three and four inches 
in length should be made through the integument, a finger’s breadth internal to the lino 
of the artery, the centre of the incision being in the middle of the thigh — i.e. midway 
between the groin and the knee. The fascia lata having been divided, and the outer 
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border of the Sartoriiis exposed, this muscle should bo drawn inwards, when the strong 
fascia which is stretched across from the Adductors to the Vastus interrius will be observed, 
and must be freely divided ; the sheath of the vessels is now seen, and must be opened, 
and the artery secured by passing the aneurysm needle between it and the vein, in the 
direction from without inwards. In this situation the femoral vein lies on the outer side, 
and the long saphenous nerve in front t>f the artery. 

It has been seen that the femoral artery occasionally divides into two trunks below the 
origin of the profunda. If, in the operation for tying the femoral, two vessels bo met 
with, the surgeon should alternately compress each, in order to ascertain which is con- 
nected with the aneurysmal tumour, or with the bleeding from the wound, and that one 
only should be tied which is the source of the pulsation or haemorrhage. If, however, it 
be necessary to compress both vessels before the circulation is controlled, botli should be 
tied, as it is probable that they become reunited, as in the instances referred to above. 

Collateral Circxdaiion . — After ligature of the femoral artery, the main channels for 
carrying on the circulation are the anastomoses between — (1) the gluteal and sciatic 
branches of the internal iliac with the internal and external circumflex and superior 
perforating branches of the profunda femoris ; (2) the obturator branch of the internal 
iliac with the internal circumflex of the jirofunda ; (il) the internal pudio of the internal 
iliac with the superlicial and deep external pudic of the femoral ; (4) the deep 

cireumflex iliac of the external iliac with the extei nal circumflex of the profunda and the 
superlicial circumflex iliac; of the fomond ; and (5) the sciatic and comes nervi ischiadici 
of the internal iliac with tin; perforating branches the profunda. 

Branches. — The bmiKdics of the femoral artery are : 

Superficial ejwgastric. M uscular. 

Superfic ial circumflex iluic. I External circumflex. 

Su[)crficial external j)udie. Profunda Internal circumflex. 

Beep external pudic. I Thrc^e perforating. 

Anastomotica magiia. 

The superficial epigastric (a. epigastriea siiperticialis) arises from the front of 
the hunoral artery about half an inch below Poupart's ligament, and, passing through 
tli(* femoral sheath and the cribriform fascia, turns upwards in front of Poupart’s 
ligament, and as(;ciids between two layers of the superficial fascia of the abdomi- 
nal wall nearly as far as the umbilicus. It distril)utcs branches to the superficial 
inguinal glands, the superficial fascia, and the integument ; it anastomoses with 
branches of the deep epigastric, and with its fellow of the opposite side. 

The superficial circumfiex iliac (a. circumflexa ilium supeificialis), the smallest 
of the cutaneous branches, arises close to the preceding, and, piercing the fascia lata, 
runs outwards, parallel with Pou])art’s ligament, as far as the crest of the ilium ; 
it divides into })ranchea which supply the integument of the groin, the superficial 
fascia, and the superficial inguinai lymfdiatic glands, anastomosing with the d(‘ep 
circumflex iliac, and with the gluteal and external circumflex arteries. 

iTie superficial external pudic (a. pudenda externa superficialis) arises from the 
inner side of the femoral artery, close to tin; jueceding vessels, and, after piercing 
the femoral sheath and cribriform fascia, courses inwards, across the spermatic 
cord (or round ligament in the female), to be distributed to the integument on the 
lower part of the abdomen, the penis and scrotum in the male, and the labium 
majus in the female* anastomosing with branches of the internal pudic. 

The deep external pudic (a. pudenda exteriio. profunda), more! deeply seated 
than the preceding, passes inwards across the Pectineus and Adductor longiis 
muscles.; it is covered by the fascia lata, which it pierces at the inner border of 
the thigh, and is distributed, in the male to the integument of the scrotum and 
perinoeum, in tlie female to the labium majus ; its branches anastomose with those 
of the superficial perineal artery. 

Muscular branches arc supplied by the femoral artery to the Sartoriiis, Vastus 
internus, and Adductors. 

The profunda (a. profunda femoris) (fig. 620) is a large vessel arising 
from the outer and back part of the femoral artery, from one to two inches 
below Poupart’s ligament. At first it lies on the outer side of the femoral 
artery ; it then runs behind it and the femoral vein to the inner side of the 
femur, and, passing downwards behind the Adductor longus, terminates at tlie 
loAver third of the thigh in a small branch, which })ierccs the Adductor magiius, 
and is distributed on the back of the thigh to the Flexor muscles. The 
terminal part of the profunda is sometimes named the fourth 'perforating artery. 
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Relations.-— it lies from above downwards upon the Iliacus, Pectineus, 
Adductor brevis, and Adductor magnus. In front, it is separated from the femoral 
artery by the femoral and profunda veins above, and by the Adductor longus beloAV. 
On its outer side, the origin of the Vastus internus intervenes between it and the 
femur. 

Pecidiaritieft , — This vessel sometimes arises from the inner side, and, more rarely, from 
the back of the femoral artery ; but a more important peculiarity, from a surgical 
])(>int of view, is that relating to the height at which the vessel arises. In three-fourths 
of a large number of cases it arose between one and two inches below Poupart’s ligament ; 
in a few eases the distancui Avas loss tlian an inch ; more rarel y* opj)OKitc the ligament ; 
and in one case above Poupart’s ligament, from the external iliac. Occasionally the 
distance between the origin of the vessel and Poiii)art’s ligament exceeds two inches. 

The profunda gives off the following bramdies : 

External circumflex. Internal circumflex. Three perforating. 

Muscular. 

The external circumflex (a. circumflexa femoris lateralis) supplies tlie muscles 
on the front of the thigli. It arises fj‘om the outer side of the j)i*ofunda, passes 
horizontally outwards, between the divisions of the anterior crural nerve, and 
behind the Sartorius and liec-tus femoris, and divides into ascending, transversi*, 
and descending branches. 

The ascend mrj hraneh (ramus aseendens) passes upwards, Ixnn^ath the Tensor 
fasci.T femoris muscle, to the outer side of the hip, and anastomoses wdth the 
terminal branches of the gluteal and deep circumflex iliac arteries. 

The descending hraneh (ramus descendens) runs downwards, behiiul the Rectus, 
upon the Vastus externus to w'hich it gives ollsets ; one long branch descends 
in the muscle as far as the knee, and anastomoses with the sui}erior external 
articular branch of the po])liteal artery. It is accom]:)ani(Hl by the branch of the 
anterior crural nerve to the Vastus externus. 

The transverse branch (ramus t cans versus), the smallest, passes outwards over 
the Cr lire us, pierces the Vastus externus, and winds round the femur, just below 
the great trochantei*, anastomosing at tlie back of the thigh with the internal 
circumflex, sciatic, and superior perforating arteries. 

The internal circumflex (a- circumflexa femoris mc^dialis), smaller than the 
external, .arises from tin* inner and posterior .aspect of the profunda, and winds 
round the. inner side of tlie femur, passing first between the Pectineus and Psoas 
muscles, and theji l)(*,tweeji tin*. Obturator externus and Adductor brevis. At 
tin*, upper bolder of tlic Adductor brevis, it gives oil two branches, one of wliich 
jiasses inw.ards to be distributed to the Adduetor muscles, the Gracilis, and 
Obturator (jxtcriius, an .aston losing Avil-h the obtur.ator artery ; the other descends 
beneath the Adductor brevis, to supply it and tlui Adductor magnus ; wdiilc the 
continuation of the vessel passes backwards and divides into an ascending and a 
transverse branch. The ascending branch (ramus profundus) runs obliquely 
upwards upon the tendon of the Obturator externus and in front of tlie Quadratus 
femoris towards the digital fossa, where it anastomoses with twigs from the gluteal 
and sciatic arteries. The transverse hraneh (ramus superficialis), larger than the 
ascending, .Mppears between the Quadratus femoris and upper border of the Adductor 
magnus, anastomosing with the sciatic, external circumflex, and superior per- 
foniting artcuies (crucial anastomosis). Opposite the liip-joint, the artery gives 
oil an articular vessel, which (niters the joint beneath the transverse ligament ; 
and, after supplying the adipose tissue, passes along the round ligiiment to the head 
of the femur. 

Th(i perforating arteries (fig. 013), usually three in number, are so named 
because they perforate the tiuidon of the Adductor magnus muscle to reach the 
back of the thigh. They pass backw^ards close to the linea aspera of the femur 
under cover of small tendinous arches in the muscle. The first is given off 
above the Adductor brevis, the second in front of that muscle, and the third 
immedijitcly below it. 

The first perforatmg artery (a. perforans prima) passes backwards between the 
Pectineus and Adductor brevis (sometimes it perforates the latter) ; it then pierces 
the Adductor magnus closii to the linea aspera. It gives branches to the Adductor 
brevis, Adductor magnus, Biceps, and Gluteus maximus muscles, and anastomoses 
with the sciatic, internal and external circumflex, and middle perforating arteries. 
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The second perforating artery (a. perforans secunda), larger than the first, pierces 
the tendons of the Adductor brevis and Adductor magnus muscles, and divides into 
ascending and descending branches, whicli supply the flexor muscles of the thigh, 
anastomosing with the first and tliird perforating. The second artery frcqueiitly 
arises in common with the first. The nutrient artery of the femur (a. nutricia 
femoris) is usually given off from this branch. ^ ^ i a;i;i + 

The third perforatiiuj artery (a. perforans tertia) is given off below the Adductor 
brevis ; it pierces the Adductor magnus, and divides into branches which supply 
the fiexor muscles of the thigh ; anastomosing above with the higher perforating 
arteries, and below with the terminal branches of the profunda and the muscular 
branches of the popliteal. Tlui nutrient artery of the femur may arise from this 

lu’anch. i • • i. i 

The termination of the profunda Jirtery, {ilrcady described, is sometimes termed 

t\\c fourth perforating artery. r i i • 4.1 

Nuuk'tous muscular branches arise from the ])rofunda ; some of these end in tne 
Adductor muscles, others pierce the Adductor magnus, give branches to the 
hamstrings, and anastomose ivith the internal circiimflt^x artery and with upper 
muscular branches of the poplitt*al. 

'Phe anastomotica mag^a (a,, genu suprema) (fig. 618 ) arises from the femoral 
artery just before it passes through the tendinoUi-. opening in the Adductor magnus 
muscle, and imiuediately divides into a superficml and a deep branch. 

The super licial branch (ramus saphenus) pierc.es th(' aponeurotic c()vering of 
Hunter’s canal, and accompanies the long saphenous nerve to the inne.r side of the 
knee. It passes between the Hartoriiis and Gracilis muscles, and, pienung the fascia 
lata, is distributed to the integument of the upper and inner part of the leg, 
anastomosing with the inferior internal articular artery. 

The deA‘p branch (ramus muse uloarticu laris) descends in the substance of the 
Vastus int<umus, lying in front of the temdon of the Adductor magnus, to the inner 
side of the knee*, where it anastomoses with the superior internal articuhix artery 
and anterior r(*.current branch of the anterior tibial. A branch from this vessel 
crosses outwards above*, the articular surface of the femur, iorrning an anastomotic 
arch with the superior external articular artery, and sujiplying branches to the 
knee-joint. 

The PorLiTEAL Space (fig. 620) 

Boundaries.' —The popliteal space, or ham, is a lozenge-shaped siiace, 
at the back part of the kiif'c-joiiit. Above, it is bounded externally by the 
Hicc'ips and inlt^rnally by Hie Semitendinosus and Semimembranosus ; below, 
it is limited by the outer head of the (hastroenemius and the Plantaris 
exterjially and by the inner head of the Gastrocnemius internally. I’he floor 
is formed by the lower pfirt of the |)Osterjor surfnee of the sliaft of the femur, 
ibe ]K)st(‘ri()i' ligament of the knee-joint, tJio upper end of the tibia, and the 
fascia covering tlie Popliicus muscle ; the space is covered in by the fascia 
lata. 

Contents. — Tlie popliteal space contains the popliteal vessels and nerves, 
together with tlie termination of the external saphenous vein, the lower part 
of the small sciatiC nerve, tJie articular branch from the obturator nerve, a 
few small lymphatic glands, and a considerable quantity of loose adipose 
tissue. The internal popliteal nerve descends in the middle line of the 
space, lying under tin? deep fascia <and crossing the vessels from without 
inwards. The external popliteal nerve descends on the outer side of the 
upper part of the space, close to the tendon of the Biceps muscle. At the 
bottom of the space are the poiffiteal vessels, the vein being superficial to 
the artery and united to it by dense areolar tissue ; the vein is a thick-walled 
vessel, and lies at first to the outer side of the artery, and then crosses it to 
gain the inner side below ; sometimes it is double, the artery lying between 
two vensB comites, which are usually connected by sliort transverse branches. 
The articular branch from the obturator nerve descends upon the artery to 
supply the knee. The popliteal lymphatic glands, four or five in number, 
surround the artery : one usually lies superficial to the vessel ; another is 
situated between it and the bone ; and the rest are placed on either side 
of it. Arising from the artery, and passing off from it at right angles, are its 
articular branches. 
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Popliteal Artery (figs. 619, 620) 

The popliteal artery (a. poplitea) is the continuation of the femoral, 
and courses through the popliteal space. It extends from the opening in the 
Adductor magnus, at the junction of the middle and lower thirds of the thigh, 
downwards and outwards to the intercondyloid notch of the femur, and then 

Peg. 619. — Side view of the ]iO]»liteal artery. 

(Fi'om a preparation in the Museum of the Royal College of Surgeons of England.) 



vertically doA\'n\\’a7’ds to the lower border of the Popliteus mus(*le, where it 
divides into anterior and posterior tihial arteries. 

Relations.— In front from above downwards are the popliteal surface of the 
femur (which is separated from the artery by some fat), the posterior ligament of 
the knee joint, and the fascia coveriiig the Popliteus. Behind, it is overlapped 
above by the Semimembranosus, and below it is covered by the Gastrocnemius and 
Plantaris. In the middle part of its course the artery is separated from the integu- 
ment and fasciae by a quantity of fat, and is crossed from without inwards by the 
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internal popliteal nerve and the popliteal vein, the vein being between the nerve 
and the artery and closely adherent to the latter. On its outer side, above, are the 
Biceps, the internal popliteal nerve, the popliteal vein, and the external condyle of 
the femur ; belowj the Plantaris and the outer head of the Gastrocnemius. On its 
inner side, above, are the Semimembranosus and the internal condyle of the femui* ; 
below, the internal popliteal nerve, the popliteal vein, and the inner head of the 
Gastrocnemius. As already stated, the popliteal lymphatic glands, four or five in 
number, arc grouped around the artery. 

Peculiarities in, point of division. — Occasionally the popliteal artery divides into its 
terminal branches opposite the knee-joint. The anterior tibial under these circumstances 
usually passes in front of the Poplitcus muscle. 

Unusual branches. — The artery sometimes divides into the anterior tibial and peroneal, 
the posterior tibial being wanting, or very small. Occasionally it divides into three 
branches, the anterior and posterior tibial, and peroneal. 

Sur face Marhintj. — The course of the upper i)art of the popliteal artery is indicated by 
a line drawn from the outer border of the Semimembranosus muscle at the junction of 
the middle and lowi^r thirds of the thigh — that is to say, from a point a little internal to 
the uiipcr angle of the popliteal space — oblicpiely d >wn wards to the middle of the popliteal 
space exactly behind the knee-joint. From this jioint it passes vertically downwards to 
the level of a line drawn through the lower part of tiui tubercle of the tibia. 

Applied Anatomy. — Tlui popliteal artery is not infrequently the seat of injury. It 
may b(i torn by direct violence, as by the passage of a cart-wheel over the knee, or by 
hyper-extension t)f the knee. Tt may also be lacerated by fracture of the lower part of the 
shaft of the femur, or by an toro- posterior dislocation of the knee-joint. It has been torn 
in breaking down adhesions in cases of librous ankylosis of the knee, and is in danger of 
being wounded, and in fact has been wounded, in performing JMac(nvcn’s operation of 
osteotomy of the lower end of the femur for genu valgum. The popliteal artery is more 
frequently the scat of aneuiysm than any other artery in the body, with the exception of 
the thoracic aorta. No doiibt this is due in a great measure to the amount of movement 
to whi(^h it is subjected, and to the fact that it is supported by loose and lax tissue only, 
and not by muscles as is the case with mast arteries. When the knee is acutely flexed the 
popliteal artery becomes bent on itself to such an extent as to entirely arrest the cinuilation 
through it. 

Ligature of the popliteal artery is required in cases of wound of the vessel, but for 
aneurysm it is preferable to tie the femoral. The popliteal may be tied in the upper 
or lower part of its course ; but in the middle of the ham the operation is tittonded with 
<‘onsiderablo difficulty, from the groat depth of the artery, and from the extreme degree 
of tension of the lateral boundaries of the space. 

In order to expose the uppe^r part of the vessel, the patient should be placed in 
the supine position, with the knee flexed and the thigh abducted and rotated outwards, 
so that it rests on its outer surface ; an incision three inches in length, beginning at 
the junction of the middle and lower thirds of the thigh, is to be made parallel to and 
immediately behind the tendon of the Addmttor magnus, and the skin, superficial and 
deep fasciie divided. The tendon of the musc,le is thus exposed, and is to b(^ drawn forwards, 
and the hauistring tendons backwards, A quantity of fatty tissue will now be opened 
up, in which the art(?ry will be felt pulsating. This is to bo separated with the point of a 
director until the artery is exposed. The vein and nerve will not be seen, as they lie to 
the outer side of the artery. The sheath is to be opened and the aneurysm needle passed 
from before backwards, keeping its point close to the artery for fear of injuring the vein. 
The only structure to,avoid in the superficial incision is the long saphenous vein. 

To expose the vessel in the lower part of its course, where the artery lies between the 
two heads of the Gastrocnemius, the patient should be placed in the prone position with 
the limb extended. An incision should then be made through the integument in the 
middle line, commencing opposite the bend of the knee-joint, care being taken to avoid 
the external saphenous vein and nerve. After dividing the deep fascia, and separating 
some dense cellular tissue, the artery, vein, and nerve will be exposed, between the 
two heads of the Gastrocnemius. Some muscular branches of the popliteal should be 
avoided if possible, or, if divided, tied immediately. The leg being now flexed, in order 
the more effectually to separate the two heads of the Gastrocnemius, the nerve should 
be drawn inwards and the vein ouWards, and the aneurysm needle passed between the 
artery and vein from without inwards. 


Branches. — ^The branches of the popliteal artery are : 




Tior. 

erior or Sural. 


Cutaneous. 

' Superior internal articular. 


Superior external articular. 
Azygos articular. 

Inferior internal articular. 
Inferior external articular. 



Internal caica 
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Th« superior muscular branches, two or throe in number, arise from the upper 
part of the artery, and are distributed to the lower parts of the Adductor magnus 
riM , aud hamstring muscles, anastomosing with 

‘“"f i'"“8 »< 

I Tlie inferior muscular or sural (aa. 

surales) are two large brauches, which are 
distributed to the Gastrocnemius, Soleus, 
and Plantaris. They arise from the popli- 
teal artery opposite the knee-joint. 

The cutaneous branches arise either 
from the i)opliteal artery or from some of 
its branches ; they descend between the 
two heads of the Gastrocnemius muscle, 
and, piercing the deep fascia, arc distri- 
! SnraJ butcd to tlio integument of the calf. One 
artcru'H branch usually accompanies the short, or 
external, saphenous vein. 

The superior articular arteries, two in 
number, arise one on cither side of the 
popliteal, and wind round the femur im- 
mediately above its condyles to the front 
of th(^ knee-joint. The superior internal 
articular (a. genu superior medialis) runs 
inwards beneath the inner hamstring 
muscles, to which it supplies branches, 
above the inner head of the Gastrocnemius, 
and passes beneath the tendon ot the 
Adductor magnus. It divides into two 
branches, one of which supplies the Vastus 
internus, anastomosing with the anasto- 
motica magna and inferior internal articular ; 
the other ramifies close to the surface of 
the femur, supplying it and the knee-joint, 
and anastomosing with the superior external 
articular artery. The superior internal 
articular artery is frequently of small size, 
a condition which is associated with an in- 
crease in the size of the anastomotica magna. 
The superior external articular (a. genu 
superior lateralis) passes above the outer 
condyle, beneath the tendon of the liiceps, 
and divides into a superficial and a 
de(*p branch ; the superficial branch supplies 
the Vastus externus, and anastomoses 
with the descending branch of the exter- 
nal circumflex and the inferior external 
articular arteries ; the deep branch supplies 
the lower part of the femur and knee- 
joint, and forms an anastomotic arch across 
the front of the bone with the anasto- 
moticu magna and the inferior internal 

The azyg^os articular (a. genu media) 
is a small branch, arising opposite the 
bend of the knee-joint. It pierces the 
posterior ligament, and supplies the liga- 
ments and synovial membrane in the 
interior of the articulation. 

The inferior articular arteries, two in 
number, arise from the popliteal beneath 
the Gastrocnemius. The inferior internal articular, (a. genu inferior medialis) first 
descends along the upper margin of the Popliteus muscle, to which it gives branches ; 
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it then passes below the inner tuberosity of the tibia, beneath the internal lateral 
ligament, at the anterior border of which it ascends to the front and inner aide of the 
joint, to supply the head of the tibia and the articulation of the knee, anastomosing^ 
with the inferior external articular and superior internal articular arteries. The^ 
inferior external articular (a. genu inferior lateralis) runs outwards above the 
head of the fibula to the front of the knee-joint, passing in its course beneath the 
outer head of the Gastrocnemius, the external lateral ligament, and the tendon 
of the Biceps muscle. It terminates by dividing into branches, which anastomose 
with the inferior internal articular artery, the superior external articular artery, 
and the anterior recurrent branch of the anterior tibial. 

Gircumpatellar anastomosis (fig. 621 ). — Around and above the patella, and on 
, the contiguous ends of the femur and tibia, is a largo network of vessels forming 


Fia. G2J. — Oircumpatellar anastomosis. 



a superficial and a deep plexus. The swperjicial 'plexus is situated between the fascia 
and skin round about the patella, and forms three well-defined arches : one, above 
the upper border of the patella, in the loose connective tissue over the Quadriceps 
extensor muscle ; the other two, below the level of the patella, are situated in the 
fat behind the ligamentum patella). Tlie deep plexus, which forms a close network of 
vessels, lies on the lower end of the femur and upper end of the tibia around their 
articular surfaces, and sends numerous offsets into the interior of the joint. The 
arteries from which this plexus is formed are the two internal and the two 
external articular branches of the popliteal : the anastomotica magna ; the 
descending branch of the external circumflex ; and the anterior recurrent branch 
of the anterior tibial. 


• Antbriob Tibial Abtery (fig. 622) 

The anterior tibial artery (a, tibialis anterior) commences at the bifur- 
cation of the popliteal, at the lower border of the Popliteus muscle, passes 
forwards between the two heads of the Tibialis posticus, and through the 



720 


ANGIOLOGY 


large oval aperture above the upper border of the interosseous membrane, 
to the deep part of the front of the leg : it here lies close to the inner side 
of the neck of the fibula. It then descends on the anterior surface of the 



interosseous membrane, gradually 
approaching the tibia ; and, at the 
lower part of the leg, lies on this bone, 
and then on the anterior ligament of 
the ankle-joint to the bend of the 
ankle, whore it is more superficial, and 
be(^omes the dormlis pedis, 

Eelations. — In tlie upper two-thirds 
of its extent, tlie anterior tibial artery, 
rests upon the interosseous membrane, to 
which it is connected by delicate fibrous 
arches thrown across it; in the lower 
third, upon the front of the tibia, and the 
anterior ligament of the ankle-joint. In 
the upper third of its course, it lies between 
the Tibialis anticus and Extensor loiigus 
digitoriim; in the middle third between 
the Tibialis anticus and Extensor proprius 
hallucis. At the bend of the ankle, it 
is crossed from without inwards by the 
tendon of the Extensor proprius hallucis, 
and lies between it and the innermost 
tendon of the Extensor longus digitorum. 
It is covered, in the upper two-thirds of 
its course, by the muscles which lie on 
either side of it, and by the deep fascia ; 
in the lower third, by the intcgimuint, 
anterior annular ligament, and fascia. 

The anterior tibial artery is accom- 
panied by two veins (vena? comites) which 
lie one on either side of the artery; the 
anterior tibial Jiervo, coursing round the 
outer side of theneclc of the fil)ula, comes 
into relation with the outer side of the 
artery shortly after it has reached 
the front of the leg ; about the middle 
of the leg it is placed superficial to it ; at 
the lower part of the artery the nerve 
is generally again on the outer side. 

Peculiarities in size. — This vossel may 
be diminished in size, may bo deficient to a 
greater or loss extent, or may be entirely 
wanting, its place being supplied by per- 
forating branches from the posterior tibial, 
or by the antoior division of the peroneal 
artery. 

Course . — The artery occasion ally deviates 
in its course towards the fibular side of the 
leg, regaining its usual position beneath the 
annular ligament at the front of the ankle. 
In two instances the vessel has been found to 
approach the surface in the middle of the 
leg, being covered merely by the integument 
and fascia below that point. 

Surface Marking . — Draw a lino from the 
inner side of the head of the fibula to a point 
midway between the two malleoli. This line 
from a point an inch and a quarter below 
the head of the fibula will mark the course 
of the artery. 

Applied Anatomy , — The anterior tibial 
artery is liable to be injured in fractures of the 
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lower third of the tibia, on account of its close proximity to the bone. The application 
of a ligature to the vessel is rarely required, except in cases of wound or for traumatic 
aneurysm. The operation in the upper third of the log is attended with great difficulty 
on account of the depth of the vessel from the surface. An incision about four inches in ^ 
length is made in the line of the artery to about a hand’s breadth below the level of the ^ 
knee-joint. The skin and superficial structures having been divided and the deep fascia 
exposed, the wound must be carefully dried, its edges retracted, and the white line 
separating the Tibialis anticus from the Extensor longus digitorum sought for. When 
this has teen clearly defined, the deep fascia is to be divided in this line, and the Tibialis 
anticus separated from adjacent muscles with the handle of the scalpel or a director 
until the interosseous membrane is reached. The foot is to be flexed in order to relax 
the muscles, and upon drawing them apart the artery will be found lying on the 
interosseous membrane with the nerve on its outer side or on the top of it. The nerve 
should be drawn outwards, and the vona> coniites separated from the artery and the 
needle passed around it. 

To tie the vessel in the lower third of the leg above the ankle-joint, an incision about 
three inches in length should te made through the integument tetween the tendons of 
the Tibialis anticus and Extensor proprius hallucis muscles, the deep fascia being divided 
to the same extent. The tendon on either side should be retracted, when the vessel, 
accompanied by the venic comites, will te seen lying upon the tibia, with the nerve on 
the outer side. 

Branches.— Tlie branches of the antcrioi tibial artery are : 

Posterior recurrent tibial. Muscular. 

Superior fibiilar. Internal malleolar. 

Anterior recurrent tibial. External malleolar. 

The posterior recurrent tibial (a. recurrens tibialis posterior), an inconstant 
branch, is given off from the anterior tibial before that vessel passes through the 
interosseous space. It ascends in front of the Popliteus muscle, which it supplies, 
and anastomoses with the lower articular branches of the popliteal artery, giving 
an offset to the superior tibio-fibular joint. 

The superior fibular is sometimes derived from the anterior tibial, sometimes 
from the posterior tibial. It passes outw^ards, round the neck of the fibula, through 
the Soleus, w^hich it supplies, and ends in the substance of the Peroneus longus. 

The anterior recurrent tibial (a. recurrens tibialis aiitt^rior) arises from the 
anterior tibial, as soon as that vessel has passed through the interosseous space ; it 
ascends in the Tibialis anticus muscle, ramifies on tlie front and sides of the knee- 
joint, and assists in the formation of the circumpatellar plexus by anastomosing 
with the articular branches of the popliteal, and with the anastomotica magna. 

The muscular branches are numerous ; they arc distributed to the muscles 
which lie on either side of the vessel, some pi<ircing the deep fascia to supply the 
integument, others passing through the interosseous imuiibrane, and anastomosing 
with branches of the posterior tibial and peroneal arteries. 

The internal malleolar (a. inalleolaris antt^rior m('.dialis) arises about tw^o inches 
above the articulation, and passes beneath the tendons of the Extensor proprius 
hallucis and Tibialis anticus, to the inner side of the ankle, upon which it ramifies, 
anastomosing with branches of the posterior tibial and internal plantar arteries 
and with the internal calcanean from the posterior tibial. 

The external malleolar (a. malleolaris anterior lateralis) passes bencatli the 
tendons of the Extensor longus digitorum and Peroneus tertius, and supplies the 
outer side of tlic ankle, anastomosing with the anterior peroneal artery, and with 
ascending twigs from the tarsal branch of the dorsalis pedis. 

Dorsalis Pedis Artery (fig. 622 ) 

The dorsalis pedis artery (a. dorsalis pedis), the continuation of the 
anterior tibial, passes forwards fromibhe bend of the ankle along the tibial side 
of the dorsum of the foot to the back part of the first intermetatarsal space, 
where it divides into two branches, the dorsalis hallucis and communicMing. 

Relations. — This vessel, in its course forwards, rests upon the anterior liga- 
ment of the ankle-joint, the astragalus, navicular, and middle cuneiform bones, 
and the ligaments connecting them, being covered by the integument, fascia and 
anterior annular ligament, and crossed near its termination by the innermost 
tendon of the Extensor brevis digitorum. On its tibial side is the tendon of 

3 A 



722 


ANGIOLOGY 


the Extensor proprins hallucis ; on its fibular side, the innermost tendon of the 
Extensor longus digitorum, and the termination of the anterior tibial nerve. It 
is accompanied by two veins. 

Peculiarities in bizc- — The dorsal artery of the foot may bo larger than usual, to 
compensate for a deficient plantar artery ; or its toriuinal branches to the toes may be 
absent, the toes then being supplied by the internal plantar ; or its place may be taken 
altogether by a large anterior peroneal artery. 

Position. — This artery frequently curves outwards, lying external to the line between 
the middle of the ankle and the back part of the first interosseous space. 

Surface Marking. — ^The dorsalis pedis artery is indicated on the surface of the dorsum 
of the foot by a lino drawn from the centre of the space betueen the two malleoli to the 
back of the first intermetatarsal space. 

Atfpjdied Anatomy. — This artery may bo tied, by making an incision two inc.hos in 
length, through the integument, on the fibular side of the tendon of tho Extensor proprius 
hallucis, in the interval between it and the inner border of the short Extensor muscle. 
The incision should not extend farther forwartls than the back part of the first 
intermetatarsal space, as the artery divides in that situation. The deep fascia being 
divided to the same extent, the artery will be exposed, tho nerve lying upon its outer 
side. 

Branches. — The branches of I lie dorsalis pedis are : 

Tarsal. Dorsalis hallucis. 

Metatarsal — Interosseous. Communicating. 

The tarsal (a. tars(ui lateralis) arises from the dorsalis podis, as that vess(d 
crosses the navicular bone ; it passes in an arched direction outwards, lying upon 
the tarsal hones, and covered by the Extemsor brevis digitorum ; it supplies this 
muscle and the articulations of the tur.sns, and anastomoses with brandies from the 
metatarsal, external malleolar, peroneal, and external jilautar artc^ries. 

The metatarsal (a. arcuata) arises a little anterior to the proeeding ; it passes 
outwards, over the bases of the metatarsal liones, h(*u(‘atli th(‘ tendons of the- 
short Extensor, its direction being inflnenced bv its point of origin: and it', 
anastomoses with the tarsal and external plantar artenies. This vessel gives off 
three dors(d interosseous arteries (aa. metatarsca* dorsales), wiiicli run forwards 
upon the outer three Dorsal interossei, and. in the didts fj(‘tween the- toes, divich*. 
into two dorsal collateral biandie.s ff>r tlie adjoining toes. Af the back ]>art of each 
interosseous space tliese Ac'-ssels receive the- pcKSterior perforating l)raiicli(*s from 
tho plantar arch ; and at the fon? part of each interosseous space tliov arc joined 
bv the anterior perlorating branches, from tho plantar digital arteries. The 
outermost interosseous art(uy gives off a lirancli wdiidi supplies the outer side of 
tho little toe. 

The dorsalis hallucis, or first dorsal interosseous artery, runs forw^ard along 
tho outer border of the first metatarsal bone, and at the cleft between the first and 
second toes divides into two branches, one of which passes inwards, Vioneath tho 
tendon of the Extensor proprius hallucis, and is distributed to tlni inner border of 
the great toe ; the other bifurcates to supply the adjoining sides of the great and 
second toes. 

The communicating dips down into the solo of the foof, hetw^een the two 
heads of the P’irst dorsal interosseous muscle, and anastomoses with the termination 
of the external plantar arteiy, to complete the plantar arch. It h(3re gives off 
its plantar digital branch, wdiich is named the arteria tnagna hallucis. This artery 
passes forw'ards along the first interosseous sjiace, and, after S(‘nding a branch 
along the inner side of the great toe, bifurcates for tho supply of the adjacent sides 
of the great and second toes. 

Posterior Tibial 4rtery (fig. 620) 

The posterior tibial artery (a. tibialis posterior) begins at the, Jow'er 
border of the Popliteiis muscU^, opposite the interval between the tib^and 
fibula ; it extends obliquely downwards, and, as it descends, it appr^iches 
the inner side of the leg, lying behind the tibia, and in the lower part of its 
course is situated midway between the internal malleolus and the tuberosity 
of the 08 calcis. Here it divides beneath the origin of tho Abductor hallucis 
into the internal and external plantar arteries. 
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Belations. — The posterior tibial artery lies successively upon the Tibialis 
posticus, the Flexor longus digitorum, the tibia, and the back part of the ankle- 
joint. It is covered by the deep transverse fascia, which separates it above from 
the Gastrocnemius and Soleus muscles : at its termination it is covered by the 
Abductor hallucis muscle. In the lower third of the leg, where it is more super- 
ficial, it is covered only by the integument and fascia, and runs parallel with the 
inner border of the tendo Achillis. It is accompanied by two veins, and by the 
posterior tibial nerve, which lies at first to the inner side of the artery, but soon 
crosses it, and is, in the greater part of its course, on its outer side. 

Behind the inner malleolus^ the tendons and blood-vessels are arranged, under 
cover of the internal annular ligament, in the following order from within 
outwards : first, the tendons of tlic Tibialis posticus and Flexor longus digitorum, 
lying in the same groove, behind the inner malleolus, the former being internal. 
External to these is the posterior tibial artery, having a vein on either side ; and, 
still more, externally, the posterior tibial nerve. About half an inch nearer the 
heel is the tendon of the Flexor longus hallucis. 

Peculiarities in size. — The posterior tibial is not infrequently smaller than usual, or 
absent, its place being supplied by a largo peroneal artery, which passes inwards at the 
loAverondof the tibia, and (;ithcr joins the small ]>osferior tibial artery, or continues alone 
to the sole of tlic foot. 

Surface Marking. — The course of the posb^rior tibial artery is indicated by a lino 
drawn from a point an inch b(»loA\ the centre of the x)oplitcal space to midway between 
the ti{) of the internal malleolus and tlie centre of the convexity of the heel. 

Applied Anatomp. — The application of a ligature to the j)()sterior tibial maybe required 
in cases of ^Nourid of the. sole ot the foot, attended with great luemorrhage, when the vessel 
should be tied at the inner ankle. In cases of wound of tlic posterior tibial, it will be 
nectissary to enlnrge the o]K‘ning so as to (sxposc^ the vessel at tlie wounded point, excepting 
where the vessel is injur(‘d by a punctured wound from the front of the leg. In cases 
of aneurysm from wound of the artery low d<o\ri, the vessel should he tied in the middle 
of the l(*g. 

To tie tlie ])osterior tibial artery at the ankle, a semilunar incision, convex backwards, 
should be made through the integunu'nt, about two jneh(‘s and a half in lengtii, midway 
between the heel and inne^r ankl(‘, or a. little nearer tlie latter. The subcutaneous cellular 
tissue liaving divided, a strong and dense fascia, tiu' internal aruiuiar ligament, is 
exposed. This ligament is continuous above with the deep fascia of tlie leg, covers the 
vessels and nerves, and is intimately adh(*rent to the sheaths of the teiidon.s. This 
having been cautiously di\ ided ujion a din'ctor. the sh<*ath of the vessels is cxpo.sed, and, 
being openefi, the artery is .seen with om* of the vena^ eomiti's on either side. The aneurysm 
needle should be passed round the vessel from the heel towards the ankle, in order to 
avoi<l the posterior tibial nerve, care at th(‘.same time being taken not to include the vena* 
eomites. 

The vessel may also be tied in the, lower tliird of the leg by making an incision about 
three*, inches in Icn^li, jiarallel with the inner margin of tlie tendo AehilJis. The internal 
saphenous '«'ein being carefully avoided, the two layers of fascia must be divided upon a 
director, w'licn tlie artery is exjiosed along the outer margin of the Flexor longus digitorum, 
with one of its venai comites on cither side, and the nerve lying external to it. 

Ligature of the xiostcrior tibial in llie middle of tlie leg is a very difficult operation, on 
account of the great depth of tluf vessel from the surface. The patient being j^lacod in the 
reournlient position, the injured limb should rest on its outer side, tJie knee being partially 
bent, and the foot oKtended. so as to n^lax the muscles of the calf. An incision about 
four inches in length should then be made througli the integument, a finger s breadth 
behind tlie inner margin of the tibia, care being taken to avoid the, internal saphenous 
vein. The dceqi fascia having been divideil, the, margin of the. Gastrocnemius is exposed, 
and must be drawn asid<*, and the tibial attaeliment of the Soleus divided. The artery 
may now lie felt pulsating beneath the deep fascia, about an inch from the margin of the 
tibia. The fascia liaving been divided, and the limb placed in such a position as to relax 
the muscles of the calf as much as possible, the veins should be separated from the artery 
and the aneurysm needle passed round the vessel from without inwards, so as to avoid 
wounding the posterior tibial nerve. ^ 

Branches. — The branches of the posterior tibial artery are : 

Peroneal. Miiseular. 

Nutrient. Communicating. 

Internal calcanean. 

The peroneal (a. peronsea) lies, deeply seated, along the back part of the 
fibular side of the leg. it arises from the posterior' tibial, about an inch below 
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the lower border of the Popliteus muscle, passes obliquely outwards to the fibula, 
and then descends along the inner side of that bone, contained in a fibrous canal 
between the Tibialis posticus and the Flexor longus hallucis, or in the substance 
of the latter muscle. About two inches above the outer malleolus it divides 
into two terminal branches, the anterior and posterior peroneal, 

Eelations. — This vessel lies at first upon the Tibialis posticus, and then, for 
the greater part of its course, in a fibrous ctinal between the origins of the Flexor 
longus hallucis and Tibialis posticus, covered or surrounded by the fibres of the 
Flexor longus hallucis. It is covered, in the upper part of its course, by the 
Solcus and deep transverse fascia ; below, by the Flexor longus hallucis. 

Peculiarities in origin. — The peroneal artery may arise three indies below the Popliteus, 
or from the posterior tibial high up, or even from the popliteal. 

Its size is more frequently inereasod than diminished ; and then it either reinforces 
the posterior tibial by its jnricfion with it, or altogether takes the place of the posterior 
tibial in the lower part of the log and foot, the latter vessel only existing as a short muscular 
branch. In those rare cases where the peroneal artery is smaller than usual, a branch 
from the posterior tibial supplies its place; and a branch from the anterior tibial 
compensates for the diminislied anterior peroneal artery. In one case the peroneal artery 
was entirely wanting. 

The anterior ijeroneal is sometimes enlarged, and takes the place of the dorsal artery 
of the foot. 

The branches of the peroneal are : 

Muscular. Communicating. 

Nutrient. Posterior ])eroneal. 

Anterior peroneal. External calcanean. 

Muscular branches. — The peroneal arliTV, in its course, gives off branches to the Soleus, 
Tibialis posticus. Flexor longus hallucis, and Peronei muscles. 

The nutrient artery (a. nutritia fibuhe) supplies the fibula. 

The anterior peroneal (ramus perforans) pierces the interosseous membrane, about two 
inches above the outer malleolus, to reacli the front of the log, and, passing dowm beneath 
the Peroneus tertius to the outer side of the ankle, ramifies on the front and outer side 
of tl)o tarsus, anastomosing w^ith the external malleolar and tarsal arUnies. 

Tlic communirating (ramus oominunicans) is given off from the peroneal about an inch 
from its lower end, and passes inwards to join the communicating branch of the posterior 
tibial. 

The ]tr)slerwr peroneal passes down Ijehind the inferior tibio-fibular articulation to the 
ba(*k of the external malleolus, to terminate in l)ranc}ies which ramify on the outer surface 
and back of the os calcis, and anastomo.se with the external malleolar and tarsal arteries. 

I'he e eternal calcanean (rami calcanei laterales) arc the terminal branches of the 
posterior peroneal artery ; they pass to the outer side of the heel, and eommunieato Aiith 
the external malleolar and, on the back of the heel, with the internal calcanean arteries. 

The nutrient (a. nutritia tibuc) of the tibia arises from the posterior tibial, 
near its origin, and after supplying a few muscular brandie.s oiiters the nutrient 
canal of that bone, wliich it traverses obliquely from above dowjiwards. This is 
the largest nutrient artery of bone in the body. , 

The muscular branches of the posterior tibial are distributed to the Soleus 
and deep muscles along the back of the leg. 

The communicating branch (ramus commnnican.s) runs transversely across 
the ])ack of the tibia, about tw'o inches above its lower end, beneath the Flexor 
longus hallucis, to join a similar branch of the peroneal. 

The mtemal calcanean (rami calcanei mediales) are several large arteries 
which arise froni the po.sterior tibial just before its division ; they are distributed 
to the fat and integument behind the tendo Achillis and about the heel, and to the 
muscles on the inner side of the sole, anastomosing with the peroneal and internal 
malleolar and, on the hack of the heel, with the external calcanean arteries. 

The internal plantar (a. plantaris medialis) (figs. 623 and 624), much smaller 
than the external, passes forwards along the inner sides of tlic foot. It is at first 
situated above the Abductor hallucis, and then betw'cen it and the Flexor brevis 
digitorum, both of which it supplies. At the base of the first meti^tarsal bone, 
where it is much diminished in size, it passes alo;ig the inner border of the great 
toe, anastomosing with its digital branch. Small superficial digital branches 
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accompany the digital branches of the internal plantar nerve and join the plantar 
digital arteries of the three inner spaces. 

The external plantar (a. plantaris lateralis), much larger than the internal, 
passes obliquely outwards and forwards to the base of the fifth metatarsal 
bone. It then turns inwards to the interval between the bases of the first and 
second metatarsal bones, where it anastomoses with the communicating branch 
from the dorsalis pedis artery, thus completing the jdantar arch. As this artery 
passes outwards, it is first placed between the os calcis and Abductor hallucis, 


Fig. 623. — ITie plantar arteries. 
Superficial view. 



Fig. 624. — The plantar arteries. 
Deep view. 
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ar I th(‘n between tin* Flexor brevis digitonim and Hexor accessorius ; as it 
passes forwards to the l)ase of the little toe, it lies more sup(*rticially between 
the Flexor brevis digitorum and Abductor minimi di^iti, covered by the deep 
fascia and integument. The remaining portion of the vessel is deeply situated ; 
it extends from the base of th(i metatarsal bone of the little toe to the back part 
of the first interosseous space, and forms the plantai’ arch : it is convex forwards, 
lies below the tarsal ends of the second, third, and fourth metatarsal bones and 
the corresj)onding Interosseous muscles, and upon the Adductor oblicpius hallucis. 

Surface Marking . — The course of the internal plantar artery is represented by a lino 
drawn from the mid-point between the tip of the internal malleolus and the centre of the 
convexity of the heel to the middle of the under surface of the great toe ; the external 
plantar by a line from the same point to within a finger's breadth of the tuberosity of the 
fifth metatarsal bone. The ])lantar arch is indicated by a lino drawn from this point 
i.e. a finger's breadth internal to the tuberosity of the fifth metatarsal bone, transversely 
across the foot to the back of the first interosseous space. 

Applied Anatomy . — AVounds of the plantar arch are always serious, on account of the 
depth of the vessel and the important structures which must be interfei*ed Avith in an 
attempt to ligature it. They must be treated on similar lines to those of wnunds of the 
palmar arches (see page 682). Pressure locally, combined with elevation of the limb, may 
in some coses bo sufficient to arrest the blee^ng, but this failing an attempt should l)e 
made to find the bleeding point and ligature it. Should this prove unsuccessful, it may 
he necessary to ligature the superficial femoral, as ligature of the anterior and posterior 
tibi^ arteries may not bb sufficient to control the haemorrhage, and it is safer and quicker 
to tie thb femoral under the eircumstances. 

- ik'' - ' 
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Branches. — The plantar arch, besides distributing numerous branches to the 
muscles, integument, and fascise in the sole, gives off the following branches : 

Posterior perforating. Digital — Anterior perforating. 

The posterior perforating (rami perforaiitcs) are three small branches, which 
ascend through the back part of the outer three interosseous spaces, between the 
heads of the Dorsal interosseous muscles, and anastomose with the interosseous 
branches from the metatarsal arterv. 

The digital branches (aa. metatarsofe })lantares) are four in number, and 
supply the outer throe toes and half the second toe. The Jirst arises from the 
outer side of the plantai' arch, and is distributed to the outer side of tlie little toe, 
passing in its course beneath the Abductor and Flexor brevis minimi digiti. 'J’lie 
second, third, iiudfourt?i run forwards along the interosseous spaces, and on arriving 
at the clefts betw(‘en the toes divide into collateral branches (aa. digitales plantares), 
which supply the adjaccMit sides of the outer three toes and the outer side of the 
second. Near to its ])oint of bifurcation, each digital artery sends upwards, 
through the fore part of the corresponding interosseous space, a" small branch, the 
anterior pert'orahng arteiif, which anastomoses with the ctirrosponding interosseous 
branch of the metatarsal artery. 

From the di'scription given it will be seen that both sides of the outer three? 
toes, and the? outer side of the second toe, are sui)plicd bv bra]ich(?s from the plantar 
arch ; lK)tli sides of the great too, and the inner side of the second, are sup])licd by 
the arteria rnagna hallucis. 


T^HE VEINS 

The veins conv’ey the blood from the capillaries of the different parts of 
the body to the heart. They consist of two distinct sets of vessels, the 
pulmonary and systemic. 

The Pulmonary Veins arc concern(*d in the circulation in the lungs. 
Unlike other vessels of this kind, they contain ailerial blood, which they return 
from the lungs to the left auricle of the heart. 

The Systemic Veins are concerned in tlie general circulation ; tliey 
return the venous blood from the body generally, to tlie right auricle of the 
heart. 

The Portal Vein, an appendage to the systemic venous system, is con- 
fined to the abdominal cavity, and returns the venous hlnnd frnm iLo spleen 
I and the viscera of digestion to tlie liver. This vessel ramifies in the substance 
I of the liver and breaks up into a niiniite network of capillaries. From tliese 
, capillaries tlie blood is conveyed by tlie hepatic veins to the inferior vena 
cava. 

The veins, like tlie arteries, are found in nearly every tissue of the body. 
They commence by minute iilexuscs which receive tlie blood from the capil- 
laries. The branches wliich have their t*ornmenccment in these plexuses unite 
together into trunks, and these, in their passage towards the heart, constantly 
increase in size as they receive tributaries, or join other veins. The veins 
are larger and altogether more numerous than the arteries ; hence, the entire 
capacity of the venous system is much greater than that of the arterial ; the 
capacity of the pulmonary veins, however, only sliglitly exceeds that of the 
pulmonary arteries. Since the combined area of the smaller venous branches 
is greater than that of the main trunks, the venous system may be compared 
to a cone, the summit of which corresponds to- the heart, its base to the 
wriphery of the body. In form, the veins ai'e cylindrical like the arteries; 
their walls, however, collapse when the vessels are empty, and the uniformity 
of their surfaces is interrupted at intt^rvals by slight constrictions, which 
indicate the existence of valves in their interior. They usually retain, 
however, the same calibre so long as they receive no branches. 

The veins communicate very freely wdth one another, especially in certain 
regions of the body ; and this communication exists between the larger trunks 
as well as between the smaller branches. Thus, between the sinuses of the 
cranium, and between the veins of the neck, where obstruction would be 
attended with imminent danger to the cerebral venous system, large and. 
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very frequent aiiastomoses are found. The same free communication exists 
between the veins throughout the whole extent of the spinal canal, and 
between the veins composing the various venous plexuses in the abdomen 
and pelvis, e.g. the spermatic, uterine, vesical, and prostatic. 

Veins have thinner walls than arteries, the difference in thickness being 
due to the smaller amount of elastic and muscular tissues. The superficial 
veins usually have thicker coats than the deep veins, and the walls of the 
veins of the lower limb are thicker than those of the upper. 

The minute structure of these vessels has been described in the section 
on Histology (pages 69 and 60). 

The systemic veins are subdivided into three sets, viz. superficial and 
deep veins, and venous sinuses. 

The Superficial or Cutaneous Veins are found between the layers of 
the superficial fascia, immediately beneath the integument ; they return 
the blood from these structures, and communicate with the deep veins by 
perforating tlie deep fascia. 

The Deep Veins atJCornpany the arteri'^s, and are usually enclosed in the 
same slieaths with those vessels. With the smaller arteries — as the radial, 
ulnar, brachial, tihial, ])(n*oneal — they exist generally in pairs, one lying on 
each side of the vessel, and are called vencB cornifes. Tiie larger arteries — 
sucli as the axillary, subclavian, jK)pliteal, and femoral — have usually only 
one ace()mpMn\nng vein. In certain organs of the body, how'ever, the deep 
veins do not aecornpany the arteries ; for instance^ the veins in the skull 
and spinal canal, the hejjatic veins in the liver, and the larger veins returning 
blood from tlie bones. 

Venous Sinuses channels whi'^h, in their structure and mode of 
distribution, differ altog(‘th(‘r from tla* veins. They are found only in the 
interior of the skull, and consist of canals formed by a separation of the 
two layers of the dura mater; the outer coat consists of fibrous tissue, 
i the inner of an endothelial lay(‘r eontinuous with the lining membrane of 
the veins. 


THE PULMONARY VEINS 

The pulmonary veins (vena* pulmonales) return the arterialised blood 
from the lungs to the left auriele of the heart. They arc four in number, tw^o 
for each lung, and ar(i destitute of valves. They commenee in a capillary 
network upon the walls of th(^ air-saes, uhere they are continuous witli the 
capillary ramifi(ja lions of tlu* pulmonary artery, and, joining together, form 
oiv* vessel for (;ach lobule. These vessels, uniting successively, form a single 
trunk for each lobe, three for the right, and two for the left lung. The vein 
from the middle lobe of the right lung generally unites with that from the 
upper lobe, so that ultimately tw^o trunks from each lung are formed ; they 
perforate the pericardium and open separately into the upper and back part 
of the left auricle. Occasionally the three veins on the right side remain 
separate. Not- ihfrequently, the two left pulmonary veins terminate by a 
common opening. 

Within the lung, the branches of the pulmonary artery are in front, the veins 
behind, and the bronchi hetw’een the tw^o. 

At the root of the lung, the up])or pulmonary vein lies in front of and a little below 
the pulmonary artery ; the lower is situated helovr the other structures in the 
lung root, and on a plane posterior to the upper vein. Behind the pulmonary 
artery is the bronchus. 

Within the pericardium, their anterior surfaces are invested by the serous layer 
of this membrane. 

The right pulmonary veins pass behind the right auricle and superior vena 
cava ; the left in front of the thoracic aorta. 

Applied ilwofomy. - —Thrombosi s of larger or smaller branches of the pulmonary veins 
is common in inflamedlo^as^f tbi^ung, or as a consequence of pressure from tumours, 
but it does not give rise to any special symptoms. 
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THE SYSTEMIC VEINS 

The systemic veins may be arranged into three groups : 1. The cardiac 
veins. 2. The veins of the head and neck, upper extremity, and thorax, which 
terminate in the superior vena cava. 3. The veins of the lower extremity, 
abdomen, and pelvis, which terminate in the inferior vena cava. 


CARDIAC VEINS 

The coronary sinus (sinus eoronarius) is a wide venous channel about an 
inch in length which receives the majority of the veins draining the blood 
from the substance of the heart. It is situated in the posterior part of the 
auriculo- ventricular groove, and is covered by muscular fibres from the left 
auricle. It terminates in the riglit auricle between the opening of the inferior 
vena cava and the auriculo- ventricular aperture, its orifice being guarded by 
a semilunar valve, the valve of Thebesius. 

Its tributaries are the great, small, and middle cardiac veins, the posterior 
vein of the left ventricle, and the oblique vein of Marshall, all of which, except 
the last, are provided with valves at their orifices. 


Fio. C)25. — Base and postero-inferior surface of heart. 

azygos major 



Poi>tirif,r vein of left ventricle Middle cardiac vein 


1. Thfl great cardiac or left coronary vein (v. cordis mafina) bejrins at the 
apex oi the hoai-t and ascends along tho anterior interventricular groove to the 
base of the ventricles. It then curves to the left in the aiiriculo-vcntricular groove 
to the back of the heart, and oj)on8 into the left extremity of the coronary sinus. 
It receives tributaries from the left auricle and from both ventricles : one of these, 
the kft marginal vein, is of considerable size, and ascends along the left margin 
of the heart. 

2. The small cardiac or right coronary vein (v. cordis parva) runs in the 
groove between the right auricle and ventricle, and opens into the right extremity 
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of the coronary sinus. It receives blood from the back of the right auricle and 
ventricle ; its largest tributary, the right marginal vein, ascends along the right 
margin of the heart and joins it in the auriculo-ventricular groove. 

3. The middle cardiac vein (v. cordis media) commences at the apex of the 
heart, ascends in the posterior interventricular groove, and ends in the coronary 
sinus near its right extremity. 

4. The posterior vein of the left ventricle (v. posterior ventriculi sinistri) 
ascends on the back of the left ventricle to the coronary sinus, but may end in the 
great cardiac vein. 

5. The oblique vein of Marshall (v. obliqua atrii sinistri) is a small vessel 
which descends obliquely on the back of the left auricle and ends in the coronary 
sinus near its right extremity ; it is continuous above with the vestigial fold of 
Marshall, and the two structures form the remnant of the left Cuverian duct. 

The following cardiac veins do not terminate in the coronary sinus : (1) the anterior 
cardiac veins (vv. cordis anteriores), comprising three or four small vessels which 
collect blood from the front of the right ventricle and open into the right auricle. 
The right marginal vein frequently opens into the right auricle, and is therefore 
sometimes regarded as belonging to this group. (2) The veins of Thebesius 
(vv. cordis minimse), consisting of a number of minute veins which arise in the 
muscular wall of the heart; the majorit}' open into the auricles, but a few terminate 
in the ventricles. 


VEINS OF THE HEAD AND NECK 

The veins of the head and neck may be subdivided into three groups : 
1. Th(‘ veins of the exterior of the head and face. 2. The veins of the 
neck. 3. The veins of the diploe and the interior of the cranium. 


Veins of the Exterior of the Head and Face (fig. 626) 
The veins of the exterior of the head and face are: 


Frontal. 

8u])ra-orbital. 

Angular. 

Facial. 


Superficial temporal. 
Internal maxillary. 
Temporo-maxillary. 
Posterior auricular. 

Occipital. 


The frontal vein (v. frontalis) commences on the anterior part of the skull 
in a venous plexus which communicates with the anterior tributaries of the 
temporal vein. The veins converge to form a single trunk, which runs downwards 
near the middle line of the forehead })arallel with the vein of the opposite, side. 
The. two veins arc joined, at the root of the nos(», by a. transverse branch, called 
the nasal arch, which receiviM some small veins from the dorsum of the nose. 
Occasionally the frontal veins join to form a single trunk, whicli bifurcates at the 
root of tlie nose into tlie two ajigular veins. At the root of the nose the veins 
diverge, and, each at the iniioi’ angle of the orbit, joins the supra-orbital vein, to 
Jorm the angular vein. 

The supra-orbital vein (v. sapraorbitalis) commences on the forehead, com- 
municating with tlie anterior temporal vein, and runs downwards and inwards, 
superficial to the Occipito-frontalis muscle; it receives tributaries from the 
neighbouring structures, and joins the frontal vein at the inner angle of the orbit 
to form the angular vein. Previous to its junction with the frontal vein, it sends 
through the supra -orbital notch into the orbit a branch which communicates 
with the ophthalmic vein. As this vessel passes through the notch, it receives a 
diploic vein from the diploe of the frontal bone, through a foramen at the bottom 
of the notch. 

The angular vein (v. angularis), formed by the junction of the frontal and 
supra-orbital veins, runs obliquely downw'ards and outwards, on the side of the root 
of the nose, to the level of the lower margin of the orbit, w'here it becomes the 
facial vein. It receives the veins of the ala nasi on its inner side, and the superior 
palpebral veins on its outer side ; it communicates with the ophthalmic vein, 
thus establishing an important anastomosis between the facial vein and the 
cavernous sinus. 
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The facial vein (v. facialis ahtorior) coitiinoiiccs at llu' side of the root of the 
nose, being a direct continuation of the angular vein. It lies behind the facial 
artery and follows a less tortuous course. It runs obliquely downwards and 
outwards, beneath the Zygomaticus major and minor muscles, descends along the 
anterior border of the Masseter, crosses over the body of the lower jaw, with 
the facial artery, and passes obliquely outwards and backwards, beneath the 
Platysma and cervical fascia superficial to the submaxillary gland. It unites with 
the anterior division of the temporo-maxillary vein to form a large trunk, the 
common facial vein (v. facialis communis), which enters the internal jugular vein. 


Fig. 626. — Veins of the head and neck. 



From near its termination a communicating branch often runs down the anterior 
border of the Sterno-mastoid to join the Iowti part of the anterior jugular 
vein. 

Tributaries. — The facial V(un receives, near the angle of the mouth, a com- 
municating tributary of considerable size, the dec/p facial vein^ from the pterygoid 
plexus. It is also joined by the inferior palpebral, the superior and inferior labial, 
the buccal and the masseteric veins. Below the jaw it receives the submental ; 
the inferior palatine which returns tlie blood from the plexus around the tonsil 
and soft palate ; the submaxillary wdiich commences in the submaxillary gland ; 
atid, generally, the ranine vein. 
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Applied Anatomy . — There are somo points about the facial vein which render it of 
groat imj>ortance in surgcr\\ It is not so flaccid as are most superficial veins, and, in 
eonsoquonco of this, remains more patent when divided. It has, moreover, no valves. It 
communicates freely with the intracranial circulation, not only at its commencement by 
the angular and supra-orbital veins which communicate with the ophthalmic vein, a 
tributary of the cavernous sinus, but also by the deep facial vein, which communicates 
through the pterygoid plexus with the cavernous sinus by branches which pass through 
the foramen ovale and foramen lacerum medium (see page 730). These facts have an 
important bearing upon the surgery of some diseases of the face ; for on account of its 
patency the facial vein favours septic absorption, and therefore any phlegmonous inflam- 
mation of the face following a poisoned wound is liable to set up thrombosis in the facial 
vein, and detached portions of the clot may give rise to purulent foci in other parts of the 
body. On account of its communications with the cerebral sinuses, these thrombi are 
apt to extend upwards into them, and so induce a fatal issue ; this has been known to 
follow facial carbuncle. 

The superficial temporal vein (v. temporalis superficialis) commences on the 
side and vertex of the skull in a i)loxu8 which communicates with the frontal and 
supni-orbital veins in front, the corresponding vein of the opposite side, and the 
]M>st<*rior auricular and occipital veins behind. PVom this netw’ork anterior and 
posterior brandies arise, and unite above the zygoma to form the trunk of the 
vein, which is joined in this situation by a large vein, the twiddle temporal 
(v. t»*mporali.s media), from the .substance of the Temporal muscle. It then cro.s.se8 
tin' ]>osterior root of the zygoma, enters the substance of the parotid gland, and 
unites with the. internal maxillary vein to form the temporo-maxillary vein. 

Tributaries. — The tempor.il \ein receives in its course some parotid veins, 
arlieular veins from the temporo-mandibul.ar joint, anterior auricular veins from 
the i‘xternal ear, and a vein of large size, the transverse facinJ (v. transversa faciei), 
from th(‘ side of the face. The middl(‘ temporal vein. pr(‘,vious to its junction with 
tlie temporal vein. n*('eives the orbital rein, whidi is formed by some external 
jialjiebral braneh(‘s, and ])asses backwards betweim the layers of the temporal 
fascia. 

TIi(‘ pterygoid plexus (])lcxus ])terygoideus) is of considerable size, and is 
sitnat<Ml between tlie Tem]K)ral and External ])terygoid, atid partly botweem the 
two Pterygoid muscles. It receives tributaries corresponding with the branches of 
the internal inaxillary artery. Thus it recei\es the middle meningeal, the deep 
temporal, tin* pterygoid, masseteric Imccal. alvo(»lar. somo palatine veins, and the 
inferior dental, and a brancli wJiieh communicates Avifh tlie o])hthaImic vein 
througli tlie spheno-maxillarv fissure. This ])lexu.s communicates ver}’ freely 
with the facial vein ; it also commiinieates with tlie caveniou.s sinus, by branches 
through the foramen Vesalii, foramen ovah*, and foramen lacerum medium, at the 
ba.se of the skull. 

The internal maxillary vein (v. maxillaris interna) is a short trunk which 
accompaiihvs the first part of tlie internal maxillary art(*ry. It is formed hy a 
confluence of the veins of the ])t(‘rygoid plexus, and ])asses l)a(•kw^ards betw'een 
the internal lateral ligament and the neck of the mandible, and unites with the 
temporal vein to form the teni})oro-maxillary vein. 

The temporo-maxillary vein (v. facialis posterior), forim'd hy the union of the 
temporal and internal maxillary *H»ins, de.scends in the substance of the parotid 
gland, superficial to the external carotid artery but beneath the facial nerve, 
between the ramus of the mandible and the 8terno-mastoid muscle. It dixudes 
into two branches, an anterior, which passes iinvards to join the facial vein, and a 
posterior, w^hich is joined by the posterior auricular vein and becomes the external 
jugular. 

The posterior auricular vein (v. auricularis posterior) commences upon the 
side of the head, in a ])lexus which communicates with the tributaries of the 
temporal and occipital veins. It descends beliind the external ear, and joins the 
po.sterior division of the tcmporo-maxillarv vein to form the external jugular. 
It receives the stylo-mastoid vein, and some tributaries from the back j^art of the 
external ear. 

The occipital vein (v. occipitalis) commences in a plexus at the back part of 
the vertex of the skull. From the plexus emerges a single vessel, wdiich pierces 
the cranial attachment of the Trapezius and, dipping into the sub-occipital 
triangle, joins the deep cervical vein. Occasionally it follows the course of the 




down the neck, in the direction of a line drawn from the angle of tha mandible 
to the middle of the clavicle. In its course it crosses the Sterno- mastoid muscle, 
and in the subclavian triangle perforates the deep fascia, and terminates in 
the subclavian vein, on the outer side or in front of the Scalenus anticus 
muscle. It is separated from the Sterno-mastoid by the investing layer of 
the deep cervical fascia, and is covered by the Platysma, the superficial fascia, 
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and the integument ; it crosses the superficial cervical nerve, and its upper 
half runs parallel with the great auricular nerve. The external jugular vein 
varies in size, bearing an inverse proportion to the other veins of the neck ; 
it is occasionally double. It is provided Math two pairs of valves, the lower 
pair being placed at its entrance into the subclavian vein, the upper pair 
in most eases about an inch and a half above the clavicle. The portion 
of vein between the tw'^o sets of valves is often dilated, and is termed the sinus. 
These valves do not prevent the regurgitation of the blood, or the passage 
of injection from beloM" upwards. 

Applied Anatomy. — Vcaesection used formerly to be performed on the external jugular 
Vein, but is now probably never resorted to. The anatomical point to be remembered in 
})erforming this operation is to cut across the til.ues of the Platysmain opening the vein, 
so that by their contraction they will expose the brilico in the vein and so allow the flow 
of blood. 

Tributaries, — This vein receives the occipital occasionally, the posterior 
c.xternal jugular, and, near its termination, the transverse cervical, suprascapular, 
and anterior jugular veins ; in the substance of the parotid, a large branch of 
comm unication from the internal jugular joins it. 

The posterior external jugular vein coni- iences in tlie occipital region and 
returns the blood from the integument and superficial museJes in the upper and 
back part of the n(‘ck, lying >)otweeii the Splenius and Trapezius muscles. It 
runs down the back part of the neck, and opens into the external jugular just 
below the middle of its course. 

The anterior jugular vein (v. jugularis anterior) commetices near the hyoid 
bone from tlie confluence of vseveral superficial veins from the submaxillary region. 
It descends between the. median line and the anterior border of the Steriio-mastoid, 
and, at the lower part of the neck, pa.sses beneath that muscle*, to open into the 
termination of the external jugular, or, in some instances, into the subclavian vein 
(figs. 02(5, (327). It varies considerably in size, bearing usually an inverse pro- 
portion to the external jugular ; most frecjuently there are two anterior jugulars, 
a right and l(*ft ; but sometimes only one. Its tributaries are some laryngeal 
veins, and occasionally a small thyroid vein. Just above the sternum, the two 
anterior jugular V(*ins communicate by a transverse trunk, wliich receives tributaries 
from the inferior thyroid veins ; each also comTtiunicates Math th(j internal jugular. 
Tlierc are no valves in this vein. 

Tho internal jugular vein (v. jugularis interna) collects the blood from 
tlio interior of the cranium, from tin? superficial ])arts of the faee, and from tho 
neck. It is directly continuous Avitli tlie lateral sinus, and eonimences in the 
posterior compaTtmemt of the jugular foramen, at tJie ba.sp of tlie skull (fig. (336). 
At its origin it is sonnnvhat dilated, and this dilatation is called the sinus, or 
hif^h (bulbus veiia^ jugularis sujierior). It runs down the side of tlie neck in a 
vertical direct ion, lying at first on outer side of the internal carotid artery, 
and then on the outer side of the common carotid, and at the root of tho neck 
unites with the subclavian vein to form tlie innominal e vein. At its conimeiice- 
luont it lies upon the Rectus capitis lateralis, behind the internal carotid artery 
and the nerves pyissing througli the jugular foramen ; lower down, the vein 
and artery lie upon tlie same plane, the glosso- pharyngeal and hypoglossal 
nerves passing fotM ards betMecn them ; the i^neumogastric descends betv een 
and behind them in tho same sheath, and the spinal accessory runs obliquely 
outM^ards, behind or in front of the vein. At the root of tho neck the right 
internal jugular vein is placed at a little distance from the common carotid 
artery, and crosses the first part of the subclavian artery, Mdiile the left internal 
jugular vein usually overlaps the common carotid artery. The left vein is 
usually smaller than the right, and each contains a pair of valves, Mdiicli arc 
placed about an inch above the termination of the vessel. 

Tributaries. — The vein receives in its course tho inferior petrosal. sinus, 
the common facial, lingual, pharyngeal,superior and middle thyroid veins, and 
sometimes^ the occipital. At its point of junction with the common facial vein 
it becomes greatly increased in size. 

The inferior petrosal sinus (sinus petrosus inferior) loaves the skull through 
the anterior compartment of the jugular foramen, and joins the vein near its 
commencement. 
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The lingnal veins (vv. linguales) commence on the dorsum, sides, and under 
surface of the tongue, and, passing backwards along the course of the lingual 
artery and its branches, terminate in the internal jugular. The ranine vein, a 
branch of considerable size, comnumcing below the tip of the tongue, may join the 
lingual ; generally, however, it passes backwards on the Hyo-glossus muscle in 
company with the hypoglossal nerve, and joins the facial. 

The pharyngeal veins (w. pharyngeae) begin in the 'pharyngeal plexus on the 
wall of the pharynx, Jind, after receiving meningeal tributaries, and the Vidian 
and spheno-palatine veins, terminate in the internal jugular. They occasionally 
open into the facial, lingual, or superior thyroid vein. 

The superior thyroid vein (v. thyreoidea superior) (fig. 628) begins in the 
substance and on the surface of the thyroid gland, by tributaries corresponding 
with the branches of the superior thyroid artery, and terminates in the upper 
part of the internal jugular vein. It receives the superior laryngeal and 
crieo-thyroid veins. 



The middle thyroid vein (v. thyreoidea media) (fig. 628) collects the blood 
from the low-^er part of the lateral lobe, of the thyroid gland, and after being joined 
by some veins from the larynx and traclica, terminates in the lower part of the 
internal jugular vein. 

The facial and occipital veins have been described above. 

Applied Anatomy . — The internal jugular vein requires ligature in cases of septic 
thrombosis of the lateral sinus from suppuration in the middle ear, in order to prevent 
septic emboli being carried into the general circulation. This operation has been performed 
recently in many cases, with the most satisfactory results. The cases are generally those 
of chronic disease of tlu^ middle oar, with discharge of pus which perhaps has existed for 
many years. The i)aiient is seized with acute septic inflammation, spreili^ing to the 
mastoid cells, and setting up septic thrombosis of the lateral sinus extending to the 
internal jugular vein. Such cases are always extremely grave, for there is a dancer of a 
portion of the septic clot being detached and causing septic embolism in the wioracic 
viscera. If the condition be suspected, the diseased bone should be removed at once 
from the mastoid process. The sinus is then investigated, and if it be found thrombosed. 
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the surgeon should proceed to ligature the internal jugular vein, by an incision along the 
anterior border of the sterno-mastoid, the centre of which is on a level with the greater 
cornu of the hyoid bone. The vein should be ligatured in two places and divided l)etween. 
After the vessel has been secured and divided, the lateral sinus is^ to be thoroughly 
cleared out, and by removing the ligature from the upper end of the divided vein, all septic 
clots removed by syringing from the sinus through the vein. If haemoiTliage occur from 
the distal end of the sinus, it can be arrested by careful plugging with antiseptic 

The internal jugular vein is also surgically important, because it is surrounded by 
a large number of the deep chain of cervical lymphatic glands ; and when those are 
enlarged in tuberculous or malignant disease, they are apt to become adherent to the 
vessel, rendering their removal difficult and often dangerous. The proper course to 
pursue in these cases is to ligature the vessel above and below the glandular mass, and 
resect the included portion together with the glands. 

Cardiac pulsation is often demonstrable in the internal jugular vein at the root of the 
neck. There are no valves in the innominate veins or superior vena cava ; in consequence, 
the systole of the right auricle causes a wave to pass up these vessels, and when the 
conditions are favourable this w^ave ap|)ears as a somewhat feeble flicker over the internal 
jugular vein at the root of the neck, quite distinct from, and just preceding, the more forcible 
impulse transmitted from the underlying common carotid artery and due to the ventricular 
systole. This auricular systolic venous impulse is much increased in conditions in whic^h 
the right auricle is abnormally distended with blood or is hypertrophied, as is often 
the case in disease of the mitral valves. In Stokes- Adams' disease (p. Cll) it is this 
pulsation which gives evidence of the fact that the auricles are beating faster — often tw’O 
or throe times faster — than the ventricles. 

The vertebral vein (v. vortebvaliM) is formed in the Riiboccipital triangle, 
fronx numerous small tributaries wliicdi spring from UK’s intraspinal venous 
plexuses and issue from the spinal canal above' the posterior arch of the atlas. 
They unite with small veins from the deep muscles at the up^xcr and back 
part of the neck, and form a vessel which jxassc's outxvards and enters the 
foramen in tlie transverse process of the atlas, and desceixds, forming a dense 
plexus around the vertebral artery, hi tlie canal formed by t lu^ foramina in the 
transverse process(\s of the cervical vertebric. This plexus unites at tlu^ lower 
part of the neck into a singh^ trunk, wdiich enuu’ges from the foramen in the 
transverse process of the sixtli (‘(Tvical vertebra, and terminates at the root of 
tlie neck in the back part of 1 lie innominate vein near its origin, its mouth being 
guarded by a pair of valves. On the right side, it crosses Ibo first part of the 
subclavian artfjiy. 

Tributaries. — The veitebral vein receives in its course a vein from the inside 
of tlie skull through the postcrioi condyloid foramen ; muscular veins, from the 
muscles in the prcvertebral region ; posterior-spinal veins, from the back part (>f 
th (5 cervical portion of the vertcibral column ; intra-spinal veins, from tlu*. interior 
of the spinal canal ; the. aiitcnior and posterior vertebral veins ; and close to its 
termination it is sometimes joined by the first intercostal vein. 

The anterior vertebral vein commences in a plexus around the transvi^rse 
processes of the upper cervical vertobne, ‘descends in company' with the ascemding 
cervical artery betw'cen the Scalenus anticus and Kectus capitis anticus major 
muscles, and opens into tlie vertebral vein jnst before its termination. 

The posterior vertebral or deep cervical vein (v. (;ervicalis jirofunda) 
accoi|Tipanies the •profunda ccrvicis artery, lying between the Complexus and 
Scmispinalis colli. It commences in the suboccipital ri'.gion by communicating 
branches from the occipital vein and tributaries from the do(*p muscles at the 
back of the neck. It receives tributaries from the plexuses around the spinous 
processes of the cervical vertebrae, and terminates in the lowrer end of the vertebral 
vein. 


Veins of the Piploe (fig. 629) 

The diploic veins (venae diploicae) occupy channels in the cancellous 
tissue of the cranial bones. 

They are large and exhibit at irregular intervals pouch-like dilatations ; 
their walls are thin, and formed of endothelium resting upon a layer of 
elastic tissue. 

In adult life, so long as the cranial bones are distinct and separable, tJicse 
veins are confined to the particular bones ; but in old age, w-hen the sutures 
are united, they communicate with each other, and increase in size. They 
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oommunicate, in the interior of the cranium, with the meningeal veins and 
the sinuses of the dura mater ; and, on the exterior of the skull, with the 
veins of the pericranium. They consist of (1) the frontal (v. diploica frontalis), 
which opens into the supra-orbital vein by an aperture in tlie supra-orbital 
notch ; (2) the anterior temporal (v. diploica temporalis anterior), which is 
confined chiefly to the frontal bone, and opens into one of the deep temporal 

Fia. 629. — ^Veins of the diploe as displayed by the removal of the outer table 

of the skull. 



veins, through an aperture in the great wing of tlie sphenoid ; (3) the posterior 
temporal (v. diploica temporalis posterior), which is situated in the parietal 
bone, and terminates in the lateral sinus, through an aperture at the postero- 
inferior angle of the parietal bone or through the mastoid foramen ; and 
(4) the occipital (v. dijdoiea occipitalis), tlie largest of the four, which is 
confined to the occipital bone, and opens either externally into the occipital 
vein, or internally into the lateral sinus or torcular Herophili. 

Veins of the Brain 

The veins of the brain (venae cerebri) possess no valves, and their walls, 
owing to the absence of muscular tissue, arc extremely thin. They pierce the 
arachnoid membFane, and the inner or meningeal layer of the dura mater, 
and open into the cranial venous sinuses. They may be divided into two sets, 
cerebral and cerebellar. 

The cerebral veins consist of (a) the superficial veins which are placed 
on the surface of the' brain, and (6) the deep veins which occupy its interior. 

The superficial cerebral veins ramify upon the surface of the cerebrum, being 
lodged in the sulci between the convolutions, a few running across the convolu- 
tions. They receive tributaries from the cerebral cortex, and arc divisible into two 
sets, superior and inferior. 

The superior cerebral veins (vv. cerebri superiores), eight to twelve in number 
on either side, return the blood from the convolutions on the superior surface of the 
hemisphere ; they pass forwards and inwards towards the great longitudinal 
fissure, where they receive the veins from the median surface of the hemisphere ; 
near their termiiiiiTions they become invested with tubular sheaths of the arachnoid 
membrane, and open into the superior longitudinal sinus, in the opposite direction 
tb the course of the current of the blood in the sinus. 

The inferior cerebral veins (w. cerebri inferiores) ramify on the lower part of 
the outer, and on the under, surfaces of the cerebral hemisphere. One of large size, 
the middle cerebral, or superficial Sylvian vein (vena cerebri media), commences on 
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the surface of the temporal lobe, and, running along the fissure of Sylvius, opens 
into the cavernous sinus. Another large vein, the great ancisiomaiic vein of Trolard^ 
connects the superior longitudinal and cavernous sinuses, by becoming continuous 
above with one of the superior cerebral veins, and below by joining the middle 
cerebral vein. A third, the posterior anasiomotw vein of Lahhc, connects the 
middle cerebral vein with the lateral sinus by coursing over the temporal lobe. A 
fourth, the basilar vein (v. basalis [Rosenthali]), is formed at the anterior perforated 
spot by the union of (a) a small anterior cerebral wm which accompanies the anterior 
cerebral artery, (6) the deep Sylvian vein wdiich receives tributaries from the island 
of lieil and neighbouring convolutions, and runs in the lower part of the Sylvian 
fissure, and (c) the inferior striate veins which leave the corpus striatum through 
the anterior perforated space. The basilar vein passes backwards round the crus 
cerebri, and ends in tlie vein of Gahm ; it niceives tiibutaries from the interpedun- 
cular space, th(i de.scendiiig horn of the lateral A^entricle, the uncinate gyrus, and 
the raid-brain. Small inferior cerebral veins from the under surface of the frontal 
lobe end in the cavernous sinus ; others from the temporal lobe terminate in the 
superior petrosal and lateral sinus(‘s. 

The deep cerebral veins (vv. cerebri interme) are collected into tw o large trunks, 
named the veins of Galen, Each of tliese is lormed by the union of two veins, the 
vena corporis striati and the choroid vein (v. choroidea). Thcjy run backwards, 
parallel with ojie another, betw’^een the layers of tin*, velum interpositum, and 
beneath the splenium of the corpus callosum, wdj(»Te they unit(j to foi*m a. short 
trunk, the vena magna (Udeni (v. cerebri magna), which ends in the anterior 
extremity of the straight sinus. .lusf. before th(‘ir union each re(*(uves the 
corresponding basilar vein. 

The vena corporis striati commenec^s in the groove betw^een the (corpus striatum 
and thalamus, receiv(*.s numerous veins from both of these parts, and unites 
bchiitd the anterior pillar of the fornix with the choroid vein, to form one of the 
venfc Galeni. The choroid vein runs along the wliohi length of the outer border 
of the choroid plexus, and rciccuves veins from th(^ hippocampus major, the fornix 
and the corpus callosum. 

The cerebellar veins arc placed on the surface of the cerebellum, and 
are disposed in t-wo sets, superior and inferior. The superior cerebellar veins 
(vv. ccrebelli suf)criores) pass partly for\vards and inwards, across the superior 
vermis, to terminate in tln^ straight sinus and vena^ Galeni, partly outwvards 
to the lat(*ral and superior petrosal sinuses. The inferior cerebellar veins 
(vv. cerebclli inferion^s), of large size, terminate in the lateral, superior 
petrosal, and occipital sinuses. 

SiNrsKs OF THE l)i RA Mater 

The sinuses of the dura mater (sinus durm matris) arc venous cliannels wdiieli 
tbain the? blood from the brain ; they art' situated between tlie two layers of the 
dura mater and lined by endothelium eoritinuouswith that which lines the veins. 
They are fourteen in number, of wdiich six are single and situated in the middle 
line ; the other eight are paired, four being placed on either side of the middle 
line. They may be divided into two groujjs : (1) a postero-superior group 
situated at the upper and back part of the skull, and (2) .an antero-infei*ior 
group at the base of the skull. 

The postero-suj^erior group eom])rises the 

Superior longitudinal sinus. Straight sinus. 

Inferior longitudinal sinus. Tw'^o lateral sinuses. 

Occipital sinus. 

The superior longitudinal sinus (sinus sagittalis superior) (fig. 630) occupies 
the attached margin of the f.alx cerebri. Commeneing at the foramen caecum, 
through which it communicates by a small braiu^h with the veins of the nasal 
fossae, it runs from before back\vards, grooving the inner surface of the 
frontal, the adjacent margins of the tw'o parietals, and the superior division 
of the crucial ridge of the occipital ; near the internal occipital protuberance 
it deviates to one or other side (usually the right), and is continued as the 
corresponding lateral sinus. The sinus is triangular in section ; it is nan’ow in 
front, and gradually increases in size as it passes backwards. Its inner surface 

3 B 
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presents the openings of the superior cerebral vems, which run, for the most 
part, from behind forwards, and open chiefly at the back part of the sinus, 
their orifices being concealed by fibrous folds ; numerous fibrous bands 
(chordas Williaii) ext/end transversely across the inferior angle of the sinus ; 
and, lastly, small openings communicate with venous lacunm in the dura 
mater, into which small white bodies, the glandules Pacchionii, project. The 

Fio, 630. — Superior longitudinal sinus laid open after removal of the skull-cap. The 
chordffl VVillisii are clearly seen. The parasinoidal sinuses are also well shown ; 
from two of them probes are passed into the superior longitudinal sinus. (Poirier and 
Charpy. ) 



superior longitudinal sinus receives the superior cerebral veins, veins from 
the dijfioe and dura mater, and, at the posterior extremity of the sagittal 
suture, veins from the pericranium, whicli pass tlirough the parietal foramina. 

Applied Anatomy . — The numerous communications which take place between this 
sinus and the veins of the nose, scalp and diplo(‘, cause it to bo fiequently the seat of 
infective thrombosis from suppurative processes in these parts. 

The inferior longitudinal sinus (sinus sagittajis inferior) (fig. 631) is 
contained in the posterior half or two-thirds of the free margin of the falx 
cerebri. It is of a cylindrical form, increases in size as it passes backwards, 
and terminates in the straight sinus. It receives several veins from the falx 
cerebri, and occasionally a few from the mesial surface of the hemispheres. 

The straight sinus (sinus rectus) (figs. 631, 632) is situated at the line of 
junction of the fahe cerebri with the tentorium cerebelli. It is triangular in 
section, increases in size as it proceeds backwards, and runs obliquely downwards 
and backwards from the termination of the inferior longitudinal sinus to the 
lateral sinus of the opposite side to that into which the superior longitudinal 
sinus is prolonged. Its terminal part communicates by a cross branch with 
the torcular Herophili. Besides the inferior longitudinal sinus, it receives the 
vena magna Galeni and the miperior cerebellar veins. A few transverse bands 
cross its interior. 
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The lateral sinuses (figs. 631, 632) are of large size, and commence at the 
internal occipital protuberance; one, generally the right, being the direct 

Ftg. 631. — Sagittal section of the skull, showing the sinuses of the dura mater. 


Torrular Herophili 



Foramen c<rrnvi 


Fig. 632. — Tentorium cerebelli from above. 



continuation of the 'superior longitudinal sinus, the other of the straight sinus. 
Each lateral sinus (sinus trans versus) passes outwards and forwards, describing 
a slight curve with its convexity upwards, to the base of the petrous portion 
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of the temporal bone, and is situated, in this part of its course, in the attached 
margin of the tentorium cerebelli ; it then leaves the tentorium and curves 
do^\n^\ards and inwards to reach the jugular foramen, wliere it terminates in 
the internal jugular vein. In its course it rests upon the inner surface of the 
occii)ital, the postcro-inferior angle of the parietal, the mastoid portion of 
the temporal, and on the occipital, again, just before its termination. The 
portion of the sinus which occupies the groove on the mastoid part of the 
temporal is known as the sigmoid sinus. Tlie lateral sinuses are frequently of 
unequal size, tJiat formed by the superior longitudinal sinus being the larger; 
they increase in size as they pro(*ecd from behind forwards. The horizontal 
portion is of a prismatic form, tlu^ curved portion semicylindrical. The inner 
surfaces are smooth, and not crossed by the fibrous bands found in the other 
sinuses. They receive tiic blood fi-oin the superior petrosal sinuses at the base 
of tlu‘ })etrous portion of tlie temporal bone; they communicate with the veins 
of the pericranium by means of the mastoid and condyloid emissary veins ; 
find they receiv^c some of the inferior cerebral find inferior cerebellar veins, 
and some veins from the diploe. Th(‘ petrosquamous sinus, when present, 
runs backwards along the junction of the ])etrous and squamous portions of 
the temporal, and opens into tJie lateral sinus. 

Tlie occipital sinus (sinus occipitalis) (fig. 631) is the smallest of the cranial 
sinuses. It is generally single, but occasionally there are two. It is situated in 
the attached margin of the falx cerebelli. It commences around the margin of 
the foramen magnum by several small veins, one of which joins th(‘ termination 
of the lateral sinus ; it communic'ates with the posterior spinal veins, and 
terminates in the torcuhir iiero))lhli. 

The torcular Herophili. or conjlucnce of the sinuses (confluens sirmurn) is 
the term applied to the dilated extremity of the superior longitudinal sinus. 
It is of irregular form, and is lodged on one side (generally the right) of tlu^ 
internal occipital protuberance. From it the lateral sinus of the side to which 
it is deflec.ted is derived. It reeinves also the blood from the occij)ital sinus, 
and is connected across the middle line vith the commencement of the 
lateral sinus of the opposite side. 

The antero-inferior group of sinuses comprises the 

'fwo cavernous sinuses. Two superior petrosal sinuses. 

Circular sinus. Tw o inferior petrosal sinuses. 

Basilar sinus. 


cavernous sinus. 


Internal randtd artertj 
Carer non 8 sin ns 


The cavernous sinuses arc so named because they presmit a reticulati^d 
structure, due to their being traversed by numerous interlacing filaTiu‘nts. 
They are of irregular form, larger behind than in front, and are placed one on 

either side of the body of the 
Fio. 633. — Oblique sec?tion through the sphenoid, extending from the 

sj)henoidal fissure to the apex 
of the petrous portion of the 
temporal bone. Each cavernous 
sinus (sinus cavernosus) receives 
anteriorly the superior ophthal- 
mic vein through tlu^ sphenoidal 
fissure, and opens behind into 
the petrosal sinuses. On the inner 
wall of each sinus is the internal 
carotid artery, accompanied by 
filaments of the carotid plexus 
and by the sixtli nerve ; and on 
the outer wall, the third and 
fourth nerves, and the ophthalmic 
and superior maxillary divisions 
of the fifth nerve (fig. 635). 
Tliese parts are separated from the blood flowing along the sinus by the 
lining membrane, which is continuous with the inner coat of the veins. The 
cavernous sinus receives some of the cerebral veins, and also the small 
spheno-parietal sinus (sinus sphenoparietalis), which extends inwards on the 


Third ntr VC- 
Fourth nerve 

Ophthalmic tirm 
SiJ'tti nerve 
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under aspect of the lesser wing of the splienoid. It communicates with the 
lateral ainus by means of the superior petrosal sinus ; with the internal jugular 
vein through the inferior petrosal sinus and tlirougJi a plexus of veins on the 
internal carotid artery ; w'ith the pterygoid venous plexus through the foramen 
Vesalii or foramen ovale, and with the angular vein through the ophthalmic 
vein. The two sinuses also communicate with each other by means of the 
circular- sinus. 

Ajiplied Anatomy. — An arterio-venous communication may be established between 
the cavernous sinus and tlic internal carotid artery, giving rise to a pulsating 
tumour in tlie orbit. These communications may be the result of injury, such as a bullet 
wound, a stab, or a blow or fall sufficiently severe to cause a fracture of the base of the 
skull in this situation, or they may occur from the rupture of an aneurysm or a diseased 
condition of the internal (‘.arotid artery. The symptoms arc sudden noise and pain in 
the head, followed by exophthalmos, swelling and congestion of the lids and conjunctiva), 
and development of a pulsating tumour at the margin of the orbit, with thrill and the 
characteristic bruit ; accompanying tliese symptoms there may be im])airmcnt of sight, 
paralysis of the iris and orbital musch's, and pain of varying intensity. In some cases the 
opposite orbit becomes affected by the passage of the arterial blood into the opposite 
sinus by means of the circmlar sinus ; or the arl 3rial blood may find its way through tho 
emissary veins (see i)age 743) into the pterygoid i)lexus, and Ihenct) into tho veins of tho 
face. Pulsating tumours of tlui orbit may also br due to traumatic aneurysm of one of 
tho orbital arteries, and symptoms resembling those of ])ulsating tumour may be produ(jed 
by pressure on the ophthalmic vein, as it enters the sinus, by an aneurysm of the internal 
carotid arti^ry. Ligaturt‘ of the internal or common carotid artery has been performed 
in these cases with some degree of success. 

Of recent years more attention has been paid to thi’ombosis of the cavernous sinus 
than formerly, and it is now' well established that caries in the uj»per j)arts of the nasal 
fossae and suppuration in certain of the* accijssory sinuses of the nose, are frequently 
responsible for septic thrombosis of thi* cavernous sinus(»s, in exactly the same way as 
lateral sinus thrombosis is due to septi<* disease in the mastoid process. Many deaths 
from meningitis, hitherto unaccounted for, are in reality duo to the spread of an infection 
from an ethmoidal or sphenoidal air coll to the cavernous sinus, and thence to the meninges. 
It is obvious, therefore, that no (jase of chronic nasal supi)uration should be left 
untreated. 

The ophthalmic veins (fig. 634) an* two in nuuiber, superior and inferior. 

The superior ophthalmic vein (v. o])htlialmica superior) connects the angular 
vein at the inner angle of lln^ orbit \vith tho cavernous sinus ; it jmrsues the 


Fin. 034. — ^\^cins of orbit. (Poirier and Charpy.) 



same course as the ophthalmic artery, and receives tiibutaries corresponding 
to th(*. branches derived from that vessel. Forming a short single trunk, it 
passes through the inner extremity of the splienoidal fissure, and terminates 
in the cavernous sinus. 
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The inferior opthalmic vein (v. ophthalmica inferior) receives the veins 
from the floor of tlie orbit, and either passes out of the orbit through the spheno- 
maxillary fissure to join the pterygoid plexus of veins ; or else, passing back- 
wards through the sphenoidal fissure, it enters the cavernous sinus, either by 
a separate opening, or more frequently in common with the superior ophthalmic 
vein. 

The circular sinus (sinus circularis) (fig. 635) is formed by two transverse 
vessels, tlie anterior and posterior intercavernous sinuses, which connect 
together the two cavernous sinuses : one passes in front of and the other 
behind the pituitary body, and thus they form with the cavernous sinuses a 
venous circle around that body. The anterior one is usually the larger of the 
two, and one or other is occasionally absent. 

The superior petrosal sinus (sinus petrosus superior) is situated along 
the superior border of the petrous portion of the temporal bone, in the 
attached margin of the tentorium. It is small and narrow, and connects 
the cavernous and lateral sinuses, opening into the latter as it curves down- 
wards on the inner surface of the mastoid part of the temporal bone. It receives 

Fi(j. 635. — The sinuses at the base. of the skull. 



some cerebellar and inferior cerebral veins, and veins fi’om the tympanic 
(?avity. 

Tjhe inferior petrosal sinus (sinus petrosus inferior) is situated in the 
groove formed by the junction of the posterior border of the petrous portion 
of the temporal with the basilar process of the occipital. It begins in tlie 
cavernous sinus, and, passing througli the anterior - compartment of the 
jugular foramen, ends in the commencement of the internal jugular vein. 
The inferior petrosal sinus receives the veins from the internal ear 
(vv. auditiv<e internas) and also veins from the medulla, pons, and under 
surface of the cei(*bcllum. 

The exact relation of the parts to one another in the jugular foramen is as 
follows (fig. 636) : the inferior petrosal sinus is in front, with the meningeal 
branch of the ascending pharyngeal artery, and is directed obliquely downwards 
and backwards ; the lateral sinus is situated at the back part of the foramen 
with a meningeal branch of the occipital artery, and between the two are the 
glo8So-pharyngeal,pneumogastric, and spinal accessory nerves. These three sets of 
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stiactuies are divided from each other by two processes of fibrous tissue. The 
junctiou of the inferior petrosal sinus with the internal jugular vein takes place 
superficial to the nerves, so that these latter lie a little internal to the venous 
channels in the foramen. 

The basilar sinus (plexus basilaris) consists of several interlacing veins 
between the layers of the dura mater over the basilar process of the 
occipital bone, which serve to connect the two inferior petrosal sinuses. They 
communicate with the anterior spinal veins. 

E i a ifl aai:y.Jfiins. — The emissary veins are vessels wliich pass through apertures 
in the cranial wall and establish communications between the sinuses inside the 
skull and the veins external to it. Some of these arc always present, others only 
occasionally so. They vary much in size in difEerent individuals. The principal 
emissary veins arc the following. 1. A vein (c missarium mastoideum), almost 
always present, runs through the mastoid foramen and unites the lateral sinus 
with the posterior auricular or with the occipital vein. 2. A vein (emissarium 


Fig. 636. — Relation of structures in jugular foramen. 



parietale) passes through the parietal foramen and connects the superior longi- 
tudinal sinus with the veins of the scalp. 3. A plexus of minute veins (rete 
caualis hypoglossi) traverses the anterior condyloid foramen and joins the lateral 
sinus with the vertebral vein and deep veins of the neck. 4. An inconstant vein 
(emissarium condylpideum) j)asses through the posterior condyloid foramen and 
connects the lateral sinus with the deep veins of the neck. 5. A plexus of veins 
(rete foraminis ovato) unites the cavernous sinus with the pterygoid and 
pharyngeal plexuses through the foramen ovale. 6. Two or three small veins 
run through the foramen lacerum medium and connect the cavernous sinus 
with the pterygoid and pharyngeal plexuses. 7. There is sometimes a small 
vein passing through the fora men of Vesalius connecting the same parts. 8. A 
plexus of veins (plexus venosus cardticus internus) traverses the carotid canal 
arid unites the cavernous sinus with the internal jugular vein. 9. A vein is 
transmitted through the fo ramen caecu m and connects the superior longitudinal 
sinus with the veins of the mucous Membrane of the nose. 
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Applied Anatomy . — These emissary veins together with the other communications 
between the intra- and extra-cranial circulation are of great importance in surgery. 
Inflammatory processes commencing on the outside of the skull may travel inwards 
through them, and lead to osteo-phlobitis of the diploe and inflammation of the 
membranes of the brain. To this in former days was to bo attributed one of the 
principal dangers of wounds of the scalp. 

By means of these emissary veins blood may be abstracted almost directly from the 
intracranial circulation — e.g. leeches applied behind the ear drain blood almost directly 
from the lateral sinus, through the mastoid vein. Again, epistaxis in children will 
frequently relieve severe headache, the blood which flows from the nose being partly 
derived from the superior longitudinal sinus by moans of the vein passing through the 
foramen eupcum. 


VEINS OF THE UPPER EXTREMITY AND THORAX 

The veins of the upper extremity ai-e divided into two sets, superficial 
and deep. 

Tho superficial veins are placed immediately beneath the integument 
between the two layers of superficial fascia. 


Fio. 6.37. — -The veins on tho dorsum of the liand. (Bourgery.) 
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Both sets of vessels are provided with valves, which are more numerous 
in the deep than in the superacial. 

The superficial veins 

of the upper extremity superfioial veins of the upper extremity, 

are. the ^ 


Digital. 

Metacarpal. 

Cephalic. 

Basilic. 

Median . 

Digital veins. — ^The 

dorsal digital veins pass 
along the sides of the 
fingers and are joined to 
one anothei* by oblique 
coinniunical ing branches. 
Those from tlie adjacent 
sides of the index, middle, 
ring, and little fingers 
unite to form three dorsal 
metacarpal veins (vv. 
mctacarpeaj dorsales) , 
whicli terminate in a 
dorsal venous arch (fig. 
()37) opposite tlie middle 
of the metacarpus. The 
arch is convex distally ; 
its radial extremity is 
joined by the dorsal 
digital vein from the 
radial side of the index 
finger and by the dorsal 
digital veins of t he thumb, 
and is prolonged upwards 
as the cephalic vein. Tlie 
ulnar extremity of th(^ 
arcdi receives the dorsal 
digital v(dn of the ulnar 
side of the little finger and 
is continued upwards as 
tlie basilic vein. A com- 
municating branch fre- 
quently connects the 
dorsal venous arch with 
the cephalic vein, about 
tJie middle of the forearm. 

The palmar digital 
veins (vv. digitales 
volares) on each finger are 
connected to one another 
and to the dorsal digital 
veins by oblique vessels 
(v V. intercapitulares) . 

They drain into a venous 
plexus which is situated 
over the thenar and hypo- 
thenar eminences and 
across the front of the 



wrist. 


The cephalic vein (v. cephalica) (fig. 638) begins in the radial end of the 
dorsal vehous arch and winds upwards round the radial border of the forearm, 
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receiving tributaries from both surfaces. Below tlie front of the elbow it gives 
oif the vena mediana cubiti, which passes across to join the basilic. It then 
ascends in front of the elbow in the OToove between the Brachio-radialis and 
the Biceps. It crosses superficial to the musculo-cutaneous nerve and ascends 
in the groove along the outer border of the Biceps. In the upper third of the 
arm it passes between the Poctoralis major and the J)eltoid, where it is accom- 

{ anied by the descending or Immoral branch of the acromio-thoracic artery, 
t pierces tlie costo-eoracoid membrane and, crossing the axillary artery, ends 
in the axillarj^ vein just below the clavicle. 

The accenfiorif cephalic vein fv. cophalica accessoria) arises either from a 
small tributaiy plexus on the bacik of the forearm or from the ulnar side of the 
dorsal venous arch ; it joins the cephalic below the elbow. In some cases the 
accessoi’y cephalic springs from the cephalic above the wrist and joins it again 
higher up. A large oblique branch frequently connects the btasilic and cephalic 
veins on the back of the forearm. 

The basilic vein (v. basilica) (fig. 638) bcigins in the ulnar end of the 
dorsal venous arch. It runs up the posterior surface of tlie ulnar side of the 
forearm and inclincjs forward to the anterior surface below the elbow, wliere it is 
joined by the vena mediana cnbiti. It ascends obliquely in the groove between 
the Biceps and Pronator teres across the bracliial artery, from which it is 
separated by the bicipital fascia ; filaments of the internal cutaneous nerve pass 
both in front of and behind this portion of the vein. It then runs upwards 
along the inner side of the Biceps, perforates the deep fascia a little below the 
middle of the arm and, ascending on the inner side of the brachial artery to 
the lower border of the Teres major, is continued onwards as the axillary vein. 

The median vein (v. mediana antibrachii) diains the plexus on the palmar 
surfaccj of the hand. It ascends on the ulnar side of the front of the forearm 
and ends in the basilic vein or in the vena mediana cubiti ; in a small proportion 
of cases it divides into two branches, one of which joins the basilic, the other 
the cephalic, below the elbow .* 

Applied Anatomy, — Venesection is generally porformed at the bend of the elbow, and 
as a mailer of practice the largest vein in this situation is commonly selected. Ihis is 
usually the vena mediana cul)iti (median basilic), and there are anatomical advantages 
and disadvantages in selecting this vein. The advantages are, that in addition to its 
being the largest vessel and therefore yielding a greater sujjply of blood, it is the least 
movable and can be easily steadied on the bicipital fascia on which it rests. The 
disadvantciges are, that it is in close relationship with the brachial artery, separated 
only by the bicipital fascia ; and formerly, ,vhen venesection was frequently jiractisod, 
arterio-venous aneurysm was no uncommon result of this practice. 

Iniravenous infusion of normal saline solution is very frequently required in modem 
surgery for all conditions of severe shock and after profuse haiinorrhages, the older 
method of transfusion of blood having quite sunk into oblivion. Tlie patient’s arm is 
surrounded by a tight bandage so as to impede the venous return, and a small incision is 
made over the largest, vein visible in front of the elbow ; a double ligature is now passed 
around the vein, and the lower one is tied ; the vein is then opened and a (janula connected 
with a funnel by tubing and filled with hot saiiiic solution is inserltjd. The bandage is 
next removed from the arm, and two, three, or more pints of fluid uj-e allowed to flow 
into th(>* vein ; when a sufficient quantity has gone in, the upper li^ture round the vein 
is tied and a stitch put in the skin wound. 

The deep veins of the upper extremity follow the course of tlie arteries, 
forming their venae comites. They are generally arranged in pairs, and ar^ 
situated one on either side of the corresponding artery, and connected at 
intervals by short transverse branches. 

Two digital veins accompany each artery along the aides of the fingers : 
these, uniting at the bases of the fingers, pass along the interosseous spaces in 
the palm, and terminate in the two veiijc coraites which accompany tlie 
superficial palmar arch. Branches from these vessels on the radial side of 
the hand accompany the superficialis volae, and on the ulnar side terminate 
in the deep ulnar veins. The deep ulnar veins, as they pass in front of the 
wrist, communicate with the interosseous and superficial veins, and, at the 

♦ Consult an article by Perry and Newton, Anatomucher Anzeiyer^ Band xxxiii.,, December 
190S. 
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elbow,’ unite with the deep radial veins to form the ven® comites of the 
brachial artery. 

The interosseous veins accompany the anterior and posterior interosseous 
arteries. The anterior interosseous veins commence in front of the wrist, 
where they communicate with the deep radial and ulnar veins ; at the upper 
part of the forearm they receive the posterior interosseous veins, and terminate 
in the venae comites of the ulnar artciry. 

The deep palmar veins ac<iompany the dcci> palmar arch, being formed 
by tributaries wiiich follow the ramifications of that vessel. They com- 
municate with tlie deep ulnar veins at the inner side of the hand, and on the 
outer side terminate in the vense comites of tlic radial artery. At the wTist, 
they receive a dorsal find a palmar tributary from the thumb, and unite with 
the venae comites of the radial artery. 

Th(^ brachial veins (v\'. brachiales) nro placed one on either side of the 
brachial artery, receiving tributaries corresjionding with the branches given 
off from that vessel ; near the lower margin of tlic Subscapularis, they join the 
axillary vein ; the innt‘r of the two frequently joins the basilic vein. 

These deep veins have numerous anastomoses, not only with each other, 
but also with th<i superficial veins. 

Th(i axillary vein (v. axillaris) is of large size, and is the continuation 
upwards of tlic basilic vein. It commences at the lower border of the Teres 
major, increases in size as it ascends, by recf^iving tributaries corresponding 
with the branches of the axillary artery, and terminates immediately beneath 
the clavicle at the outer border of the first rib, wluire it becomes the subclavian 
vein. This vessel is covered in front by the PeeAoral muscles and costo- 
coracoid membrane, and lies on the thoracic side of the axillary artery, wdiich 
it partially overlaps. N('ar tiie lower margin of the Subsea jmlaris it receives 
the vente comitc'S of th<^ brachial artery, find, near its termination, the cephalic 
vein. It is provided with a ]3air of valv(‘S opposite the lower border of the 
Subscapubiris muscle ; valves are also found at the terminations of the 
c(‘phalic and suhscfipiilar v(‘ins. 

Applied Since the axillary vein is superficial to and larger than the axillary 

artery, wiiicli it ov’crlaps, it is more liable to be wounded than the artery in tho operation 
of extirpation of the axillary glands, especially as these glands, when diseased, are apt to 
become adherent to it. W^ien it is w^ouiided, there is always a danger of air being drawn 
into its interior, and death resulting. To avoid wounding the axillary vein in the 
extirpation of glands from the axilla, it is always advisable to expose the vein as soon 
as possible ; no sharp cutting instruments should be used after tho axillary cavity lia.s 
been freely exposed ; and care should 1x3 taken to use no undue force in isolating the 
glands (see page 773). Should the voin be so imbedded in a malignant deposit that the 
latter cannot be removed w'ithout taking away ?i part of the voin, this must bo done aftei* 
the vessel has been ligatured above and below. 

The subclavian vein (v. sulwdfivia), the continuation of tlie axillary, 
extends from the outer bordcu' of tlie fii’st rib to the inner end of the clavicle, 
where it unites with the internal jugular to form the innominate vein. It is 
in relation, in front, wdth the clavicle and Siibclavius muscle ; behind and 
above, with the subclavian artery, from which it is separated internally by 
the Scalenus aniicus muscle and idircnic nerve. Below, it rests in a depression 
on the first rib and upon the pleura. It is usually provided with a pair of 
valves, which are situated about an inch from its termination. 

The subclavian vein occasionally rises in the neck to a level with the third 
part of the subclavian artery, and in one or tw^o instances has been seen passing 
with this vessel behind the Scalenus antieus. 

Tributaries. — This vein receives the external jugular vein, sometimes the 
anterior jugular vein, and occasionally a small branch from the cephalic. At 
its angle of junction with the internal jugular, the left subclavian vein receives 
tho thoracic duct ; while the right subclavian vein receives the right lymphatic 
duct. 

The innominate or brachio-cephalic veins (w. anonymse dextra et 
sinistra) (fig. 639) are two large trunks, placed one on either side of the root 
of the neck, and formed by the union of the internal jugular and subclavian 
veins of the corresponding side. 
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The right innominate vein is a short vessel, an inch in length, which 
commences at the inner end of the clavicle, and, passing almost vertically 
downwards, joins with the left innominate vein just below the cartilage of the 
first rib, close to the right border of the sternum, to form the superior vena 
cava. It lies superficial and external to the innominate artery ; on its right 
side is the phrenic nerve, and the j^leura is here interposed between it and the 
apex of tlie lung. This vein, at the angle of junction of tlie internal jugular 
with the subclavian, receives the right vertebral vein ; and, lower dowTi, the 
right internal mammaiy, right inferior thyroid, and somelimes the right 
superior intercostal veins. 

The left innominate vein, about two and a lialf inches in length, and 
larger than tlie right , passes from left to riglit across tlie upper part and front 
of the chest, at the same tim(‘ inclining downwards, to unites with its fellow^ of 
the oi^posite side, and form tlie superior vena cava. It is in relation, in 
front, with the manubrium sterni, from which it is s(‘parated by the Sterno- 
hyoid and Sterno-thyroid muscles, the thymus gland or its remains, and some 
loose areolar tissue. Beliind it are the three laige arteri(\s arising ‘from the 
arch of the aorta, tog(‘ther with the vagus and jjhrenic nen-ves. This vi\ssel is 
joined by the left verUibral, Mt int<^rnal mammary, left inferior thyroid, and 
the left superior intercostal veins, and occasionally some thymic and peri- 
cardiac veins. There are no valv(\s in the innominate veins. 

Peculiarities . — Sometimes the iniiomiiiate veins open separately into the right auricle ; 
in such cases the riglii vein takes the ordinary course of tlie superior vena cava : but the 
loft vein — left superior vena cava, as it< is termed -after communicating by a small branch 
with the riglit one, passes in front of the root of the left lung, and, turning to the hack of 
the heart, receives the cardiac veins, and t(^rminates in the back of the right auricle. This 
occasional condition in the adult is due to the persistence of the early fcetal condition, and 
is the normal state of things in birds and some mammalia. 

The internal mammary veins (vv. mammariic interme), two to cadi internal 
mammary artery, follow the course of that vessel, and receive tributaries corre- 
spoJidiiig to its branches. The two veins unite into a siiighj trunk, vvliich terminates 
in the corrospondiug iuiioininato vein. The superior phrenic rein (i.e. the vein 
accompanying the arteria comes nervd phrenici) usually opens into the internal 
mammary vein. 

The inferior thyroid veins (vv. tliyreoideic inferiores), two, frequently three 
or four, in number, arise in the venous plexus on the thyroid body, communicating 
with the middle and superior thyroid veins. They form a plexus in front of the 
trachea, behind the 8teriio-tliyroid muscles. From this plexus, a left vein descends 
and joins the left innominate trunk, ajid a right vein passe.s oblicpiely dowmw'ards 
and outwards across the innominate artiOry to ojien into the right iimominate 
vein, just at its junction w itii the superior vena cava. These veins receive 
msophageal, tracheal, and inferior laryngeal veijis, and are jirovided w'ith valves 
at tlieir termination in the ijinomiiiate veins. 

Ihe superior intercostal veins (right and left) drain the blood from tAvo or 
three of the intercostal spac.es below' the first. The rifjht vein (\'. intercostalis 
suprema dextra) passes downwards and inwards and opens into the vena azygos 
major ; tlie left (v. intercostalis suprema sinistra) runs across the arrh of the aorta 
and opens into the left innominate vein. It iismilly receives the left bronchial 
and left superior phrenic vein, and coiunmnieates below with the vena azygos 
minor suptuior. The vein from the first intercostal spa(;e opens directly into the 
corresponding v(?rtebral or innominate vein. 

The vena cava superior receives the blood wdiich is conveyed to tlie heart 
from the wJiolc of the ujipiT half of the body'. It is a short trunk, varying 
from two inches and a half to throe inches in length, formed by the junction 
of the two iimominate veins. It commences immediately below the cartilage 
of the first rib close to the sternum on the right side, and, descending vertically, 
imters the pericardium about an inch and a half above the heart, and terminates 
in the upper part of the right auricle opposite the upper bordcu* of the third 
right costal cartilage. In its course it dt‘scribcs a slight curve, tlie convexity 
of which is to tlie riglii side. 

Belations. — In front, it is in relation w'ith tlie pericardium and the process 
of cervical fascia which is continuous with that sac ; these separate it from the 
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thymus f^land, and from the second and tliird costal cartilages ; behind, with the 
root-'of the right lung. On its right side, it is in relation with the phrenic nerve 

FiCJ. 030. — The venjc cav.-x* and azygos veins, with their formative branches. 



and right pleura ; on its le/t side, with the commencement of the innominate 
artery and the ascending part of the aorta, the latter overlapping it. Just before it 
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enters the pericardium, it receives the vena azygos major and several small veins 
from the pericardium and parts in the mediastinum. The portion contained 
within the pericardium is covered, in front and laterally, by the serous layer of 
that membrane. The superior vena cava has no valves. 

The azygos veins (fig. 639) are three in number ; they collect the blood 
from the majority of the intercostal spaces, and connect the superior and 
inferior venae cavae. 

The vena azygos major (v. az3^goH) commences oiiposite the first or 
second lumbar vertebra, by a branch, the ascending lumbar vein (v. lumbalis 
ascondens) connecting the right lumbar veins; sometimes by a branch from the 
right renal vein, or from the inhirior vena cava. It enters the thorax through 
the aortic opening in the Diaphragm, and passes along the right side of the 
vertebral column to the fourth thoracic vertebra, where it arches forw'ard over 
the root of the right lung, and terminates in the superior vena (java, just before 
that vessel enters the pericardium. While passing through the aortic opening, 
it lies wdth the tlioracic duct on the right side of the aorta ; and in the thorax 
it lies upon the intercostal arteric^s, on the right side of tlie aorta and thoracic 
duct, and is i)artly covered by pleura. 

Tributaries. — Jt receives the subcostal vein and the lowcji* ten intercostal veins 
of the right side, the upper two or throe of these latter opening first of all into 
the right sup(jrior intercostal vein. It receives the azygos minor veins, several 
(Dsophageal, mediastinal, and pericardial veins; near its t(jr mi nation, the right 
bronchial vein ; and generally the right superior intercostal vein. A few imperfect 
valves are found in this vein; but its tributaries are provided with complete 
valves. 

The intocostal veins on the left side, below’ tlic three upper int('rcostal 
spaces, usually form two trunks, named vena azygos minor inferior and vena 
azygos minor superior. 

The vena azygos minor inferior (v. lumiiazygos) commences in tlie lumbar 
region, by a branch (ascending lumbar) connecting the lumbar veins or by a 
branch from the left renal. It enters the thorax, through the h'ft crus of \h(‘ 
Diaphragm, and, ascending on tlie left side of the vert(jbra] column, as high 
as the ninth tlioracic \'crtcbra, passes across the column, behind tlie aorta, 
(esophagus, and thoracic ducjt, to terminate in the vena azygos major. It 
receives the lower four or five intercostal vtdns and the subcostal vein of the 
left side, and some ocsopJiageal and mediastinal veins. 

The vena azygos minor superior (v. hemiazygos aceessoria) varies 
inversely in size with tlie hjft superior intercostal. It rt^eeives veins from the 
intcn'eostal spac(*s betAveen the left superior intercostal vcmii and high(*st tributary 
of the Icjft lower azygos. Tlu^y are usually throe or four in number, and join 
to form a trunk whiidi either crosses the body of the eighth thoracic vertebra 
to join the vena azygos major (jr ends in the vena azygos minor superior. 
When this vein is small, or altogether wanting, the left superior intercostal 
vein will extcuid as low’ as the fifth or sixth intercostal space. It sometimes 
njccives the left bronchial vein. 

Applied Anatemiy . — In obstructiuii of the inferior vena cava, the tizygos veins are one 
of the xirincipai means by which the venous circulation is carried on, connecting as they 
do the superior and inferior venje cavaEj, and communicating with the common iliac veins by 
the ascending lumbar veins and withjiiany^ the tributaries of the inferic^' vena cava* 

Thrombosis of the superior vena cava is oftenesl due to pressure exerted on the vessel 
by an aneurysm or a tumour ; it may also occur by propagation of clotting from a 
tributary perix)]ioral vein. If occlusion of tho vessel take jdaoe slowly, a collateral venous 
circulation may Iw established ; the patient will have some (edema with dilatation and 
congestion of tlie veins about the head and neck, and may also suffer from attacks of 
dyspnoea and recurrent pleural effusion. In most cases, however, the blockage of the 
superior cava takes x»lace rapidly, and is rapidly fatal. 

The bronchial veins (vv. broiichiales) return the blood from the larger bronchi, 
and ffom the structures at the roots of the lungs ; that of the right side opens into 
the vena azygos major, near its termination ; that of the left side, into the left 
superior intercostal vein or vena azygos minor superior. A considerable quantity 
of the blood which is carried to the lungs through the bronchial arteries is returned 
to the left side of the luiart through the pulmonary veins. 
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The Spinal Veins (figs. 640, 641) 

The spinal veins may be arranged into four groups, viz. : 

1. The extra-spinal veins. 

2. The intra-spinal veins, between the vertebrae and the dura mater. 

3. The veins of the bodies of the vertebrae. 

4. The veins of the spinal cord. 

1 . The extra-spinal veins form an anterior and a posterior spinal plexus. 

The anterior spinal plexus (plexus venosi vertebrales anteriores) is situated on 
the frojit of the bodies of the vertebne, and is best marked in the cervical region. 
It consists of relatively small 
vessels, which anastomose witli 
the intraspinal veins and the 
veins from the bodies of the 
vertebrje, and open into the deep 
cervical, intercostal, lumbar, and 
lateral sacral veins in the re- 
spective Ti^gions of th(‘ vertcdnal 
column. 

The posterior spinal plexus 
(plexus venosi vertebrales pos- 
teriores) receives tributaries from 
the integunient of the back and 
from the muscles in the vertebral 
grooves. It forms a complicated 
network, which surrounds the 
spinous processes, the larnirue, 
and the transverse and articular 
])roces8es of all the vertebra). 

It communica-ti's with the intra- 
spinal veins by branches which 
jierf orate the ligamejita subflava 
and others which pass through 
the intervertebral foramina. It 
terminates by joining the ver- 
tebral veins in the neck, the intercostal veins in the thorax, and the lumbar and 
sacral veins in the loins and pelvis. 

2. The intra-spinal veins (vv. spinalcs interna?) are situated between the dura 
mater and the vertebra*. They consist of two longitudinal plexuses, one of which 
runs along the posterior surfaces of the })()di ‘s of the vertel)!}© (anterior longitudinal 

spinal veins) ; the other (posterior 
longitudinal spinal veins) is 
placed on the inner or anterior 
surfaces of the lamina? of the 
vertc])ra‘. 

The anterior longitudinal 
spinal veins consist of two large, 
tortuous veins, which extend 
from tlu‘ foramen magnum to 
the base of the coccyx, being 
placed one on either side of the 
posterior surface of the bodies 
of the vertebrae, along the mar- 
gin of the posterior common 
ligament. They communicate 
through the foramen magnum 
with the basilar and occipital 
sinuses, and give off branches 
which unite above the atlas to form the commencement of the vertebral vein. They 
also communicate with one another opposite each vertebra by a transverse trunk, 
which passes beneath the posterior common ligament ; these transverse branches 
receive the venop hasivert^ales from the interior of the vertebral bodies. The 
anterior longitudinal spinal veins are least developed in the cervical and sacral 


Fig. 04j. — ^Vertical section of two tJiorat?ie 
vertebra*, showing the spinal veins. 



Fio. 640. — Transverse section of a thoracic 
vertebra, showing the spinal veins. 

'stcrior Npinnl j>lr.i’us 
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regions. They are not of uniform size throughout, being alternately ^lildrged 
and constrictedi At the intervertebral foramina they communicate "with ' the 
posterior spinal plexus, and with the vertebral veins in the neck, with 'the 
intercostal veins in the thoracic region, and with tlie lumbar and sacral veins in 
the corresponding regions. * * 

, The 'posterior longitudinal spinal veins ^ smaller than tin? anterior, are situated 
one on either side, between the inner surfaces of the laniina3 and the di?ra mater. 
They communicate (like the anterior), opposite the vertebrai, by transverse trunks ; 
and w'ith the anterior longitudinal veins, ])y lateral transverse branches, which 
pass from behind forwards. They join with the posterior sj)inal plexus by branches 
which perforate the ligamcnta siibflava, and communicate through the interverte- 
bral foramina wdth the vertebral, intercostal, lumbar, and sacral veins. 

3. The veins of the bodies of the vertebree (vv. basivertebrales) emerge from 
the foramina on the posterior surfaces of the vertebral bodies. They are contained 
in large, tortuous channels in the substance of the bones, similar in every respect 
to those found in the diploi* of llie cranial bones. They communicate through 
small openings oji the front and sides of the bodies of the vertebroe with the anterior 
spinal plexus, and converge to the principal canal wdiich is sometimes double 
towards its posterior part, and o})en into the transverse? branches wdiieh unite the 
anterior longitudinal veins. They become greatly enlarged in advanced age. 

4. The veins of the spinal cord are situated in the pia maler and form a 
minute, tortuous, venous plexus covering the entire surface of tin? cord. They 
emerge chiefly from the median furrows of the cord and are largest in the lumbar 
region. In this plexus thiuc arc : (1) two median longitudinal veins, one in front 
of the anterior fissinc^, and the other behind the posterior fissure of the cord ; 
and (2) four lateral longitudinal veins which run behind the nerve-roots. Near 
th(i base of the skull th(?y unite, and form two or three small trunks, which com- 
municate with the vertebral veins, and then terminate in the inferior cerebellar 
veins, or in the inferior petrosal sinuses. Each of the spinal nerves is accompanied 
by a branch as far as the intervertebral foramen ; here this branch joins the other 
veins from the spinal canal. 

There are, no valves in tlie spinal veins. 


\'EIiNS OF THE LOA\ EH EXTREMirY, ABDOMEN, AND PEL\IS 

The veins of the 1ow(t extreunity arc subdivided, like those of the upper, 
into two sets, supcu'ficial and deep : the superficial vtiins aro placed beneath 
the integument, betw een the tAv o layers of superficial fascia ; the deep veins 
accompany the arteries, and form the veine comites of those vessels. Both 
sets of veins are provided with valves, which are more? numerous in the 
deep than in the superficial set. A'alves are also more numerous in tlie v(‘ins 
of the low^er than in those of the uppen* limb. 

The superficial veins of the lower extremity are the internal or long 
saphenous, and the external or short saphenous. 

On the dorsum of the foot is a venous arch (arcus venosus dorsalis pedis), 
situated in the superficial fascia over the anterior extremities of the nudatarsal 
hones. Its convexity is direeded forw'ards, and receives the veins from the 
upper surfaces of the toes ; at its corujavity it is joined by numerous small 
veins, w'hich form a plexus on the dorsum of the foot. The arch terminates 
internally in tlu* long saphenous, externally in the short saphenous vein. 

The internal or long saphenous vein (v. saphena magna) (fig. 642) com- 
meiu*(‘s at the inn(?r side of the venous arch on the dorsum of the fool ; it ascends 
in front of the inner malleolus, and along the inner side of the leg, behind the 
inner margin of tlie- tibia, in relation w ith the internal saphenous nerve. At 
the knee, it passes behind the inner condyle of the femur, ascends along the 
inside of the thigh, and, passing through the saphenous opening in the fascia 
lata, terminates in t hisr femoral vein about an inch and a half below Poupart’s 
ligament. It receives in its course cutaneous lributari(\s from the leg and thigh, 
and at the saph(?nous opening (fig. 643) the superficial eingastrie, superficial 
circumflex iliac, and sup(3rficial external pudie veins. The veins from the inner 
and back ..part of the thigh frecpiently unite to form a large vessel (v. saphena 
accessoria) which enters the main trunk near the saphenous opening ; and 



Fi«. 642. — 1'be internal or long saphenous 
vein and its tributaries. 
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som^imes tlioae on the outer side of the thigh join to form another large 
veyel ;\So that oocasionally three large veins are seen converging from different 
parts of the thigh towards the saphenous opening. The internal saphenous 
vein communicates in the foot with 
.the ihternal plantar vein ; in the leg, 

’with the posterior tibial veins, by 
branches; which perforate the tibial 
origin of the Soleus muscle, and also 
with the anterior tibial veins ; at the 
knee, with the articular veins ; in the 
thigh, v'ith the femoral vein by one 
or more branches. The valves in this 
vein vary from ten to twenty in 
number ; they are more numerous in 
the thigh than in the leg. ■ 

The external or short saphen- 
ous vein (v. saphena parva) (fig* 644) 
commences at the outer side of the 
venous arch on the dorsum of the 
foot; it ascends behind the outer 
malleolus, and along the outer border 
of the tendo Aehillis, across which it 
passes to reach the middle line of the 
posterior aspect of the h'g. Running 
directly upwards, it perforates the 
deep fascia in the lov er pait of the 
popliteal sjuice, and ttn-minates in the 
popliteal vein, between tlie heads of 
the Gastrocnemius niuscde. It ie(?eives 
numerous large tributaries from the 
back part of the leg, and (;ommuni- 
cates with the deep veins on tlui 
dorsum of the foot, and b(^liind the 
outer malleolus. Before it perforalc's 
the deep fascia, it gives off a e.om- 
municating branch, which jiasses 
upwards and inwards to join the 
internal saphenous vein. The external 
saphenous vein contains from nine to 
twelve valves, one of wliich is always 
found near its termination in the 
popliteal vein. The external saphenous 
nerve lies close beside this vein. 

Applied Ajiatomy . — A varicose condition 
of the saphenous veins is more frequently 
met with than in the other veins of the 
body, except perha]^ the spermatic and 
hasmorrhoidal veins. The main cause of 
this is the high blood-pressure, determined 
chiefly by the erect position, and the length 
of the column of blood, which has to be 
propelled in an uphill direction. In 
normal vessels there is only just sufficient 
force to perform this task ; and in those 
oases where there is diminished resistance 
of the walls of the veins, these vessels 
are liable to dilate and a varicose con- 
dition is set up. This diminished resistance 
may be due to heredity, the vein-walls 
being congenitally weak, or it may follow 
inflammatory conditions of the vessels. 

Increased blood pressure in the veins, caused by any obstacle to the return of the 
venous blood, such as the pressure of a tumour, or the gravid uterus, or tight gartering, 
may €^o produce varix. In the normal condition of the veins, the valves in their interior 
bre^ up the column of blood into a number of smaller columns, and so to a considerable 

3 0 




764 


ANGIOLOGY 


extent mitigate the fll effects of the erect position ; but when the dilatation of the veins 
.h,as roached'a certain limit, the valves Income incapable of supporting the overlying 
column of blood»,and the pressure is increased, tending to emphasise also the varicose 
condition. Both the saphenous veins in the leg are accompanied by nerves, the internal 
saphenotis being Jbined by its companion nerve just below the level of the knee-joint. 
No doubt much of the pain of varicose veins in the leg is due to this fact. 

Operations for the relief of varicose veins are frequently required, portions of the veins 
being removed after having been ligatured above and below. It is important to note 

643. — The internal saphenous vein and its tributaries at the 
* ' saphenous opening. 



whether the main varicose area drains into the internal or the external saphenous vein — 
the former condition being muc;h the more common — and to control«the venous return by 
removing a small portion of the main trunk just before it opens into the deep vein by 
passing through the deej) ftiscia ; thus in most castjs a piece should be removed from the 
internal saphenous just before it passes through the saphenous opening, and in addition 
the alTcctod veins should be excised just above and just below the level of the knee-joint. 
In other cases the external saphenous will have to be dealt with immediately below the 
point where it pierces the fascial roof of the popliteal space. 

Tlio deep veins of the lower extremity accompany the arteries and 
their branches, and arc called tlie venm cimites of those vessels. 

The external and internal plantar veins unite to form the posterior 
tibial veins (w. tibiales posteriorcs), which accompany the posterior tibial 
artery, and are joined by the peroneal veins (vv. peronaeae). 

The anterior tibial veins (w. tibiales anteriores) are the upward con- 
tinuations of the venae comites of the dorsalis pedis artery. They leave the 
front of the leg by passing between the tibia and fibula, over the interosseous 
membrai% and form, by their junction with the posterior tibial, the 
popliteal vein. 
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The valves in the deep veins are very numerons. > ..** . ' 

The popliteal vein (v. poplitea) is formed by the junction of the venae 
cornites of the anterior and posterior tibial arteries at the lowet border of the 
Popliteus muscle; it ascends through the popliteal space fa) the tendinous, 
aperture in the Adductor magnus, where it becomes the* femoral vein. In 
the lower part of its course it is placed internal to the artery ; between the 
heads of the Gastrocnemius it is superficial to that vessel ; but above the ' 
knee-joint, it is close to its outer side. It receives tributaries corresponding 
to the branches of the popliteal artery, and it also receives the' external 
saphenous vein. The valves in this vein are usually four in number. 

The femoral vein (v. femoralis) accompanies 
the femoral artery through the upi)er two- thirds Pm. 644. — External or short 
of the tliigh. In the lower part of its course saphenous vein, 

it lies (external to tlie artery ; higher up, it is 
behind it ; and at Poupart’s ligament, it lies to 
its inner side, and on the same plane. It 
receives numerous muscular tributaries, and 
about an incli and a half belo>v Poupart’s liga- 
ment it is joined by the pi'ofunda femoris : near 
its termination it is joined by the internal 
saphenous vein. Tiie valves in the femoral v(‘in 
are three in number. 

The pro! vnda femoris vcid(\. profunda femoris) 
receives tributaries corresponding to th(^ jier- 
furating branches ol the profunda artery, and 
through these establishes communications with tlu^ 
popliteal vein below and the sciatic vein above. 

It also receives the internal and external circumflex 
veins. 

The external iliac vein (v. ilioca exttuna) 

(fig. 645) commences at the termination of llie 
femora] , beneath Poupart’s ligament, and, passi ng 
upwards along the brim of the pelvis, terminates 
opposite the sacro-iliac articulation, by uniting 
with the internal iliac to form the common iliac 
vein. On the right side, it lies at first along the 
inner side of the external ilia(; artery ; but, as it 
tft, passes upwards , gradufilly incl ines behind it. On 
the left side, it lies altogether on the inner side 
of the artery. It receives, immediately above 
Poupart’s ligament, thedc^ep (epigastric and deep 
circumttex iliac veins, and a small pubic vein 
corresponding to the pubic branch of the 
obturator artery. It frequently contains omi, 
sometimes two, valves. 

Tributaries. — The external iliac vein receives 
the deep epigastrfaj, deep eircumfi(»,x iliac, and 
pubic veins. 

The deep epigastric vein (v. epigastrica inferior) 
is formed by the union of the venae coinitcs of the 
deep epigastric artery, which communicate above 

with the superior epigastric vein ; it joins the external iliac about half an inch 
above Poupart’s ligament. 

The deep circumflex iliac vein (v. circumflexa ilium profunda.) is formed by the 
union of the venae comites of the deep circumflex iliac artery, and joins the external 
iliac vein about three-quarters of an inch above Poupart’s ligament. 

The pubic vein communicates with the obturator vein in the thyroid foramen, 
and ascends on the back of the pubis to the external iliac vein. 

The internal iliac vein (v. hypogastrica) (fig. 645) commences near the 
upper part of the great sacro-sciatic foramen, passes upwards behind 
and slightly to the inner side of the internal iliac artery and, at the brim 
of the pelvis, joins* with the external iliac to form the conjinon iliac 
vein. * 
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Tributftrios. — With the exception of the foetal umbilical vein which passes 
upwards and backwards from the umbilicus to the liver, and the ilio-lumbar vein 
which usually joins the common iliac vein, the tributaries of the internal iliac 
vein correspond with the branches of the internal iliac artery. It receives ^a) the 
4 {luteal sciat ic, iii^rnal pud ic, and o btura tor veins, which have their origins 
outside the pelvis ; (Tfthe latera l sacr^^ns. which lie in front of the sacrum ; 
and (c ) the mi ddle haimorApiSal, vesical, uterine, and vaginaj^vems, which originate 
in venous plexuses connected witEThe pelvic viscera. 

1 . Tile gluteal veins (vv. glutacre superiores) or v(ukc comites of the gluteal artery, 
receive tributaries from the buttock corresponding with the branches of the artery ; 


Fio. 045. — The veins of the right half of the male pelvis. (Spalteholz.) 
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they enter the pelvis through the great sacro- sciatic foramen, above the pyriformis, 
and frequently unite before ending in the internal iliac vein. 

2. The sciatic veins (vv. glutrofle inferiores) or venae comites of the sciatic artery 
begin on the upjier part of the back of the thigh, where they anastomose "with the 
in^rnal circumfl(».x and first perforating veins. They enter the pelvis through 
the lower part of the sacro-sciatic foramen and join to form a single stem which 
opens into the lower pajt of the internal iliac vein. 

3. The internal pudic veins (vv. pudendse internse) are the venae comites of the 
internal pudic artery. They commence in the veins which issue from the corpus 
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cavernosum, accompany the internal pudic artery, and unite to form a single 
vessel, which ends in the internal iliac vein. They receive the veins from the 
bulb of the urethra, and the superficial perineal and inferior hjemorrhoidal veins 
(vv. liPDirioiThoidalcs inferiorcs). The deep dorsal vein of the penis communicates 
with the interna] pudic veins, but ends mainly in the vesico -prostatic venous 
plexus. 

4. The obturator vein (v. obturatoria) begins in the upper portion of the adductor 
region of the thigh and enters the pelvis through the anterior part of the obturator 
foramen. It runs backwards and upwards on the lateral wall of the pelvis below 
the obturator artery, and then passes between the ureter and the internal iliac 
artery, to end in the internal iliac vein. 

5. The lateral sacral veins (vv. sacrales lateralos) accompany the lateral sacral 
arteries on the anterior surface of the sacrum and terminate in the internal iliac 
vein. 

(i. The middle haamorrhoidal vein (v. hicmorrhoidalis media) takoj? origin in the 
luemorrlioidal })lexus and receives tributari(‘s from the bladder, prostate gland, 
ajid seminal vesicle : it runs outwards on the pedvic surface of the Levator ani to 
end in the internal iliac, vein. 

Tli(‘ hxmorrhoidal plexus surrounds the rectum, and communit^atc^s in 
front with the vesico- prostatic idexus in the mah', and tbc utero- vaginal plexus 
in the female. It consists of two parts, an inicrmil in the subinucosa, and 
an (ixtmial outside the muscular coat. Below, the internal plexus presents a 
series of dilated ]jouehes which art^ arranged in a circhi around the tube 
immediately above the anal orifice and ani connected by transverse branches. 

The low’^er part of the external ^dexus is drained by tlm inferior lia3mor- 
rboid^ veins into the internal piidie ; its middle part. Tiy tlu^ mi ddle 
liaenm7rIi(33S3?lb. whicli” joins the internal iliac; and its upper part *b^y flie 
s u pe rior ha> m or r lioidal vein which forms the commencement of the inferior 
mesenteric; veiri7~a frlbutaTy “(ir !h(‘‘ portal vein. A, free comnmnicatioh 
bctweciL-IEe jibrial and-ftystemio venous systems is established througli the 
Inemorrhoidal jilexus. 

The vesico-prostatic plexus surrounds the prostate gland and the neck 
of the bladder, and lies partly in th(‘ fascial sheath of the prostate and partly 
between the sheath and the capsule of the gland. In fi’ont it receives the deep 
dorsal vein of the penis ; behind, it communicates with the haemorrhoidal 
and vesical jdexuses, and derives tributaries from tlie vasa deforentia and 
vesicuhe seminales. It is drained into the; internal iliac veins by one or more 
vesstfis on either side. The corresponding ph;xus in the female is named the 
vesico-vagiiial. 

Tlie vesical plexus li(\s on the muscular coat of th(*- bladder, and is 
best marked towards the base and sides of the viscus ; it drains into the 
v* sico-prostatic plexus. 

Applied Anatomy. — The veins of the haemorrhoidal plexus are apt to become dilated 
and varicose, and form piles. This is due to several anatomical reasons : the vessels are 
contained in very loose, lax connective tissue, so that they get loss support from 
surrounding structures than most other veins, and are less capable of resisting increased 
blood pressure ; the tiondition is favoured by gravitation, being influenced by the erect 
posture, either sitting or standing, and by the faet that the superior ha?morrhoidal and 
portal veins have no valves ; the veins pass through muscular tissue and are liable to bo 
compressed by its contraction, especially during the act of defjecation ; they are affected 
by every form of portal obstruction. 

The prostatic plexus of veins is apt to become congested in many inflammatory 
conditions in the neighbourhood, such as acute gonorrhcxial prostatitis. It is owing to the 
free communication which exists between this and the middle h®morrhoidal plexus that 
great relief can be given by free saline purgation. 

Htemorrhage may be very free from the prostatic plexus after operations on that gland, 
but can usually be checked by hot fluid irrigation. Septic thrombosis sometimes occurs 
after operations, and infected emboli may find their way into the general circulation. 

The dorsal veins of the penis are two in number, a superficial and a deep. The 
superficial vein drains the prepuce and skill of the penis, and, running backw^ards in 
the subcutaneous tissue, inclines to the right or left, and opens into the corresponding 
Buiperficial external pudic vein, a tributary of the internal or long saphenous 
vein. The deep vein receives the blood from the glans penis and corpora cavernosa : 
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it oourseB badcwafds in the middle line ^between the dors^ arteti^ 
the deep fascia, and near the root of the penis passes between the two j^irts of 
suspensory ligament and then through an aperture between the subpubic ligament 
and the triangular ligament of the urethra, and divides into two branches, which 
enter the prostatic plexus. The deep vein also communicates below the symphysis 
pubis with the internal pudic vein. 

The uterine plexuses lie along the sides and superior angles of the uterus 
between the two layers of the broad ligament, and communicate with the 
ovarian and vaginal plexuses. They are drained by a pair of uterine veins 
on either side : these arise from the lower part of the plexuses, opposite the 
os uteri externum, and open into the corresponding internal iliac vein. 

The vaginal plexuses are placed at the sides of tlie vagina ; they 
communicate with th(*. uterine, vesical, and liajmorrhoidal plexuses, and are 
drained by the vaginal veins, ones on either side, into the internal iliac veins. 

The common iliac veins are fornuKl by the union of the external and 
internal iliac veins in front of the sacro-iliac articulation ; passing obliquely 
upwards tow'ards the right side, they terminate upon ilie fifth lumbar vertebra, 
by uniting witli each other at an acute angle to form the inferior vena eava. 
The right common iliac (v. iliaea communis dextra) is shorter than the left, 
nearly vertic^al in its direction, and asticnds behind and then to the outer 
sid(^ of its corresponding artery. The left common iliac (v. iliaea communis 
sinistra) , longer than tlie right and more oblique in its course, is at first situatc^d 
on the iniKT side of the corresponding artery, and tlicn behind the right 
common iliac. Each common iliac receives tlie ilio-liimbar, and sometimes 
the lateral sacral veins. The left re^ceives, in addition, the middle sacral vein. 
No valves arc found in these veins. 

The middle sacral veins accompany the corresponding artery along the front 
o^f the sacrum, and join to form a single vein (v. sacralis media), which tern^inates 
in the left (jommou iliac vein ; sometimes in the angle of junction of the two iliac 
veins. 

Pecidiarilies . — The left common iliac vein, instead of joining with the right in its 
usual position, occasionally ascends on .the loft side of the aorta as high as the kidney, 
where, after receiving the left renal vein, it crosses over tlie aorta, and then joins with tlie 
right vein to form the vena cava. Tn tliese cases, the two common iliacs are connected 
by a small communicating branch at the spot where they are usually united.* 

The vena cava inferior (tig. 639) returns to the heart the blood from all 
the parts below^ the Diaphragm. It is formed by the junction of tlio tw'O 
common iliacs, on the right side of the fifth lumbar vertebra. It passes 
upwards along the front of 11 le vertebral column, on the riglit side of the aorta, 
and, having reached the liver, is contained in a groove on its posterior surface. 
It then perforates the Diaphragm between the mesial and right portions of its 
central tendon ; it subsequently inclines forwards and inwards for about an 
inch, and, piercing the fibrous pericardium, passes behind the serous peri- 
cardium to open into the lower and back part of the right auricle. In front 
of its auricular orifice is a semilunar valve, termed the mlve. qf EusLachius : 
this is rudimentary in the adult, but is of large size and exeftises an important 
function in the fentus. 

Eelations. — The abdominal portion of the inferior vena cava is in relatioiT 
iw fronty from -below^ upwards, with the mesentery, right spermatic artery, trans- 
verse portion of the duodenum, the pancreas, portal vein, and the posterior surface 
of the liver, which partly and occasionally completely surrounds it ; behind, with 
the vertebral (roliimn, the right Psoas muscle, the right crus of the Diaphragm, 
the right renal and lumbar arteries, right semilunar ganglion, and the inner part 
of the right suj)rarenal ])ody ; on the right side, with the right kidney and ureter ; 
on the left side, with the acuta. 

The thoracic portion is only about an inch in length, and is situated partly 
inside and partly outside the pericardial sac. The extra-pericardial part is separated 
from the right pleura and lung by a fibrous band, named the right phrenico^ 
pericardiac ligament of Teutlobcn. This ligament, often feebly marked, is attached 

♦ See two cases which have been described by Walsham in the St. PaTtholomew's Hospital 
- Jieporis, vols. xvi. and xvii. 
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itUra-perieardiae part is very short, and is covered antero-later^y by the serous 
layer of the pericardium. 

Peculiarities. — In position. — This vessel is sometimes placed on the left side of the 
aorta, os liigh as the left renal vein, after receiving which it crosses over to its usual position 
on the right side ; or it may bo placed altogether on the left side of the aorta, as far 
upwards as its termination in the heart : in such cases, the abdominal and thoraoio 
viscera, together with the groat vessels, are all transposed. 

PoiiU of termination . — Occasionally the inferior vena cava joins the right azygos vein, 
^hich is then of large size. Tn such cases, the superior vena cava receives the whole of 
tlio blood from the body before transmitting it to the right auricle, except the blood from 
the hcjiatic veins, which passes directly into the right auricle. 

Applied Anatomy. — Thrombosis of the inferior vena cava is due to much the same 
causes as that of the bupefior’ (see” "page 750). It u.sually causes u^dema of the legs and 
brick, without ascites ; it the renal veins are involved, blood and albumin will often appear 
in tile urine. An extensive collateral venous circulation is soon established by enlargement 
either of the superficial or of the fleep veins, or of both. In the first case the e pigastric, the 
circumfiex iliac, the long thoracic, jthc internal mammary, the iutcrcoslals, the external 
pudicj and the hnubo -vertebral anastomotic veins of Braune effect the communication 
with the biipcrlor c.tva ; in the second, the^deep a? asiomosis is made by the azygos and 
ilpmiazygos and llie lumbar veins.* 

Tributaries. — It r(H'(‘ivos in its (‘ourse the following veins : 

Lumbar. Kenal. Inferior phrenic*. 

Right spermatic, or ovarian. Suprarenal. llopatie. 

Tfie lumbar veins (vv. hunbales), four in number on (SM*h side, eolleci 
the ])lood by dorsal triliutaries from tlie muscles and integument of th(‘ loins, 
and by abdominal tributaries from the walls of tin' abdomen, where they 
communicak' with the eiiigastrie veins. Al tin* vertebral cpluinn, they receive 
veins from the sjiinal plexuses, and then pass forwards, round the sides of the 
bodies of the vcrtebra3, beneatli the Psoas niagiius, and terminate in the back 
part of tJu‘ inferior cava. Tlic h'ft lumbar veins arc longer than the right, and 
))ass behind the aorta. The lumbar veins are connected together by a longi- 
tudinal v('iri which pixsses in front of the transverse processes of the lumbar 
vertebra*, and is called tin' ascendimj lumbar. It forins the most frequent 
origin of tlie corres])onding vena azygos, and serves to connect the common 
iliac, ilio-lumbar, lumbar, and azygos veins of its own side of the body. 

The spermatic veins (vv. spcrmaticac) emerge from the back of the 
t(*stis, and receive tributaries from tin* ipididyrais; they unite and form a 
coiivnluti'd jilexus, called the spermatic plexus (plexus pampiniformis), wliich 
constitutes thi' greater mass of tlic cord : the vessels composing this plexus 
are very numerous, and ascend along tin' cord, in front of the vas deferens. 
Below the external abdominal ring they unite to form three or four veins, 
which pass along the inguinal canal, and, entering the abdomen through the 
internal abdominal ring, coalesce to form two veins, which ascend on the 
Psoas muscle, behind the peritoneum, lying one oh either side of the spermatic 
artery. These unite to form a single vein, w hich opens on the right side into 
the inferior vena cava, at an acute angle ; on the left side into the left renal 
vein, at a right angle. Tlie spermatic veins are provided with valves.f The 
left spermatic vein passes behind the iliac colon, and is thus exposed to pressure 
from tile contents of that part of the bowel. 

Applied Anatomy . — The spermatic veins are very frequently varicuse, constituting tho 
condition known as mricpcele. Though it is quite possible that the originating cause 
of this affection may bo a’congenital weakness of the walls of the veins of the jiampiniform 
plexus, still it must bo admitted that there are many anatomical reasons wliy those veins 
should become varicose: viz. the imperfect support afforded to them by the loose 
tissue of the scrotum ; their great length ; their vertical course ; their dependent position ; 

* Ct. Blunier, in Osier and MoOTac’s tSystfm oj Medicine^ London, lOOH, v(J. iv. 

f Kivingtoii has |Mjiiitcd out that \ahcs are usually found at the orifices ot l>oth tlie light 
and left spermatic veins. When no valves exist at fhe opening of the left spcimatic vein into 
the lelt renal vein, valves i re generally present in tho left renal vein williiii a quarter ol an 
inch from the orifice of the spermatic vem’—Jourm/ of Anatomy and Phy^toloyy, vol. vii. p. 1(53. 
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their ple^iform arrangement in the scrotum, with their termination in one small vein in 
the abdomen ; their few and imjierfect valves ; and the fact that they may be subjected 
to pressure in their passage through the abdominal wall. 

joccurs on the le/t side, and this has been accounted for by the facts that thftES^^ermatm 
^ein joins the left renal at a right angle : that it is Jay. 

when this portion of the gut* is full of Iseciil matter, in cases of constipatioii, its wei^t 
Impedes the return of the venous blood ; and that the left spermatic veins are somewh^ 
longer than the right. 

The operation for the removal of a varicocele consists in making a small incision just 
over the external abdominal ring and passing an aneurysm needle round the mass of veins, 
taking care that the vas deferens is not included. The veins are isolated from the vas and 
ligatured above and below, as high and as low as possible, and the intermediate portion 
cut away ; the divided ends are fixed together with a suture, and the skin wound closed. 

The ovarian veins (w. ovarica') correspond with the spermatic in the 
male ; they form a plexus in the broad ligament n(‘ar tlie ovary and Fallopian 
tube, and communicate witli tJic uterine plexus. They terminate in the same 
way as the spermatic veins in the male. Valves arc occasionally found in 
these veins. Like the uterine veins, tlioy become much enlarged during 
pregnancy. 

The renal veins (vv. renah's) are of large siya\ and placed in front of the 
renal arteries. The left is longer than the riglit, and passes in front of the 
aorta, just below the origin of the superior mesentm*ic artery. It receives 
the left spermatic, the left inferior phnmie, and, generally, the left suprarenal 
veins. It opens into the vena (;ava at a slightly Inglier level tlian the riglit. 

The suprarenal veins (w. suprarenales) are two in numl)er : the right 
terminates in the vena cava ; tlie left, in tlie left renal or phrenic vein. 

The inferior phrenic veins (vv. phrenieje inferiorcs) follow the course of 
tli(; phrenic arteries ; the right ends in thc^ inferior vena cava, the left in the 
left renal vein. 

The hepatic veins (vv. hepaticai) (jommence in the substance of the 
liver, in tlic capillary terminations of tlic portdl vein and hepatic artery, and 
consist of tivo groups, npi)er and lower. Tht^ upper group is usually" made 
up of three large veins, which converge toivards th(‘ ]>osterior surfacjc of tire 
liver, and open into the inferior vena cava, while that vessel is situated in 
the groove on the back part of the liver. "J’he v(‘ins of the lower group vary in 
number, and arc of small size ; they come from tiro right and Spigelian lobes. 
The hepatic veins run singly, and are in direct contact with the hepatic tissue. 
They are destitute of valves. 

Portal System of Veins (fig. 640) 

The portal system includes all the veins which drain the blood from the 
abdominal jjart of the alimentary canal (with the exception of the lower part 
of the rectum) and from the spleen, pancreas, and gall bladder. From those 
viscera the blood is conveyed to the liver by the portal vein. In the substance 
of tlie liver the portal vein ramifies like an artery and terminates in the portal 
capillaries, from which the blood is conveyed to the inferior vena cava by 
the hepatic veins. From this it will be seen that the blood of, the portal system 
passes through two sets of capillary vessels, viz. {a) the capillaries of the 
alimentary canal, spleen, pancreas, and gall bladder; and (b) the portal 
capillaries in the substance of the liver, Tlie portal vein and its tributaries 
are destitute of valves. 

The portal vein (vena portae) is about three inches in lengtli, and is formed 
at tlie level of the second lumbar vertebra by the junction of the superior 
mesent.(*rie and splenic veins, the union of these veins taking place in front of 
the inh^i ior vena oava and behind the neck of the pancreas. It passes upwards 
behind the first part of the duodenum and then asficnds in the right border 
of the small omentum to tlie right extremity of the transverse fissure of the 
liver, where it divides into a right and a left branch, which accompany the 
corresponding branches of the hepatic artery into the substance of the liver. In 
the small omentum it is })W*,ed behind and between the common bile duct and 
the hepatic artery, the former lying to the right of the latter. It is surrounded 
by the hepatic plexus of nerves, and is accompanied by numerous lymphatic 
vessels and some lymphatic glands. The right branch of the portal vein enters 
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the right lobe of the liver, but before doing flo generally receives tKe cystic 
vein. The left branchy longer but of smaller calibre than the right, crosses 
the longitudinal fissure, gives branches to the caudate and Spigelian lobes, and 
then enters the left lobe of the liver. As it crosses the longitudinal fissure it 
is joined in front by a fibrous cord, the ligamenUim teres of the liver or obliterated 


Fig. 646. — Portal vein and its tributaries. 



Note. — I n this diagram the right gnstro-epiploic vein opens into the splenic vein ; 
generally it empties itself into the superior mesenteric, close to its termination. 

umbilical vein, and is united to the inferior vena cava by a second fibrous 
cord, the ligamentum venosum or obliterated ducius venosus. 

The tributaries ot the portal vein are : 

Splenic. Pyloric. 

Superior mesenteric. Cystic. 

Coronary. Parumbilical. 

The splenic vein (v. lienalis) commences by five or six large branches 

which return the blood from the spleen. These unite to form a single vessel, 
which passes from left to right, grooving the upper and back part of the 
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pancreas, below the splenic artery, and terminates behind the neck of the 
pancreas by uniting at a right angle with the superior mesenteric to form the 
portal vein. The splenic vein is of large size, but is not tortuous like the 
artery. 

Tributaries. — The splenic vein receives the short gastric veins, the left 
gastro-epiploic vein, the pancreatic veins, and the infcnor mesenteric veins. 

(а) The short gastric veins (vv. gastricie breves), some four or five in number, 
drain the fundus and left part of the greater curvature of th« stomach, and pass 
between the two lay(u*s of the gastro-splenic omentum to terminate in the splenic 
vein or in one of its large tributaries. 

(б) The left gastro-epiploic vein (v. gastroepiploica sinistra) receives branches 
from the anterior and posterior surfaces of the stomach and from the groat omentum ; 
it runs from right to left aloTig tlie greater curvature of tlie stomach and ends in 
the commencement of the splenic vein. 

(c) The pancreatic veins (vv. pancreaticjr) consist of several small vessels which 
drain the body and tail of tlie pancreas, and open into the trunk of the splenic 
vein. 

(d) The inferior mesenteric vein (v. mesentericfi inferior) returns blood from the 

rectum, and the pelvic, iliac, and descending i)arts of the colon. It begins in the 
rectum as the supm or h cemorrh oidal vein (v. hannorrhoidalis superior), whichJbatu 
its origin in the Inch lorrhoidaT plexus, and^tli rough plevus cnTY^munie.fl|pa 

with the middle and inferior hamiorrlioidal vcmsC The superior htemorrh oidal vein 
leaves the p(‘.lvis and crosses the iliac vessels in company with the superior 
haemorrhoidal artery, and is continued upwards as the inferior mesenteric vein. 
This vein lies to the left of the inferior mesenteric artery, and ascends behind the 
peritoneum and in front of the left Psoas ; it then passes behind the body of the 
pancreas and opens into the splenic vein ; sometimes it terminates in the angle of 
union of the sphniic and superior mesenteric veins. 

Tributaries. — The inferior mesenteric vein receives the ttigmoid veins (vv. sigmoidesB) 
from the ilio-pelvic colon and the left colic vein (v. colica sinistra) from the descending 
colon and splenic flexure. 

The superior mesenteric vein (v. mcsonterica superior) returns the 
blood from the small intestine, and from the caecum and the ascending and 
transverse portions of the colon. It begins in the right iliac fossa by the union 
of the veins which drain the terminal part of the ilium, the caecum and vermi- 
form appendix, and ascends between the two layers of the mesentery on the 
right side of the superior mesenteric artery. In its upward course it passes 
in front of the right ureter, the inferior vena cava, the third part of the 
duodenum, and the lower portion of the head of the pancreas. Behind the 
neck of the pancreas it unites with the splenic vein to form the portal vein. 

Tributaries. — Besides the tributaries which correspond with the branches 
of the superior mesenteric artery : viz. the veins of the small intestine 
(vv. intestinales), tlie ileo-colic (v. ileocolica), the riejhl colic (vv. colicae dextrae) 
and the middle colic (v. colica media), the superior m esen teric vein is joined by 
the right gastro-epiploic and pancreatico-duqSeEal^ 

The right gastro-epiploic vein (v. gastroepiploica d extra) * receives branches 
from the great omentum and from the lower parts of the anterior and posterior 
surfaces of the stomach ; it runs from left to ri^t along the greater curvature 
of the stomach, between the two layers of the great omentum. 

The pancreatico-duodenal veins (vv. pancreaticoduodenalcs) accompany their 
corresponding arteries ; the lower of the two frequently joins the right gastro- 
epiploic vein. 

The coronary vein (v. coronaria ventriculi) derives tributaries from both 
surfaces of the stomach ; it runs from right to left along the lesser curvature 
of the stomach, between the two layers of the gastro-hepatic omentum, to 
the oesophugcai opening of the stomach, where it receives some oesophageal 
veins. It then turns backwards and passes from left to right behind the lesser 
sac of the peritoneum and ends in the portal vein. 

The pyloric vein (v. pylorica) is of small size, and runs from left to right 
along the pyloric portion of the lesser curvature of the stomach, between 
the two layers of the gastro-hepatic omentum, to terminate in the portal 
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The cystic vein (v. cystica) drains the blood from the gall bladder, and, 
ascending alongside the cystic duct, usually terminates in the right branch of 
the portal vein. 

Parumbilical veins (w. parumbilicalcs). — In the course of the liga- 
mentum teres of the liver, and of the unichus, small veins (parumbilical) are 
found, which establish an anastomosis between the vein s of thejantcrior 
abdom »"-^l iliac veins. The Ges^" markM 'of tliese 

small veins is one which commences aT the ufnbilic us and runs backwards and 
upwards in, or on the surface of, the ligamentum teres betw'cen the layers 
of the falciform ligament to terminate in the left ijortal vein. 

Applied ^laa^ow//.— Obstruction to the portal vein may produce ascites, and this may 
arise from many causes : as (1 ) the pressure of a tumour on the portal vein, sucli as cancer 
or hydatid cyst in the liver, enlarged Ijanjihatic glands in the lessor omentum, or cancer 
of the head of the pancreas ; (2) from cirrhosis of the liver, wlion tlie radicles of the portal 
vein are pressed upon by the contracting fibrous tissue in the portal canals ; (3) from 
valvular disease of the heart, and back pressure on the hepatic veins, and so on the whole 
of the circulation through the liver. In this condition the prognosis as regards life and 
freedom from ascites may b(^ much improved by the establishment of a good collateral 
venous circjulation to relieve the ])ortal obstruction in the liver. This is effected by com- 
municiitioTis between {a) the ga stric veins, and the resophagoal veins emptying themselves j 
into the vena azygos min^, whreh often project as a varicose bunch into the stomach ; 
(6) the veins of the colon and duodenum, and the left renal vein ; (c) the accessory 1 
4uulal..^t(un of Sappey, branches of -which pass in the round and falciform ligaments \ 
(particularly tlio'Tatlef) to unite with the epigastric and internal mammary veins, and 
through the diaphragmatic veins wMth the azygos ; a single large vein, shown to be a 
parum bilical vein, may pass from the lulus of the liver by the round ligament to the 
umbilicus, *pfo<Tucmg there a bun(;h of prominent varicose veins known as the Capy^i 
; (d) the ve ins of Kevins, which connect the intestinal veins with the inferior 
vena" Cava and its rc^roporityneal branches ;'^) the inferior mesenteric veins, and the 
hgemo rrhoidal veins that o]icn into the internal iliacs ; (/) very rarely the ductus vonosus 
alFQrding a direct connection between the portal vein and the inferior 

voiia cava. 

An operation' for the relief of portal obstruction on these lines has been advocated 
by Rutherford Morison and by Talma. It consists in curetting the opposed surfaces of the 
liver and diaphragm and stitching them together, so as to secure vascular infiammatory 
adhesions bet^veen the two. The great omentum may with advantage be interposed 
between them, so as to increase the amount of the adhesions, and the spleen has been 
similarly scraped and sutured to or into the abdominal w^all. The operation should not 
be deferred until the patient is moribund. 

Thrombo.sis of the portal vein, or pyletlirombosis, is a very serious event, and is oftenest 
due to pathological processes causing compression of the vessel or injury to its wall, such 
as tumours or inlJammation about the pylorus, head of the pancreas, or appendix, or to 
gall-stones or cirrhosis of the liver. If the thrombus is infected with bacteria, as is often 
the case when it is due to appendicitis, septic or suppurative pylephlebitis results ; this 
condition is known also as portal pyoemia. Fragments of the infected clot break off and 
are carried away to lodge in the smaller veins in the liver, with the development of multiple 
abscesses in its substance and a rapidly fatal result. When the thrombus is sterile, the 
chief signs produced are enlargement of the spleen, recurrent ascites, and the establish- 
ment of a collateral venous circulation, the case climcally resembling one of atrophiy 
cirrhosis of the liver. 

The symptoms of thrombosis of the mesenteric veins are very much the same as those of 
embolism of the mesenteric arteries (see p. 604). 


THE LYMPHATIC SYSTEM 

The lymphatic sy^teqi the .J^phatic ves8ek..aucl lymphatic 

glands. The lymphatic vessels of the small intestine receive the special 
designation of ; they differ in no respect from 

the lymphatic vessels generally, excepting that during the process of digestion 
they contain a milk-white fluid, the chyle. 

ThM__lympfigfiV are exceedingly jlfilkiate, and their coats are so 

tcan^amit that the fluid they contain is readily seen through them. Tliey 
retain a nearly uniform size, being interrupted at intervals by constrictions, 
which give them a knotted or beaded appearance. These constrictions are 
due to the presence of valves in their interior. Lymphatic vessels have 
been found m nearly every texture and organ of the body which contains 
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blood-vessels. Such noii-va^cidar structures.. cartila ge, the nails, cuticle, 
and hair have none, but with these exceptions it is -probable that eventually 
all parts ^vill be found to be permeated by these vessels. 

The' lymphatic vessels arc pranged deep set. 

On the surface of the body the su^fiKcidl Ayxsxjph&tic vessels are placed 
immediately beneath tlie integumexdi, accompanying the superficial veins ; they 
join the deep lymphatic vessels in certain situations by perforating the deep 
iafioia* flie interior of the body they lie in the submucous areolar tissue, 
throughout the whole length of the gastro- pulmonary and genito-urinary 
tracts ; and in tlie subserous tissue of the ihoracic and abdominal w’alls. 
Tlic method of their origin has been described along with the details of 
tiieir minute anatomy. Here it will be sufficient to say tliat a jilexiform 
netAvork of minute lymphatic vessels may be found interspersed among the 
jjroper elements and blood-vessels of the several tissues ; the vessels composing 
the netw'ork, as well as the nu'shes betAvt'cn them, are much larger than those 
of the capillary plexus. From these nt^lAvorks small vessels emerge, Avhich 
pass, either to a neighbouring gland, or to join some larger lymphatic trunk. 
IluL-cicep JymphatUj vessels, fcAver in numbc'r, and larger than the sui^erfieial, 
aeconipany the deep blood-vessels. Their mode of origin is probably similar 
to ’tl)at of the superfi(;ial vessels. The lymphatic vessels of any part or organ 
exceed the veins in number, but in size tlu^y are much smaller. TIkmi- 
anastomoses also, esj)ecially those of the large trunks, are more frequent, and 
ai*e effected by vessels equal in diameter to those which they connect, the 
(*ontinuous trunks retaining the same diamet(T. 

IMie lymphatic glands are small, solid, glandular bodies, situated in the 
course of the lymphatic vessels. In size they vary from a hemp-seed to an 
almond, and their colour, on section, is of a pinkish-grey tint, excepting in 
the bronchial glands, Avhich in the adult are motth^d AA'itli bla(‘k. Each gland 
is invested by a fibrous capsule, from Avhich prolongations dip into its 
substance, forming partitions. Before entering a gland a lymphatic or 
lacteal vessel divides into scA^eral small brandies, Avhich are named ajf'crcnt 
As they enter, their external coat becjomes continuous Avith »the 
capsule of the gland, and the vessels much thinned and (jonsisting only of 
their internal or endothelial coats pass into the gland, and open into tne l3"mph 
sirmses. From these sinuses fine branches proceed to form a plexus, the 
A’^essels of Avliich unite to form a single efferent v essel ; this, on emerging from 
the hilus of the gland, is again invested AA'ith an external coat. 

Applied Ariatomy. — The lymphati<j channels and glands draining any infected area of 
the body are very liable to become infected, A^ith the production of acute or chronic 
lyu^phaugitis and lymphadenitis. Xu^puti} cases the paths of the superficial lymphatics 
are often marked out on the skin by the appearance over them of the four cardinal 
signs of inflammation — pain, redness, heat, and swelling — while the glands swell and 
may suppurate. Chronic inflammation leads to growth and fibrosis of the lymplnitics 
and the connective tissue round them ; obstruction to the passage of the lymph results, 
as the fibrous tissue contracts and causes stenosis or obliteration of the lymphatic 
channels, and hard a^dema of the involved skin and subcutaneous tissues follows 
(pachydermia lymphangiectatica). (Chronic lymphangitis, together Ayth the blocking of 
nurac^rous lymphatic vessels by the escaped ova of the minute parasitic worm Micro- 
filaria, no^cturna, is the cause of e leplu^ntia sy. a condition common in the tropics and 
subtropics, and characterised by enormous enlargement and thickening of the integuments 
of some part of the body, most frequently of the leg. Tubercular .and syphilitic. jonlarge- 
ments of the .Iympliatics and glands are both very commonly met with. Primary tumours 
of the lymphatics are lymphangioma and endothelioma ; the so-called ‘ congenital cystic 
hygroma ’ of the neck, arm, trunk, or thigh, is a cystic lymphangioma. Primary tumours 
of the lymphatic glands may bo innocent (lymphadenoma, myxoma, chon^oma) or 
malignant (lymj^hosarcoma) ; cancer is never met with as a primary affection, but is 
extremely common secondarily to cancer of some other part of the body. 

The appearance of secondary malignant deposits or of secondary infection in parts 
of the body thal seem not to be directly associated by anjr lymphatic connection with the 
seat of the primary growth or infecition has often been observed, and explained as 
due t6 ‘ retrograde transport ’ of cancer cells or bacteria by a reversed flow of lymph. 
Weleminsky,* however, believes that the explanation is to be found in the fact that AA'hen 
the infected glands liavo grown to a certain size they no longer permit the normal flow 
of lymph through them, and that under those circumstances very delicate lymphatic 

Berliner klin. Woch., 1905, No. 24, p. 743. 
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conneotions, whose existence normally remains unsuspected, develop to a surprising 
extent between groups of lymphatic glands that at first sight appear to be unconnected 
with one another. 

Thoracic Duct 

The thoracic duct (ductus thoracicus) (fig. 647) conveys the great mass 
of the lymi)h and chyle into the blood. It is the common trunk of all the 
lymphatic vessels of the body, 

excepting those of the right Fig. 647. — ^The thoracic and right lym])hatio ducts, 
side of the ]ie*.ad, neck, and 
thorax, and right upper ex- 
tremity, the right lung, right 
side of the lieart, and the 
convex surface of the liver. 

In the adult it varies in length 
from fifteen to eighteen inches, 
and extends from the second 
lumbar vertebra to the root 
of the neek. It commences in 
the abdomen by a triangular 
dilatation, the reccptaculum 
chyli, whicih is situated on the 
front of the body of the second 
lumbar verti'bra, to the right 
side of and behind the aorta, 
by the side of the right crus 
of the Diaphragm. It (‘liters 
the thorax through the aortuj 
opening of the Diapiiragin, 
and is then placed in the 
posterior rnediastimmi be- 
tween tlie aorta and vena 
azygos major. Here it lies 
in front of the vertebral 
column, from which it is sojia- 
rated by ili(‘ right iiitenjostal 
arteries, and by the azygos 
minor veins as thc^y cross the 
middle line to open into the 
vena azygos major. Opposite 
the fifth thoracic vertebra, it 
inclines towards the left side, 
enters the superior mediasti- 
num, and ascends behind the 
arch of the aorta, on the left 
side of the oesophagus, and 
behind the first pprtion of the 
left subclavian artery, to the 
upi)cr orifice of the thorax. 

Opposite the seventh cervical 
vertebra, it turns outwards in 
front of the vertebral vein 
and artery, behind tlie left 
common carotid artery and 
vagus nerve, and then curves 
downwards over the subcla- 
vian artery, and in front of 
the Scalenus anticus muscle 
and the phrenic nerve, so as 
to form an arch ; it terminates 
in the angle of junction of 
the left subclavian vein with the left internal jugular vein. The thoracic 
duct, at its commencement, is about equal in diameter to a goose-quill. 




766 


ANGIOLOGY 


but it diminishes considerably in calibre in the middle of the thorax, and is 
again dilated just before its termination. It is generally flexuous and con- 
stricted at intervals so as to present a varicose appearanck Not infrequently 
it divides in the middle of its course into two branches of unequal size, which 
soon reunite, or into several branches which fonn a plexiform interlacement. 
It occasionally divides at its upper part into two branches, right and left ; 
the left terminates in the usual manner, while the right opens into the right 
subclavian vein, in connection with the riglit lymphatic duct. The thoracic 
duct has several valves: at its termination it is provided with a pair of valves, 
the free borders of which are turned towards the vein, so as to ])revent the 
passage of venous blood into the duct. 

Tlie receptaculum chyli (cisterna cliyli) (fig. 64 -S) receives the two lumbar 
lympliatic trunks, right and left, and the intcistinal Jyrnpliatic trunk. The 
lumbar lymphatic trunks (trunci lumbales) ai*e formed by the union of the 
efferent vessels from tlie lateral aortic lymphatic glands. They receive 
tlie lymph from the lower limbs, from the walls and viscera of the pelvis, 
from tlie kidneys and suprarenal bodies, and tlic deep lymphatics of the 


I'lu. 648. — Modes of orit,na of thoracic duel:. (Poirier and Cliarpy.) 




a. Thoracic (inct, a', llcceptaculam chyli. 6, c. IvfftTcnt +*’uiiks from latorul aortic glands, d. .iu cllcrvnt vessel 
whicli pi**rci;B tUo left crus of the diaphragm, e, f. L,iti’ral aortic glands. /<. lletro-aortic glands, %. Tniiuius 
intestinalis. j. Descending hraiicli from intereostal lymphatics. 


greater part of the abdominal wall. The intestinal lymphatic trunk (truncus 
intestinalis) receives the lymph from the stomach and small intestine, from 
the pancreas and spleen, and from the lo\\'cr and front part of the liver. 

Tributaries. — Opening into the commencement of the thoracic? duct, on 
either side, is a descending trunk from the posterior intercjostal glands of tlie 
lower six or seven intercostal spaces. In the thorax the is joined, on 
eitlier side, by a trunk which drains the upper lumbar glands and pierces the 
crus of the Diaphragm. It also recjeives the cfffTcnts from the posterior 
mediastinal glands and from the posterior intercostal glands of the upper six 
l(*ft spaces. In the nccjk it is joined by the left jugular and left fruhclavian 
trunks, and sometimes by thelcft broncho-mediastinal trunk ; the last-named, 
however, usually opens independently into the junction of the left subclavian 
and inUuTinl jugular veins. 

Structure.- -The? thoracic duct is composed of three coats, which differ 
in some res})ects from tliose of the other lymphatic vessels. The internal 
coat consists of a single laycT of flattened, lanceolate endothelial cells, with 
serrated borders ; a subendothelial layer similar to that found in the arteries ; 
and i^n elastic fibrous cioat, the fibres of which run in a longitudinal direction. 
The middle coat consists of a longitudinal layer of white connective tissue with 
elastic fibres, external to which are several laminse of muscular tissue, the 
fibres of which are for the most part disposed transversely, but some are 
oblique or longitudinal, and intermixed with elastic fibres. The eternal coat 
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is composed of areolar tissue, with elastic fibres and isolated fasciculi of 
muscular fibres. 

The right lymphatic duct (ductus lymphaticus dexter) (fig. 649), about 
half an inch in length, courses along the inner border of the Scalenus anticus 
at the root of the iKHik and terminates in the right subclavian vein, at its angle 


Ftq. 649. — Terminal collecting trunks of right side. (Poirier and Oliarpy.) 



a. Ju^nlar trunk, h. Suboluvian trunk, f. lironcljo-tnodijisiinul trunk, tl. JtUjht lympbutiu trunk, 
r. ^Iland of internal inatriiuary ebain. (.1 land of deep ct*r\ ioul chain. 


of junction with the right internal jugular vein. Its orifice is guarded by two 
semilunar valves, whi(di jm^veni the x)assag(i of venous blood into the duct. 

Tributaries.-- -It receives the lym])h from the right side of the head and 
neck through the right jugular trunk ; from the right uppiu* extremity through 
the right subclavian trunk ; from the right side of th('. thorax, the right lung, 
and right side of the heart, and from part of tlie convex surface of the liver, 
tlu’ougli the right broncho-mediastinal trunk. These three? collecting trunks 
frequently open separately in the angle of union of the two veins. 

Applied Anatomy , — Blockage of the thoracic duct by mature specimens of the minute 
parasitic worm Microfilaria noctvrna gives rise to stasis of the chyle, and to its passage 
in various abnormal directions on its course past the obstruction. The neighbouring 
abdominal, renal, and pelvic lymphatics l>ecome enlarged, varicose, and tortuous, and 
chyle may make its way into the urine (chyluria), the tunica vaginalis (chyloccle), the 
abdominal cavity (cjhylous ascites), or the pleural (;avity (chylous pleural effusion), in 
consequence of rupture of some of those distended lymphatic vessels. 

The thoracic duct may be secondarily infe(;ied in intestinal or pulmonary tuberculosis, 
and may contain either miliary tul)ercles, cascatiug tuberculous masses, or even tuberculous 
ulcers. It is often the seat of secondary carcinomatous deposits in cases of cancer of some 
abdominal viseus, becoming infiltrated throughout until it becomes a stiff moniliform rod 
thick as a ]>encil, with multiple stenoses and dilatations of its lumen ; in such cases the 
left supraclavicular glands often become infected and enlarged, while the lungs remain 
entirely free from secondary growths. 


LYMPHATICS OP THE HEAD,. FACE, AND NECK 

The lymphatic glands of the head (fig. 650) arc arranged in the following 
groups : 

Occipital. Facial. 

Posterior auricular. Internal maxillary. 

Parotid. Lingual. 

Rctro-pliaiyngeal. 

The occipital glands (lymphoglandulac occipi tales), one to three in number, 
are placed on the back of the head close to the margin of the Trapezius and 
resting on the insertion of the Complexus. Their afferent vessels drain the 
occipital region of the scalp, while their efferents pass to the upper glands of 
the deep cervical group. 

The posterior auricular or mastoid glands (lymphoglandulse auriculares 
posteriores), usually two in number, are situated on the mastoid insertion 
of the Stemo-mastoid. Their afferent vessels drain the posterior part of the 
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temporo-parieta] region, the upper part of the internal surface of the pinna, 
and the back of the external auditory meatus ; their eflPerents pass to the 
upper glands of the deep cervical group. , 

The parptid slanas (lymphoglandulae parotidea}) form three -groups in 
relation with tlie parotid salivary gland, viz. a superficial group, situated over 
the gland but under tjie parotid fascia (lymphoglanduhe auriculares antenorcs), 
a deeper group imbedded in the substance of the gland, and a group of -sub- 
parotid glands lying on the lateral w all of the pharynx. Occasionally small 
glands are found m the subcutaneous tissue over the x3arotid gland. The afterent 
vessels of the lymphatic gJands under tlie fascia, and of those in the substance 
of tJic gland, drain tlie root of the nose, the eyelids, the fronto- temporal region. 

Fig. 650. — Supeificial lymphatic glands and vessels of head and nock. 
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tlic outer surface of the pinna, the external auditory meatus and the tympanum, 
])()ssibly also the posterior parts of the palate and of the floor of the nose. 
Till' efferents of these glands pass to the upper glands of the deep cervical 
group. The afferents of the subparotid glands drain the naso-pliarynx and 
posterior })art of the nasal fossa ; their efferents pass to the upper deep cervical 
glands. 

The facial glands (lymphoglandulae faciales) comprise jhr^ • 

(a) scattered over the infra-orbital region from the groove oetween 

the nose and cheek to tlie zygoma ; (b) bucca l, one or more placed on the 
Buocmator opposite the angle of the mouth ; (c) TngiTijdibyiar, on the outer 
surface of the mandible, in front of the Masseter and in contact with the facial 
vess^. Their afferent vessels dram the eye^ds, the conjunctiva, and the 
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■ iixtegumeut and mucous membrane of the nose and cheek ; t heir e ffgrents 
pass to the submaxilla^' glands. 

* internal maxillary g^lands (lymphoglandulse faciales profundae) are 
deeply placed beneath the ramua.of ihe mandible, on the outer surface of the 
Extern^ pterygoid, in relation to the internal maxillaiy ai’tery. Their aiEcrent 
vesfifils drain, the temporal and zygomatic fossaa and the naso-pharynx ; their 
eSeienta pass to the upper glands of the deep (servieal group. 

The lingual glands (lymphoglandula^ linguales) are two or three small 
nodules lying on the Hyo-glossus, and under the Genio-hyoglossus. They 
form merely glandular sub-stations in the course of the lymphatic v^essels of 
the tongue. 

The retro-pharyngeal glands (fig. 651) lie in the bucco-pliaryngeal fascia, 
behind tlie upper part of the pharynx and in front of the arch of the atlas, being 
separated, however, from the latter by the Rectus capitis anticus major. Their 
ajfferents drain an extensive area, comprising the nasal fossa», the naso-pharynx, 
and the Eustachian tubes ; their elTcn’onts pass to the ui)pcr glands of the deep 
cervical group. 

The lymphatic vessels of the scalp are divisible into (a) those of the frontal 
region, which terminate in the parotid giands ; {h) those of the temporo- 


Fig. 651. — Lymphatics of pharynx. (Poirier and Charpy.) 



parietal region, wJiicli end in the parotid and posterior auricnilar glands ; and 
(c) those of the occipital region, which terminate partly in the occipital glands 
and partly in a trunk which j uns down along tlie j)osterior border of the 
Sterno-mastoid to end in the lower group of dee^p cervical glands. 

The lymphatic vessels of the pinna a7id external auditory meatus arc also 
divisible into three groups : (a) an anterior,* from the outer surface of the 
piiiiia and anterior waU of the meatus to the parotid glands ; (6) a j)Osterior, 
from the margin of the pinna, the upper part of its inner surface, the internal 
surface and posterior wall of the meatus to the posterior auricular and upper 
deep cervical, glands ; (c) an inferior, from the floor of the meatus and from 
the lobule to the external jugular and upper deep cervical glands. 

The lymphatic vessels of the face are more numc^rous than those of the scalp. 
Those from the eyelids and conjunctivje terminate partly in the submaxillary, 
but mainly in the parotid glands. The vessels from the posterior part of the 
cheek also pass to the parotid glands, while tliose from the anterior portion of 
the cheek, the side of the nose, the upper lip, and the lateral portions of the 
lower lip terminate in the submaxillary glands. The deeper vessels from 
the temporal and zygomatic fossae pass to the internal maxillary and upper 
deep cervical glands. The deeper vessels of the cheek and lips terminate, 
like the superncial, in the submaxillary glands. Both superficial and deep 
vessels of the central part of the lower lip run to the suprahyoid glands. 

3 D 
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The lymphatic vessels of the nasal fossce can bo injected from the subdural 
and subarachnoid spaces. Those from the anterior parts of the fossae 
ooinmunieate with the vessels of the nasal integument and terminate in the 
Rubmaxillary glands ; tliose from the posterior two-thirds of tlie fossae and 
from the communicating air sinuses pass partly to the retropharyngeal and 
I)artly to the upper deep cervical glands. 

Lymphatic vessels of the mouth. — ^Tlie vessels of the gums terminate in the 
subrnaxillary glands ; those of tlie hard palate are continuous in front with 
those of tJie upper gum, but pass backwards to pi(^rce tlie Superior constrictor 
and end in the upper deep cervical and subparotid glands ; tliose of the soft 
palate ])ass backwards and outwards, and terminate j)artly in the retropharyn- 
geal and subparotid, and partly in ilic upper d(iep cervical glands. The vessels 
of the anterior part of the floor of the moutli pass either directly to the lower 
glands of the upjier deep c(^rvi(^al group, or indirc(;tly through the suprahyoid 
glands ; from the rest of tlie floor of the mouth the vessels terminate in the 
subrnaxillary and upptjr deep <j<Tvical glands. 

The hfmj)haHc vessels of the tonsil pass to the upper deep cervical glands. 

Fig. 052. — The lymphatics of the face. (After Kiittner.) 


\ 



The lymphatic vessels of the tongue (fig. 653) arc drained chiefly into the deep 
cervical glands lying between the posterior beUy of th(5 J.)iga8tric and the 
posterior belly of the Omo-hyoid ; one gland situated at the bifurcation of the 
common carotid artery is so intimately associated with these vessels that it is 
known as the principal gland of the tongue. The vessels of the tongue have been 
divided into four groups : (1) apical, from the tip of the tongue to the supra- 
hyoid glands and principal gland of tongue ; (2) lateral, from the margin of the 
tongue — some of these pierce the Mylo-hyoid to terminate in the subrnaxillary 
glands, otliers pass down on the Hyo-glossus to the upper deep cervical ; 
(3) basal, from the region of the cireum vallate papillae to the upper deep 
eerx ical glands ; and (4) median, a few of which perforate the Mylo-hyoid to 
reach the subrnaxillary glands, while the majority turn round the posterior 
border of the muscle to enter the upper deep cervical glands. 

The lymphatic glands of the neck include the following groups: 

Subrnaxillary. External jugular. 

Suprahyoid. Anterior cervical. 


Deep cervical. 
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The submaxillary glands (lymphoglandulre submaxillarcs) (fig. 652), 
three tQ_gix.Jn . number, are ..placed beneath the body of the mandible in tJie 
submaxillary triangle, and rest on the superficial surface of the submaxillary 
salivary gland. One gland (the middle gl^nd of Stahr)^ which lies on the fficial 
artery as it turns over the mandible, is the most constant of the seric^s. Small 
lymphatic glands are sometimes found on the deep surface of tlie submaxillary 
gland. Their afferents drain the inner canthus of the eye, tJ^o cheek, the 
side of the nose, the upper lip, the outer part of the lower lip, the gums, and 
the anterior part of the margin of the tongue ; efferent vessels from the facial 
and suprahyoid glands also enter the .snbmaxillarj^ glands. Their efferent 
vessels pass to th(' u])per glands of the deep cervical group. 


Fi( 3. 65.3. — Lymphatics of the tongue. (Poirier.) 
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The suprahyoid or submental glands are situated close to the middh^ line 
of the neck between the anterior bellies of the two Digastric muscles. Their 
afferents drain the central portions of the lower lip and floor of the mouth and 
the tip of the tongue ; their efferents pass partly to the submaxillary glands 
and partly to a gland of the deep cervical group situated on the internal jugular 
vein at the level of the cricoid cartilage. 

The external jugular glands (lymphoglandulae cervicalcs superficiales) lie 
in close relationship with the external jugular vein as it emerges from the 
parotid gland, and, therefore, superficial to the Stemo-mastoid. Their afferents 
drain the lower parts of the pinna and parotid region, while their efferents pass 
round the anterior margin of the Stemo-mastoid to join the upper deep cervical 
glands. 


3d2 
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The anterior cervical g'lands form an irregular and inconstant group on the 
front of the larynx and trachea. Tiiey may be divided into : {a) a superficial 
set, placed on the anterior jugular vein ; {h) a deeper set, whicii is further 
subdivided into pre-laryngeal, on thocrico-lhyroid nu'mbrane, and pre-tracheal, 
on the front of the trachea. This deeper set drains the lower part of tlie larynx, 
the tliyroid body, and the up])er part of the traehea ; its efiereiits })ass to the 
lower glands of the upper deep cervical group. 

The deep cervical glands (lymphoglandula* (^ervicales profundie) (figs. 650, 
653) are numerous and of large size; they form a chain along the carotid shc^ath. 
lying by the side of the pharynx, (esopliagus, and trachea, and extending from 
the base of the skull to the root of the neck. They are usually described in two 
groups : (1) an upper or submit erno-masfoid group (lym. 2 )lioglandulcT cervicales 
profunda? supciiores) lying under the Sterno-mastoid in close relation with the 
spinal accessory nerve and th(‘ internal jugular vein, some of tlie glands lying 
in front of and otheis behind tJie vessel: (2) a lower or .mpradavicMlar group 
(lymph oglandulic c(frvicales profund;e inferiores) extending beyond tlie 
posterior margin of tlie Sterno-mastoid into the supraclavicular triangle, 
wdiere tiiey are closcdy related to the brachial plexus and subclavian vein. 
A few minute glands are situated alongside the recurrent laryngeal nerves 
on the lateral aspects of the trachea and cesopliagus. The upper deep cervical 
glands drain the occipital jiortion of the scalp, the pinna, and the back of the 
neek;^ the tongue, larynx, thyroid body, traehea, naso-pharynx, nasal foss», 
palate, and oesophagus. They receive also the efferent vesscsls from all 
the other glands of the head and neck, except those from the lower deep 
cervical group. The lower deep cervi(;al glands drain the back of the S(;alp 
and neck, the superficial pectoral region, part of the arm (see page 775), 
and, oec^asionally, part of the upper surface of the liver. In addition, they 
receive vessels from the upper group. The effcMcnts of the upper deep 
cervical glands pass partly to the lower group and partly to a trunk which 
unites with the efferent trunk of the lower deep cervical glands and forms 
tlie fugular trunk (truncus jugularis). This trunk, on the I’iglit side, (mds in 
tin? juiudion of the internal jugular and subclavian veins, while on the left 
side it joins the thoracic duct. 

The lympkaiic vessels of the skin and muscles of the neck pass to the deep 
cervical glands. From tlie upp(‘r part of the pharynx the lymphatic vessels 
pass to the retropharyngeal, from the lower part to tlie dcHJp cervical glands. 
Fi’orn the larynx two sets of vessels arise, an upper and a lower. The vessels 
of the uj)per set pierce the thyro-hyoid membrane and join tlie upper deep 
cervical glands. Of the lower set, some pi<T(;e the crico-thyroid membrane 
and join the pi*e-tracheal and x>re-larvng('a.l glands ; others run between the 
cricoid and first tracheal ring and ent(‘r tlu' lower deep cervical glands. The 
lymphatic vesseds of the ihyroul body ennsist of two sets, an upper, wdiich 
accompanies the superior thyroid artery and enters the upxier deep cervical 
glands, and a lower, which runs partly to the pre-tracheal glands and partly 
to tlie small glands wliich accompany tlie rc^current laryngeal nerve. These 
latter glands receive also the lymphatic vessels from the cervical portion of 
the trachea. • 

Applied Anatomy . — The corvieal glands are very frequently the seat of tuberculous 
disease. This condition is most usually set up by somedcsion in those parts from which 
they receive their lymph. It is very desirable therefore for the surgeon, in dealing with 
these cases, to possess a knowledge of the relation of the respective groups of glands to 
the periphery, while in order to eradicate them by operation a long and difficult dissection 
may be required. 


LYMPHATICS OF THE UPPER EXTREMITY 

The lymphatic glands of the upper extremity (fig. 654) are divided 
into tw "0 setK, superficial and deep. 

The superficial lymphatic glands are few and of small size. One or two 
are placed above the internal epicondyle of the humerus, near the basilic vein. 
Their afferents drain the inner three fingers, the inner portion of the hand, 
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and the superficial area over the ulnar side of the forearm ; these vessels are, 
however, in free eommunieation w'ith the other lymphatic vessels of the fore- 
arm. Tlieir efferents accompany the basilic vein and join the deeper vessels. 
One or two glands are found beside the cephalic vein, between the Pectoralia 
major and Deltoid, immediately below the clavicle. They are situated in 
the course of the external collecting trunlcs of tlie arm. 

The deep lymphatic glands are chiefly grouped in tlie axilla, although 
a few may be found in the forearm, in the course of the radial, ulnar, and 


Fig. 054. — The superficial lymphatics of the upper extremity. 



interosseous vessels, and in the arm along the inner side of the middle part 
of the brachial artery. 

The axillary glands (lymphoglandulie axillares) (fig. 655) arc of large 
size, vary from twcaity to thirty in number, and may be arranged in the following 
groups : 

1. An external group of from four to six glands lies in relation to the inner 
and posterior aspects of the axillary vein ; the afferents of these glands drain 
the whole arm with the exception of that portion whose vessels accompany 
the cephalic vein. The efferent vessels pass partly to the central and 
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siibclavicular axillary glands and partly to the lower deep cervical 
glands. 

2. An anterior or pectoral group consists of four or five glands along 
(ho lower border of the Pectoralis minor, in relation with the long thoracic 
artery. Their alferonta drain the skin and muscles of the anterior and lateral 
thoracic walls, and the mammary gland ; their efferents pass partly to the 
central, and partly to (he subelavicular axillary glands. 

3. A posterior or suhscapular group of six or seven glands is placed along 
the lowtjr margin of the posterior wall of the axilla in the (;ourse of the sub- 
S(;apiilar artf^ry. The aff(;ren(s of this group drain the skin and musch^s of 
the lovv(5i* part of the neck and of the j)ostorior tJioracic wall : their efferents 
pass to the central group of axillary glands. 

4. A central or intermediate group of three or four large glands is imbedded 
in (be adij)os(i tissue near thc^ bastj of (he axilla. Its aff(U’en(s are the efferent 
vc^ssels of all (lie preceding groups of axillary glands ; its efferents pass to the 
subelavicular group. 


Fjo. 055. — Jjymphatics of the niairima and the axillary glands (semi-diagrammatic). 

(Poirier and Charpy.) 
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5. An internal or subelavicular group oi six to twelve glands is situated jiartly 
behind the uppin* portion of the Pectoralis minor and partly above the upper 
border of this museh*. Its only direct territorial afferents are those wdiich 
accompany the cephalic vdn and one which drains the ujiptu- peripheral ])art 
of the mamma, but it receives the efferents of all the other axillary glands. 
The efferent vessels of the subelavicular group unite to form a trunk of some 
size, the subclavian trunk (truneus subclavius), wdiich opens either directly 
into the juiic(.ion of (be internal jugular and subclavian veins or into the 
jugular lymi)hati(5 (runk : on the left side it may terrainatii in the thoracic 
duct. A few efferents from the subelavicular glands usually pass to the 
lower deep cervical glands. 

Applied Anatomy . — In malignant disease or infectious processes implicating the 
upper part of the back and shoulder, the front of the chest and mamma, the upper 
part of the front and side of the abdomen, or the hand, forearm, and arm, enlargement 
of the axillary glands is very often found. 
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The lymphatic vessels of the upper extremity arc divided into two sets, 
superficial and deep. 

TJie superficial lymphatic vessels (fig. 656) commence in the lymphatic 
plexus which everywhere pervades the skin ; tlie meshes of the plexus are 
mucli finer in the palm and on the flexor asp(x;t of the digits than elsewlicre. 
The digital plexuses arc drained by a pair of vt^ssels which run on the 
lateral aspect of each digit, and incline backwards to reach the dorsum of 
the hand. Prom the dense 

plexus of the })alm, vessels 6.56. — Lymphatic vessels of the dorsal 

pass in diflerent directions, viz. surface of 1 he hand. (Sappey.) 

upwards towards the wrist, 
downwards to join the digital 
vessels, inwards to join the 
vessels on the ulnar border of 
the hand, and outwards to those 
on the thumb. Several v(issels 
from the central i)art of the 
plexus unite to form a trunk, 
which pass(is round the meta- 
carpal boTK'. of the index finger 
to join the vessels on the back 
of that digit and on the back of 
the thumb. Running upwards 
in front of and behind t lu^ wrist, 
the lymphatic vessels are (col- 
lected into radial, median, and 
ulnar groups, which accompany 
resi)cctively the cephalic, median 
and basilic veins in the forearm. 

A few of the ulnar lymphatics 
terminate in the supratroclihjar 
glands, but the majority pass 
dire(^tly to the external group 
of axillary glands. Some of the 
radial vessels are colh^cted into 
a tnink, which ascends with tin? 
cephali(5 vinn to the glands 
between the Pcctoralis major 
and J.)cltoid ; the eftcremts 
from this group pass citlun* to 
the Bubclavicular axillary glands 
or to the lower deep cervical 
glands. 

The deep lymphatic vessels accompany the deep blood-vessels. In the 
forearm, they consist of four sets, corresponding with the radial, ulnar, and 
interosseous arteries ; they communicate at intervals with the superficjial 
lymphatics, and •some of them end in the glands which are occasionally found 
beside the arteries. In their course upwards, a few end in the glands which 
lie upon the brachial artery ; but most of them pass to the external group 
of axillary glands. 


LYMPHATICS OF THE LOWER EXTREMITY 

The lymphatic glands of the lower extremity consist of the anterior 
tibial gland, and the popliteal and inguinal glands. 

The anterior tibial gland (lymphoglandula tibialis anterior) is small 
and inconstant. It lies on the interosseous membrane in relation to the* 
upper part of the anterior tibial vessels, and constitutes a sub-station in the 
course of the anterior tibial lymphatic trunks. 

The popliteal glands (lymphoglandulaj poplitese) (fig. 657), small in size 
and some six or seven hi number, are imbedded in the fat containcKl in the 
popliteal space. One lies immediately beneath the popliteal fascia, near the 
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terminal part of tlie external saphenous vein, and drains the region from 
wliicli this vein derives its tributaries. Another is placed between the popliteal 
artery and the posterior ligament of the knee ; it receives the lyrnpliatic vessels 
from tile knee-joint together with those which accompany the articular arttTi(>!S. 
The others lie at the sides of the popliteal vessels, and receive as alTerents 
the trunks which accomx3any the anterior and posterior tibial vess(ds. The 
efferents of Uu^ popliteal glands pass almost entirely alongside the femoral 
vessels to the dee}) inguinal glands, but a few may accompany the internal 
saphenous vein, and end in the glands of the superficial inguinal group. 

The inguinal glands vary from twelve to twenty in number, and are 
arranged in two groups, superficial and deep. 

The superficial inguinal glands (fig. 658) lie in front of Scarpa’s triangle, 
and are situated between the two layers of the superficial fastua. They may 
be divided into two groups, an u])per and a lower, by a horizontal line at the 
level of the t(‘rinination of tJie internal saphenous vein. The glands of the 
upper group (lymph oglandulae inguinales) form a chain immediately below 

Fio. 657. — Lymphatic glands of popliteal space. (Poirier and Char})y.) 
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Poupart’s ligament. They receive as afferent s lymphatics 'Vessels from the 
integument of the penis, scrotum, p(^rimeum, buttock, and abdominal wall 
below the level of the umbilicus. The glands of the lower group (lympho- 
glandulie subinguinales) are placed on either side of the upper part of the 
internal 8a|)henous vein, and their afferents consist of the superficial lymphatic 
vessels of the low er extremity ; they also rcHieive some of the vessels w'hich 
drain the integument of the penis, scrotum, j)e'rin8BUTn, and buttock. 

The deep inguinal glands (lymphoglandulae subinguinales profund®) 
(fig, 659) vary trojii one to three in number, and are placed under the fascia 
lata, on the inner side of the femoral vein. When three are present, the 
lo>yest is situated just below' the junction of the internal saj)lienous ahd femoral 
veins, the middle in the cu'ural canal, and the highest in the outer part of the 
cruial ring. The middle is the most inconstant of the three, but the highest 
one, the gland of Cloquet or Eosenmidler, is also frequently absent. 1’hey 
receive as afferents the deej) lymphatic trunks wdiich accompany the femoral 
vessels, the lymphati(?H from thcglans penis vel clitoridis, and also some of the 
efferents from the superficial inguinal glands. 
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AppUaJ Anatomy . — Inflammation and sup- 
puration of the poj)liteal glands are most 
commonly duo to a sore on the outer side of 
the heel. 

The inguinal glands frequently become 
enlarged in diseases implicating the parts fn)m 
which their lymphatics originate. I’liiis in 
malignant or syphilitic alfoctions of the 
prejmcc and penis, or labia majora, in cancer 
scroti, in abscess in tlie [)erina‘imi, or in 
similar diseases atferting the integument and 
superficial structures in those parts, or the 
sub- umbilical part of the abdominal wall, or 
the gluteal region, the upper chain of glands 
is almost invariably enlarged, the lower chain 
being implicated in disc.ases affecting the 
lower limb. 

The lymphatic vessels of the lower 
vxlrcmiUj consist of two stds, superficial 
and doo}), and in their distribution corre- 
spoiid closely with th(i vtdns. 

Tile superlicial hpnphatic vessels lie in 
flic superficial fascia, and are divisible 
into two groups : an internal, which 
follows the course of tiu* internal 
saphenous vein ; and an cxtcu'iial, which 
accompanies tlu^ external saphenous, 
'^riie vessels of the internal grovp 'lire 
larger and mojc numerous than tlios(‘ of 
the external group, and commenci^ on 
the inmu’ side and dorsum of the foot ; 
they pass both in front- of and behind 
the inner ankle, run up llie leg witli the 
internal saphenous vein, jiass with it 
Ixdiind tlu' inner condyle of the femur, 
and accompany it to the groin, where 
they terfiiinate in the inferior group 
of superficial inguinal lymphatic glands. 
The vessels of the external groap arise 
from the outer side of the foot ; some 
ascend in front of the leg, and, just 
below the knee, cross the tibia from 
V dhout inw^ards, to join tlie lympliatics 
on the inner side of the thigh ; otlicrs 
pass behind the outer malleolus, and, 
accompanying tlie external saphenous 
vein, enter the popliteal glands. 

'Ihe deep lymphatic vessels are few 
in number, and accompany the deep 
blood-vessels. In the leg, they consist of 
three sets, the anterior tibial, posterior 
tibial, and peroneal, which accomjiany 
the corresponding blood-vessels, two 
or three with each artery ; tliey ascend 
alongside the blood-vessels, and enter 
the lymphatic glands in the iioplitcal 
space. 

The deep lymphatic vessels of the 
gluteal and ischial regions follow the 
course of the corresponding blood- 
vessels. Those accompanying the gluteal 
vessels end in a gland which lies on 
the intrapelvic portion of the gluteal 
artery near the upper border of the 


Ftu. 6fi8. — The superficial lymphatics 
of the lower extremity. 
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great saero-sciatic notch. Those following the sciatic vessels traverse one or two 
small glands which lie below the Pyriformis muscle, and end in the internal 
iliac glands. 


LYMPHATICS OF THE ABDOMEN ANT) PELVIS 

The lymphatic glands of the abdomen and pelvis may be divided, 
from their situations, into (a) 'parietal, lying behind the peritoneum and 

Fia. 050. — The deep lymphatic vessels and glands of the abdomen and pelvis. 



in close association with the larger blood-vessels ; and (h) visceral, which are 
found in relation to the visceral arteries. 

The parietal glands (fig. 659) include the following groups : 

External iliac. ( Lateral aortic. 

Internal iliac. Lumbar < Pre-aortic. 

Common iliac. [ Retro-aortic. 
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The external iliac glands, from eight to ten in number, lie along tlie 
external iliac vessels. They are arranged in three groups, one on the outer, 
another on the inner, and a third on the anterior aspect of the vessels ; the 
third group is, howeve^r, sometimes absent. Their principal afferents are 
derived from th(^ suj)eT*ficial and deep inguinal glands, the deep lympliatics 
of the abdominal wall below the umbilicus and of the adductor region of tlie 
thigh, and the lymphatics from the glaris penis vcl clitoridis, the membranous 
urethra, the prostate, tlio base of the bladder, the cervix uteri, and upper 
part of the vagina. 

Small chains of glands are sometimes found along the coursers of the 
deep epigastric and deep circumflex iliac arteries, and an obturator gland is 
oc(;asionally seen on the upper aspect of the obturator foramen. 


Pio. 6()0. — Jlio-j)elvic lymphatic glands. (Cuneo and Marcillo.) 



The internal iliac or hypogastric glands (lymphoglandula^ hypo- 
gastricse) (figs. 660, 661) suiTound the internal iliac vessels, and receive the 
lymphatics corresponding to the distribution of the branches of the internal 
iliac artery : i.e. they receive lymphatics from all the pelvic viscera, from the 
deeper parts of the perinacum, including the membranous and penile portions of 
the urethra, and from the buttock and back of the tliigh. The sacral glands 
are an isolated set of this group, placed in the concavity of the sacrum, in 
relation to the middle and lateral sacral arteries ; they receive lyin])hatic.s 
from the rectum and posterior wall of the pelvis. 

The efferents of tho internal iliac group terminate in the common iliac 
glands. 
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The common iliac glands, four to six in number, are grouped in relation 
to tiie lateral and deep aspects of the common iliac artery, one or two being 
placed below tbe bifurcation of the aorta, in front of the fifth lumbar vertebra. 
They drain chiefly the internal and external iliac glands, and their efferents 
pass to the lateral aortic glands. 

The lumbar glands (lymphoglandulse lumbalcs) are very numerous, and 
consist of right and left lateral aortic, pre-aortic, and retro-aortic groups. 

. The right lateral aortic glands are situated ])artly in front of the inferior 
vena cava, near the termination of the renal vein, and partly behind it on the 
origin of tlie Psoas, and on the right- crus of the Diaphragm. The left lateral 
aortic^(fland>^ form a chain on the left side of the abdominal aorta in front- of 
tlu^ origin of the Psoas and left crus of the Diaphragm. The glands on either 
side receive (a) the efferents of the common iliac glands, (b) the lymphatics 
from the testicle in the male and from tlie ovary, Fallopian tube, and body 


Fio. 661. — IJio-peJvic glands (lateral view). (Ciinex> and Marcillc.) 
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of^the wtmis in the female ; (c) the lymphatics from the kidney and suprarenal 
gland ; and (d) the lymphatics draining the lateral abdominal muscles and 
accompan3dng the lumbar veins. Most of the efferent vessels of the lateral 
aortic glands converge to form the rigid and left lumbar trunks (trunci 
lumbales) which join the receptaculum chyli. but some enter the pre- and 
retro-aortic glands, and others pierce the (uura of the Diaphragm to join the 
low er end of the thoracic duct. The pre-aortic glands lie in front of the aorta, 
and maj^ be divided into codiac, superior nieserUeric, and inferior mesenteric 
groups, arranged around the origins of the corresponding arteries. They 
n^ceive a few^ vesstds from the lateral aortic glands, but their principal afferents 
are derived from the viscera supplied by the three arteries with which they are 
associated. Some of their efferents pass to the rctro-aortic glands, but the 
majority unite to form a (jommon trunk, the truncus intestinalis, which enters 
the receptaculum cliyli. The retro-aortic glands are placed btdow the recepta- 
culum chyli, on the bodies of the third and fourth lumbar vortobrs0. They 
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receive lymphatic trunks from the lateral and pre-aortic glands, while their 
efferents terminate in the receptaeulum chyW. 

The lymphatic vessels of the walls of the abdomen and pelvis may bo divided 
into two sots, superficial and deep. 

The superficial vessels follow the course of the superficial blood-vessels 
and converge to the upp(u* group of the superfic^ial inguinal glands. Those 
derived from the integument of the front of the abdomen below the*, 
umbilicus follow the courses of the supci’ficial epigastric, vessels, and those 
from the sides of the lumbar part of the abdominar wall pass along the cre‘st 
of th(‘ ilium, with the superficial circumflex iliac vessels. The superficial 
lymphatic vessels of the gluteal region turn horizontally round the outer side 
of the buttock, and join the superficial inguinal glands. 

The deep vessels run alongside the principal blood-vessels. Those of the 
pfirietes of the pelvis, which accomj>aiiy the gluteal, sciatic, and obturator 
vessels, follow the course of the internal iliac artery, and ultimately join tlu' 
lateral aortic glands. 

Lymphatic vessels of the perinveum and external genitals. — ^Tho lymphatic 
vessels of the perinteum, of tlu’; integument of thc! pc^nis, and of the scrotum 

Fui. 662. — Lymi^haiios of stomach, &c. (Jamieson and Dobson.) 



(or vulva), follow the course of the external pudic vesstds, and terminate 
in the superficial inguinal glands. Those of the glans penis vel clitoridis 
terminate partly* in the deep inguinal glands and partly in the external 
iliac glands. 

The visceral glands are associated with the branches of the coeliac 
axis, superior and inferior mesenteric arteries. Those related to the branches 
of the coeliac axis artery form three chains, coronary, hepatic, and splenic, 
which accompany the corresponding branches of the artery. 

The glands of the coronary ch^ain (lyraphoglandulae gastricac superiores) 
are divisible into three groups, viz. : (a) upper coronary, on the stem of the 
artery ; (6) lower coronary, accompanying the descending branches of the 
artery along the cardiac half of the lesser curvature of the stomach, between 
the two layers of the small omentum ; and (c) paracardial ‘ outlying members 
of the coronary chain, disposed in a manner comparable to a chain of beads 
around the neck of the stomach ’ (Jamieson and Dobson).* 

The glands of the coronary chain receive their afferents from the stomach ; 
their efferents pass to the coeliac group of pre-aortic glands. 

* L(moet, April 20 and 27, 1007. 
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The glands of the hepatic chain (lymphoglandulse hepaticss) (fig. 662) 
consist of the following groups : (a) hepatic, on the stem of the hepatic 
artery, and extending upwards along the common bile-duct, between the two 
layers of the gastro-hepatic omentum, as far as the transverse fissure of the 
liver ; the cystic glarid, a member of this group, is placed near the neck of 
tlie gall-bladder; (b) suhpyloric, four or five in number, in close relation to 
the bifurcation of th(5 gastro-duodenal art('ry, in the angle between the first 
atid second parts of tlic duodenum ; an outlying member of this group is 
sometirn(is found above the duodenum on the pyloric artery; (c) right gastro- 
epiploic (lyniphoglandulai gastricie inferiores), four to seven in number, between 
the two layers of the great omentum, along the pyloric half of the greater 
curvature of the stomach. The glands of the liepatic chain receive atferents 
from the stomach, duodenum, liver, gall-bladder, and 2 )ancreas ; tlieir efferents 
join ilu‘ eceliac group of pre-aortic glands. 

Fia. 6G3. — Lymj)hatics of stomach, &c. The stomach has been turned U 2 )wards. 

(Jamieson and Dobson.) 



The splenic glands (lymphoglandulae pancreaticolienales) (fig. 663) accom- 
j)any the sidenic artery, and aie situated in relation to the posterior surface and 
ujjper border of the pancreas ; one or two members of this group are found in 
tlic gastro-splenic omentum (Jamieson and Dobson, op. cit.). Their afferents. 
are derived from the stomaerh, spleen, and pancreas ; their efferents join the 
coeliac group of ])r('-aortic glands. 

The superior mesenteric glands may be divided into three principal 
groups : mesenteric, ilco-colic, and mcso-colic. 

The mesenteric glands (lymphoglandulae mesentericjB) (fig. 664) lie between 
the layers of the mesentery. They vary from one hundred to one hundred and 
fifty in number, and may be grouped into three sets, viz. : one l 3 dng close 
to the wall of the small intestine, amongst the terminal twigs of the superior 
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mesenteric artery ; a second, in relation to the loops and primary branches of 
the vessel ; and a third along the trunk of the artery. 

Applied Anatomy, — Enlargement of the mesenteric lymphatic glands is seen in most 
diseased conditions of the intestinal tract, and is well marked in enteric fever, tuberculous 
ulceration or malignant growths of the bowel. The enlarged glands can often be 
palpated through the wall of the abdomen. 

The ileo-colic glands (fig. 665), from ton to twenty in number, form a (diain 
around the ileo-colic artery, but show a tendency to subdivision into two groups, 
one near the duodenum and another on the lower part of thet.i’unkof the artery. 
Where the vessel divides into its terminal branches the chain is broken uj) 
into several groups, viz. : (a) ileal, in relation to the ileal brancli of the artery ; 
{h) anterior ileo-colic, usually of three glands, in the ileo-(!oJie fold, near the v ail 


Fig. 664. — Lymihatics of colon. (Jamieson and Dobson.) 



of tJie csccum ; (c) posterior ileo-colic, n)ostly placed in the angle between the 
ileum and the colon, but partly lying behind the cjpcum at its junction with 
the ascending colon ; (d) appendicular, usually a single gland, between the 
layers of the meso-appendix, near its free edge ; (e) right colic, along the inner 
side of the ascending colon. 

The meso-colic glands are numerous, and lie between the layers of the 
transverse meso-colon, in close relation to the transverse colon ; they are best 
developed in the neighbourhood of the hepatic and splenic flexures. One or 
two small glands are occasionally seen along the trunk of the right colic artery, 
and others are found in relation to the trunk and branches of the middle 
colic artery. 

The superior mesenteric glands receive afferents from the jejunum, ileum, 
caecum, vermiform appendix, and the ascending and transverse parts of the 
colon ; their efferents pass to the pre-aortic glands. 
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The inferior mesenteric glands (fig. 664) consist of : (a) small glands on 
the branches of the left colic and sisemoid arteries; (b) a group in the pelvic 
mesocolon, around the superior hsemorrhoidal artery; and (c) a pararectal 
group in contact witli tlie muscular coat of the rectum. They drain the 
descending, iliac, and pelvic parts of tlio colon and the upper part of tlie 
rectum ; their efferents pass to the pre-aortic glands. 

lymphatic vessels of the abdominal and pelvic m.scera consist of : (1) tliose 
of the subdiaphragmatic portion of tlie alimentary canal and its associated 
glands, the liver and pancreas ; (2) those of the spleen and suprarenal bodies ; 
(3) those of the urinary organs ; (4) those of the reproductive organs. 

(1) The lymphatic vessels of the subdiaphragmatic jxyriion of the alimentary 
canal ar<^ situated partly in the mucous membrane and partly in the sero- 
muscular coats, but as the former system drains into the latter, the two may 
be considered as one. 

The lymphatic vessels of the stomach (figs. 662, 663) are continuous at the 
cardiac? end with those of the oesophagus, and at the pyloric end with those of 

Fig. C65. — The lym£)hatics of caecum and vermiform appendix, from the front. 

(Jamieson and Dobson.) 


Duodenum 



the duodenum. They mainly follow the blood-vessels, and may be arranged 
in four sets. Those of the first set accompany the brandies of the coronary 
artery, receiving tributaries from a large area on either surface of the stomach, 
and terminate in the glands of the coronary chain. Those of the second set 
drain the fundus of the stomach on the left of a line drawn vertically from 
the oesophagus ; they accompany, more or Jess closely, the vasa brevia and left 
gastro epiploic arteries, and end in the splenic glands. The vessels of the third 
set drain the right portion of the greater curvature as far as the pyloric canal, 
and end in the right gastro-epiploic glands, the efferents of which pass to the 
subpyloric group. Those of the fourth set drain the pyloric canal and pass to 
the hepatic and subpyloric glands, and to the glands of the coronary chain. 

The lymphatic vessels of the duodenum consist of an anterior and a posterior 
set, which open into a series of small pancreatico-duodenal glands on the anterior 
and posterior aspects of the groove between the head of the pancreas and the 
duodenum. The efferents of these glands run in two directions, upwards to 
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the hepatic glands and downwards to the prc-aortic glands around tlio origin 
of the superior mesenteric artery. 

The lymphatic vessels of the jejunum and ileum are termed lacteals, from the 
milk-white fluid they contain during intestinal digestion. They run between 
the layers of the mesentery and enter the m«\senterio glands, tlie cflPcrenls of 
x^'hich terminate in the pre-aortic glands. 

The lymphatic vessels of the vermiform appendix and emeum (figs. G65, 666) 
are numerous, since in the wall of the appendix there is a large amount of 
adenoid tissue. From the body and tail of the api)endix eight to fifU^eri vessels 
ascend between the layers of the meso-appendix, oru* or tw o being interrupted 
in the a])pendieular gland. On rea(;hing the stem of the append icailar artery, 
they unite to form tliree or four vessels, w hich end partly in the low^er and 
partly in the upper glands of the ileo-colic chain. The vessels from the root of 
the appendix and from tht? caecum consist of an anterior and a posterior- 
group. The anterior vessels pass in front of th<* canjum, and end in the 
anterior ileo-i^olic glands, and in the upper and low^er glands of Iht^ ileo-colie 


Fig. 00(). — The lymphatics of cieciirn and ' ormiform appendix, from behind. 
(Jaini(\4on and Dobson.) 
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cliain ; thti posterior vessels ascend over the back of tlu^ ca*cum and termi- 
nate in the posterior ileo-colic glands and in tlie lower glands of the ileo-colic 
(^hain. 

Lymphatic vessels of the colon, — The lymphatics of the ascending and 
transverse parts of the colon finally terminate in the mesenteric glands, after 
traversing tlm right colic and meso-eolic glands. Those of the descending 
and ilio-pelvie parts of the colon are intruTupted by the small glands on the 
branches of the left colic and sigmoid arUn-ics, and ultimately end in the 
pre-aortic glands around tlie origin of the inferior mesenteric artery (fig. 664). 

Lymphatic vessels of the anus, anal ca7ialf and rectum., — The lymphatics from 
the anus pass forw^ards and end with those of the integument of the perinajum 
and scrotum in the superficial inguinal glands ; those from the anal canal 
accompany the middle and inferior haemorrhoidal arteries, and end in the 
internal iliac glands ; wliile the vessels from the rectum traverse the pararc^etal 
glands and pass to. those in the pelvic meso-colon; the efferents of the latter 
terminate in the pre-aortic glands around the origin of the inferior mesenteric 
artery. 

3 B 
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The lymphatic vessels of the liver are divisible into two sets, superSoial and 
deep. The former arise in the subperitoneal areolar tissue over the entire 
surface of the organ, and may be grouped into : (a) those on the convex 
surface, (ft) those on the inferior surface. 

(a) On the convex, surface . — The vessels from the back part of this surface 
reach their terminal glands by three different routes ; the vessels of the middle 
set, five or six in number, pass through the caval opening in the Diaphragm 
and end in one or two glands which are situated around the terminal part of 
the inferior vena cava ; a few vessels from tlie left side pass baek\s'ards 
towards the oesophageal opening, and terminate in the paracardial glands of 
the coronary chain ; the vessels from the right side, one or two in number, 
run on the abdominal surface of the Diaphragm, and, after crossing its right 
crus, terminate in the pre-aortic glands which surround the origin of the 
coeliac axis. From the portions of the right and left lobes adjacent to the 
falciform ligament, the lymphatic vessels converge to form two trunks, one of 


Fig. 667. — Lvinj)hatics of the bladder. (Cunco and Marcille.) 
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whieli laccompanies tlie vena cava through the Diaphragm, and ends in the 
glands around the terminal })art of this v(‘sscl : the other runs downwards 
and forwards, and, turning round tlie anterior sluirp margin of the liver, 
accompanies the ilpper fiart of the Jigamentuin teres, and ends in the upper 
hepatic glands. From the anterior surface a fe^A’ additional vessels turn round 
the anterior sliarp margin to reach the upper hepatic glands. 

(h) On the inferior surface .. — The vessels from tJiis surface mostly converge 
to t\w> transverse fissure, and accompany the deep lymphatics emerging 
from this fissure to the hepatic glands ; one or two from the posterior parts 
of the right and Spigelian lobes accompany the inferior vena cava through 
the Diaphragm, and end in Die glands round the terminal part of this 
vein. 

The deep lymphatics converge to ascending and descending trunks. The 
ascending trunks accompany tlie hepatic veins and pass through the Diaphragm 
to end in tlie glands round the terminal part ot the inferior vena cava. The 
descending trunks emerge from the transverse fissure, and end in the hepatic 
glands. 
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The lymmhaiic vessels of (he gaU-bladder pass to the hepatic glands in the 
tmns verse fissure of the liver ; those of the common bile-auct to the hepatic 
glan^ alongside the duct and into the upper pancreatico-duodenal glani^. 

The lymphatic vessels' of the pancreas follow the course of its blood-vessels. 
Most of them enter the glands of the splenic chain, but some end in the 
pancTeatico-duodcnal glands, and others in the pre-aortic glands, near the 
origin of the superior mesenteric artiTy. 

(2) The lymphatic vessels of the spleen and suprarenal glands. 

The lymphatic vessels of the spleen, both superficial and deep, pass to the 
splenic glands in the lieno-renal ligament. 


Fig. 668. — Lymphatics of the prostate, (Cuneo and Marcille.) 
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The lymphatic vessels of the suprarenal glands usually accompany the 
suprarenal veins, and end in the lateral aortic glands ; occasionally some 
of them pierce the crura of the Diaphragm and terminate in the glands of the 
posterior mediastinum. 

(3) The lymphatic vessels of the urinary (yrgans, 

Ihe lymphatic vessels of the kidney form three plexuses : one in the substance 
of the kidney, a second beneath its fibrous capsule, and a third in the peri- 
nephric fat ; the second and third communicate freely with each other. 

The vessels from the plexus in tlie kidney substance converge to form four 
or five trunks which issue at the hilus. Here they are joined by vessels 

3 E 2 
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from the plexus under the capsule, and, following the course of the renal 
vein, end in the lateral aortic glands. The perinephric plexus is drained 
diiectly into the upper lateral aortic glands. 

The lympimtic vessels of the ureter run in different directions. Those from 
its upper portion end partly in the efferent vessels of the kidney and partly 
in the lateral aortic glands ; those from the portion immediately above the 
pelvic brim are drained into the common iliac glands ; while the vessels from 
the intrapelvic portion of the tube join the efferents fiom the bladder, or 
terminate in the internal iliaci glands. 

The lymphatic vessels of the bladder (fig. 667) originate in two plexuses, an 
intra- aneJ an extra-muscular, it being generally admitted that tlie mucous 


Km. 669. — Lymphatics of the utorus. (Cun6o and Marcille.) 
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membrane is devoid of lvmj)hatics.* The (afferent vessels are arranged in two 
groups, one from the anterior and another from the posterior surface of the 
bladder. The vessels from the anterutr surface pass to the external iliac 
glands, but in their course minute glands are situated. Tliese minute glands 
are arranged in two groups, an anterior vesical group, in front of the bladder, 
and a lateral vesical, in relation to the hyj^ogastric artery. The vessels from 
the posterior surface pass to the internal, external, and common iliac glands ; 
those draining the upf)er part of this surface traverse the lateral vesical glands. 

The lymphatic vessels of the prostate (fig. 668) terminate chiefly in the 

* Some auUiorities iiiaiiifcaiu that a plexus of lympbatJc; vessels does exist in the mucous 
membrane of the bladder (consult Mcdacinc fmv.ratolrt‘ des Voies uriTiaires, par J. Albarran, 
Paris, 1909). 
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internal iliac and sacral glands, but one trunk from the posterior surface ends 
in the external iliac glands, and another from the anterior surface joins the 
vessels which drain the membranous part of the urethra. 

Lymphatic vessels of the urethra . — The lymphatics of the penile portion of 
the urethra accompany those of the glans penis, and terminate with them in 
the deep inguinal and ext(UTial ilitve glands. Those of the membranous and 
prostatic portions, and those of tlie whole urethra in the femah?, pass lo the 
internal iliac glands. 

(4) The lymphatic vessels of the reprodnciive organs. 

The lymphatic vessels gj the testes (jonsist of two sets, superficial and deep, 
tlie fornuT coihmwicmg on the surfac^e of the tunica vaginalis, th(^ latter in 
the epididymis and bod}’^ of the testis. They form several large trunks, 
which ascend with the spermatic cord, and, accompanying the spermatic 
vessels into the abdomen, terminate in the l ateral aortic glands. 

Tlie lymphatic vessels of the vas deferens pass to the external iliac glands ; 
thos(‘ of the vesiculai ficminales partly to the internal and partly to the external 
iliac glands. 

Tli(' lymphatic vessels of the ovary are similar to those of the testis, and 
ascend with tlu'. ovarian artery to the lateral aortic glands. 

The Ij^nphatic vessels of Fidlopiaok^iuhe pass partly with those of the 
ovary and })artlv witli those of th(‘ uterus. 

Jymphatic vessels of the uterus (fig. 6fi9) consist of two sets, superficial 
and d(H'p, the formei' being ])racl^ beneath the pcwitoiuMim, the lattt'r in the 
substance of the organ. The lympiuiUcs ^pf the eeiwix u^eu ^'^n in three 
dii'(‘ctions : transversc'ly to the external ilia(5 pamTs, posl(‘ro-hit(U‘ally to the 
i nte rnal iliac glands, and posteriorly to th(' (‘oinrnon iliac glands. The majority 
of tlu' v_e s^e.ls _o£ tlie body an<l fund US of th(‘ uterus pass outwards in the broad 
ligaments, and are contimu'd up with the ovarian vessels to t.lu^ ffiteral aortic 
glands : a f(*w, however, jun to th(‘ external iliac glands, and one or two to 
the sujjcrficial inguinal glands. In tlu' unimpn'gnated uterus, the lymphatic 
vessels ar<^ v(ny sjuall, but during gisstation are gi’catly enlarged. 

'.riie ljy%rffp}affic vesse^^^^ of the vagina are caiTi(‘d in thnn^ directions : those of 
the uppiu.* ptirt-to Ilic external iliac* glands, tliose of the* n^iddle, pa rt to the 
in ty rial iliac glands, and those* of thc^ lawnr^part to the conimon iliac glands. 
()n the* cour’sc^ of those from the middle and lower parts small glands are 
situated. Some lymphatics from the lower })art- of the vagina join those of 
the vulva, and pass to tlic^ superficial inguinal glands. The lymphatics of th(» 
vagina anastomose witli tliose of the cervix uteri, vulva, and r<*ctuni, but not 
with those of the bJaddeu*. 


LYMPHATICS OK THE THORAX 

The lymphatic glands of the thorax may be divided into parietal and 
visceral— the forin(*r being situated in the tlioiacic; wall, tiie latter in relation 
to the viscera. 

The parietal lyjnphatic glands ineludi* the internal mammary, intercostal 
and diaphragmatic glands. 

1. The internal mammary glands are placed at the anttuior extremities 
of the intercostal spa(;es, by the side of the internal mammary artery. They 
derive aft’erents from the mammary gland, from the diiejier strueturcis of the 
anterior abdominal wall above the level of the umbilicus, from the upper 
surface of tin* liver through a small group of glands w'hieh lie behind the ensi- 
form cartilage, and fi*om the deeper parts of the anterior portion of the thoracic*, 
wall. Their efferents usually unite to form a single trunk on either side ; this 
may open directly into the junction of the internal jugular and subclavian 
veins, or that of the right side may join the right subclavian trunk, and that 
of the left the thoracic duct. 

2. The intercostal glands (lymphoglandulaj intercostales) occupy the 
posterior parts of the intercostal spaces, in relation to the intercostal vessels. 
They receive the deep lymphatics from the postero-lateral aspect of the cliest ; 
some of these vessels arc interrujitcd by small lateral intercostal glands, 'die 
efferents of the glands in the low^cr four or five spaces unite to form a trunk. 



790 


ANGIOLOGY 


which descends and opens either into the receptaculnm ohyli or into the 
(iomnicncjenient of the thoracic duct. The efferents of the glands in the 
upper spaces of the left side terminate in the thoracic duct ; those of the 
corresponding right spaces, in the right lymphatic duct. 

3. The diaphragmatic glands lie on the thoracic aspect of the Dia^ 
phragm, and consist of three sets, anterior, middle, and posterior. 

The anterior set consists of (a) two or three small glands behind the base 
of the ensiform cartilage, which receive afferents from the convex surface 
of the liver, and (h) one or two glands on either side near the junction of the 
seventh rib with its cartilage, which receive lymphatic vessels from the front 
part of the Diaphragm. The efferent vessels of the anterior set pass to the 
internal mammary glands. 

The middle set consists of two or three glands on either side close to 
where the phrenic nerves enter the Diaphragm. On the right side some 
of the glands of this group lie within the fibrous sac of the pericardium, on 
the front of the termination of the inferior vena cava. The afferents of this 
set are derived from the middle part of the Diaphragm, those on the right 
side also receiving afferents from the convex surface of the livc^r. Their efferents 
pass to the posterior mediastinal glands. 

The posterior set consists of a few glands situated on the back of the 
diaphragmatic crura, and connected on the one hand witli the lumbar glands 
and on the other with the posterior mediastinal glands. 

Tlie superjicial lympJmtic ve^isds of the thxyracic wall ramify beneatli the 
skin and converge to the axillary glands. Those over the Trapezius and 
Latissimus dorsi run forwaids and unite to form about ten or twelve trunks 
which (md in the subscapiilar group. Those over the f)eetoral i(‘gion, 
including Ihe vessels from the skin covering th(‘ peripheral part of the 
mamma, run backwards, and thos(' over the Herratus magnus upwards, to the 
pectoral group. Others near the lateral margin of the sternum pass iinvaids 
oet^vcon Die rib cartilages and end in the internal inamniary glands, while 
the vessels of opposite sides anastomose acioss the front of tlie steiiuim. A 
bbe few vessels from the ufiper part of tfie jiectoial n^gion pass uj) wards over 
clavicle to the supraclavicular group of c('rvical glands. 

The lymphatic vessels of the mammary (//arz-t/ originate in a plexus in the 
interlobular spacers and on the walls of tli(^ galactophorous du(ds. Those from 
the central part of the gland pass to tan intricate f)lexus situated beneath the 
areola, a jdexus which receives also the lymphatics from the skin over the 
central part of tlu; gland and those from the areola and nipple. Its efferents 
are collected into two trunks wdiich pass to the pectoral group of axillary 
glands. The vessels which drain the inner part of the mammary gland pierce 
the thoracic wall and end in the internal raainmary glands, while a vessel 
has occasionally been seen emerging from the upper part of the gland and, 
piercing the Pcctoralis major, to terminate in the sub(;lavicular glands (fig. 655). 

The deep lymphatic vessels of the thoracic wall consist of : 

1. The lymphatics of the musek'S which lie on the ribs : most of these 
terminate in the axillary glands, but some from tluj Pectoralis major pass 
to the internal mammary glands. 

2. The intercostal lyrnjdiatic vesstds w^hieh drain the liitiireostal muscles 
and parietal pleura. I’liose draining tlie External intercostal muscles run 
backwards and, after receiving the vessels which acirompany the posterior 
bram^hes of the intercostal arteries, terminate in the posterior intercostal 
glands. Those of the Internal iriUTcostal muscles and iiarietal pleura consist 
of a single trunk in each space. These trunks run forwards in the subpleural 
tissue and the upper six open s(^paratcly into the internal mammary glands 
or into the vessels wliich unite them : those of the lower spaces unite to form a 
single trunk w hich terminates in the lowest of tiic internal mammary glands. 

3. 1’he lymphatic vessels of the Diaphragm, which form two plexuses, one on 
its thoracic and another on its abdominal surface. These plexuses anastomose 
freely w ith each other, and are best marked on the parts covered respectively 
by the pleurae and peritoneum. That on the thoracic surface communicates 
with the lymphatics of the costal and mt'diastinal parts of the pleura, and 
its efferents consist of three groups : (ti) anterior, passing to the glands 
w^hich lie near the junction of the seventh rib wdth its cartilage ; {b) middle, to 
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tile glands on the oesophagus and to those around the termination of the 
inferior vena cava ; and (c) posterior, to the glands which surround the aorta at 
the ])oint where tliis vessel leaves the thoracic cavity. 

The plexus on the abdominal surface is composed of fine vessels, and anasto- 
moses with the lymphatics of the liver and, at the periphery of the Diaphragm, 
with those of tlie subperitoneal tissue. The efferents from the right half of this 
plexus terminate partly in a group of glands on the trunk of the coiTesponding 
inferior phrenic artery, while others end in the right lateral aortic glands, 
l^hose from the left half of the plexus pass to the pre- and lateral aortic glands 
and to the glands on the terminal portion of the oesophagus. 

Fig. 670.— Disposition and relations of the tracheo-bronohial lymphatic glands. (From 
a figure designed by M. Hal]6, and printed in ‘ La Clinique M^dioale/ tome iv.) 



1. 1’. Trachea. 3.1m ominate urtcry. 1. -Vrch of aon i. j. J.fft fiiihfl.'n'ian artery. (». Left common 

curotni urter\. 7. Thoracic a o ta. K. CEsopliH^iis. . Kif^ht bronchus. 10. Loft brom hiia. 11.* lliKhtvajjus nerve. 
12. JiiKht rc‘currer>t larynKPal ticrvc. 13, 11. Ki^^hti ostenor imlinonurv plexus. Lr>. (Ksopluif'eal plexus. IG. Loft 
v.ajfus nerve*. 17. Ijoft reourrent laryiwcsil nerve, H. li». Left, posterior puluioiuirv TtJcx'us. 20. GJsintlM accom- 
paiiyini? right recurrent lary igoal nerve. 21. Glands accompanying loft rocurront Inryngoiil nerve. 22. Ilight 
trnehoo- bronchial glands. 23. Left traclu broucli al gl.im.Ls. 2 1, 2.'). Interbronchial glands. 20. Gian ds below 
bifurcation of trachea. 


The visceral lymphatic glands consist of three groups, viz. anterior 
mediastinal, posterior mediastinal, and trachco-bronchial. 

The anterior mediastinal glands (lymjilioglandulaj mediastinales an- 
teriores) are placed in the anterior part of the superior mediastinum, in front 
of the arch of the aorta and in relation to tlie innominate veins and the large 
artftial trunks which arise from the aortic arch. They receive afferents 
from the thymus gland and pericardium, and from the internal mammary 
glands ; their efferents unite with those of the trachco-bronchial glands, to 
form the right and left broncho-mediastinal trunks. 
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The posterior mediastinal glands (lymphoglandulae mediastinales 
posteriores) lie behind the pericardium in relation to tlie oesophagus and 
descjending thoracic aorta. Their affercnts are derived from the oesophagus, 
the posterior part of the pericardium, the Diaphragm, and the convex surface 
of the liver. Their efferents mostly terminate in the thoracic duct, but some 
join the trachco-bronchial glands. 

The tracheo-bronchial glands (fig. 670) form three main groups in 
relation to the bifurcation of tlie tracliea- one on cither side of the trachea 
above the bronchi, and one in the angle between the bronclii (lymphoglandulae 
tracheales) ; other glands, t(U‘i!)ed interhr&nchial (lymphoglandulae bronchialcs) , 
are found at the points of division of the larger bronchi. The affercnts 
of the tracheo-bronchial glands drain the lungs and bronclii, the thoracic 
part of the trachea and the heart ; some of tlic efferents of the posterior 
mediastinal glands also terminate in this group. Their effortmi vessels ascend 
upon the trachea and unite with efferents of tJic internal mammary and 
anterior mediastinal glands to form tlio right and l(\ft hroncho-mcdiastinal 
trunks, l’'he right bronclio-mediastinal trunk may join the right lymphatic 
duct, and the left the thoracic duct, but more frequently they open 
indcyicndently of th(\s(i ducts into the junction of tlie internal jugular and 
subclavian veins of their own side. 

Applied Anatomy , — In all town-dwelJcrs thoro arc continually being swcj)t into these 
glands from the bronchi and .'ilveoli large quantities of the dust and bhiok cjirbonac(‘ous 
pigment that are so freely inhaled in cities. At first the glands are moderately enlarged, 
firm, inky black and gritty on section ; later they enlarge still further, often becoming 
fibrous from the irritation set up by the minute foreign bodies with which they are crammed, 
and may break down into a soft slimy mass or may calcify. In tuberculosis of the lungs 
these glands arc practically alw'ays infected ; they enlarge, being filled with tuberculous 
deposits that may soften, or become fibrous, or calcify. Not infrequently on enlarged 
tulierculous gland perforates into a bronchus, discharging its contents into the tube. When 
this happens there is great danger of acute ymlmonary tuberculosis, the infecting 
gland -substance being rajiidly spread throughout the bronchial system by the coughing 
its presence in the air-jiassages excites. 

The lympfiatic vessels of the thoracic viscera consist of those of tlui heart 
and pericardium, lungs and pleura, thymus, and (x'sojdiagus. 

The lym/phatic tnssels of the heart consist of two plexuses, (ei) deep, 
immediately under the endocardium, and (b) superficial, subjacent to the 
visceral pericardium. The de(q> plexus opens into the superficial, the efferents 
of which form right and left collecting trunks. The left trunks, two or three 
in number, ascend in the anterior intiTventricular furrow, receiving, in their 
course, afferents from both vcmtricles. On reaching th(^ auriculo-ventricjular 
fuiTOW they are joined by a large trunk from the back of the heart, and then 
unite to form a single vessel w hich ascends betw^een the pulmonary artery 
and the left auricle and ends in one of the tracheo-bronchial glands. The 
right trunk receives its affercnts from the right auricle and from the right 
border and posterior sur face of the right ventricle. It ascends in the posterior 
auriculo- ventricular groove and then runs for-ward in the auriculo- ventricular 
groove, and passes up behind the pulmonary artery, to piid in one of the 
tracheo- broiu'h ial glands . 

The lymphatic vessels of the Imigs originate in tw'o plexuses, a superficial 
and a doej). The superficial plexus is placed bciKiath the visceral pleura. 
The deep accoitipfinies the branches of the pulmonary vessels and the rami- 
fications of the bronchi. In the case of the larger bronclii the deep plexus 
consists of two netw'orks, one, submucous, beneath the mucous membrane, 
and another, peribronchial, outside the walls of the bronchi. In the smaller 
bronchi tlujre is but a single plexus, which extends as far as the bronchioles, 
but fails to reach the alveoli, in the walls of which there arc no traces of 
lymjhatk; vessels. The superfitjial efferents turn round the borders of the 
lungs and the margins of their fissures, and converge to end in some glands 
situated at the hilus ; the deep efferents are conducted to the hilus ajpng 
the pulmonary vessels and bronchi, and end in the trachco-bronchial glands. 
Little or no anastomosis occurs betw’^een the superficial and deep lymphatics 
of the lungs, except in the region of the hilus. 
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The lymphatic vessels of the pleura consist of two sets — one in the viscieral 
and another in the parietal part of the membrane. Those of the visceral pleura 
drain into the superficial efferents of the lung, while the lymphatics of 
the parietal pleura have three modes of ending, viz. : (a) those of the costal 
portion join the lymphatics of the Internal intercostal muscles and so reach 
the internal mammary glands ; (b) those of the diaphragmatic part are drained 
by the efferents of the Diaphragm ; while (c) those of the mediastinal j)ortion 
tc^rminate in the posterior mediastinal glands. 

Tile lymphatic vessels of the thymus gland terminate in the sujierior 
mediastinal, tracheo-bronchial, and internal mammary glands. 

The lymphatic vessels of the, oesophagus form a plexus round tliat tube, 
and the collecting vessels from the plexus drain into the ])ostcrior mediastinal 
glands. 
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rPHE Nervous System is tlie most complicated and tlie most highly organised 
I of tlie various systems which make up the human body. It may be divided 
into two parts, central and peripheral. 

The central nervous system consists of (a) an upper expanded portion, 
the brain, contained within the cranium, and (6) a lower, elongated, nearly 
cylindrical portion, the spinal cord, lodged in the vertebral canal ; the two 
portions are continuous with one another at the level of the upper border 
of the atlas. 


The peripheral nervous system consists of a sei ies of nerves by which 
the central nervous system is connected with tluj various tissues of the body. 
For descriptive purposes these nerves may be arranged in two groups, cerebro- 
spinal and sympathetic, tlie arrangement, however, being an arbitrary one, since 


the two groups ai’c intimately connected and cjlosely intermingled. The cerebro- 
spinal nerves forty- tlircse iu number on either side — twelve crama/, attached 

to, tW J 3 raia»..and . thn:]ty-one spinal, to the s p m pl cord. They are as,%|6jn^ted 
w^^the fun^hma nijLha spegial and .gen^caLsenseji aiid,^ 

.tim .mnKmuents of the viacera«^» determine the calibre ol ,the blood- 
pr)T}t,rnl th^ phenomena of secretion. In relation with them art^ two 


situated one. on either side of the middle, line in front 
cd,..thp ^ycrtnltu:al'Oft^ ; these ganglia are intiniately connected with the 
spinal cord and nerves, and are also joined to eacB^ other by vertical strands of 
nerve-fibres so as to f^pnstitutp. a pair of knotted cords, th e g ar^ated cords of 
f.h^ siym.jiaih^±ir. which reach from the base of the skull to the coccyx. The 
syjpapathetig. nerves issuing from the ganglia fprm^thr,en^.gZXiat.4tt^ 

whicJuLupply, tU^l thpr^ic, abdominal*, and pelvic yiscera ; in r^ion 
to the w alls of these viscera intricate nerve plexuses and numerous peripheral 


ganglia are found. 

The. nervous system is built up of-ncrvous and^um^nervotts-^iflmH's — the 
former consisting of nerve-c^ells and nerve-fibres ; the latter, of neuroglia and 


blood-vessels, together with certain enveloping membranes. 

The minute structure of the nervous elements, and of the neuroglia, has been 
described in the chapter on Histology (pp. 42 to 55) ; and, an outline of the 
development of the nervous system furnished in that on Embryology (pp. 115 
to 128). It may be stated Iktc, how’cver, that, in its earliest condition, the 
nervous system consists of colls only, and that the nerve-fibres arise as 


outgrowths from the cells. 


Tlie embryonic nerve-cells, or neuroblasts, as they are termed, are at first 
spherical, but soon become pear-shaped, and the att«muated end of each cell 
grows out to form a slender process, the axon, while from the body of the cell 
other j)rocesses, termed dendrites, arise. The axon may run for a shorter 
or longer dista.nc(' as the axis cylinder of a nerve-fibre, or may break up at once 
into numerous dt‘li(^ate filaments, as in the Golgi cell, type II. Dendrites 
and axons are alike conductors of nervous impulses : the former,, how’ever, 
convey them to, the latter from, the nerve-cells ; in other words, the dendrites 
form the paths of re(;eption, the axons those of transmission. 

The nerve-cell and its j)rocesses collectively constitute what is termed a 
neuron, and Waldeyer fonnulated tlie theory that the nervous system is 
built up of numerous neurons, ' anatomically and genetically independent of 
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one another.’ According to this theory (neuron theory) the processes pf one 
neuron only come into contact, and are never in direct continuity, with those 
of other neurons ; while impulses are transmitted from one nerve-cell to 
another through these points of contact. This theory is based on the following 
facts, viz. : (1) embryonic nerve-cells or neuroblasts are entirely distinct 
from one another; (2) wli<m nervous tissues are stained by the Golgi method 
no continuity is seen vwn between neiglibouring neurons ; and (3) when 
degenerative changes ocean- in nervous tissue, eitlier as the result of disease 
or expt‘riment, they never spread from oiic: neuron to another, but are limited 
to the individual neurons, or grouj)s of neurons, })riraaTily affected. It 
must, however, be added that within the past few years the validity of the 
neuron theory has been called in qu<'‘stion by certain eminent histologists, 
who maintain that by the (miployment of more delicate histological methods, 
minute fibrils can be followed from one nerve-cell into another. 

The SriNAL Cord 

The spinal cord (medulla spinalis) forms the elongated, nearly cylindrical, 
part of the central nervous system whieii occupies the upper two-thirds of 
the vertebral canal. Its av'erago length in the male is about eighteen iru^hes 
(45 cm.), in the female about 

seventeen inches (42-43 cm.), while Fit;. 671. — Showing the relation of the spinal 

its weight amounts to a little cord to the dorsal surface of the trunk, 

ovei* an ounce. It extends from The vcrtclmr, &c., arc outlined in rod. 

the level of the upper border of 
the atlas to that of tlu’s lower 
border of the first, or upf)er border 
of tli(^ s(»e.ond, lumbar vertebra 
(fig. 671). Above, it is directly 
continuous with the hind-brain; 
below, it ends in a conical cxtnv 
mity, the conud medullaris, from 
'-the apex of which a delicate 
filament, the tiluni termhmle, is 
continued downwards «as far as 
the first segment of the cocevx 
(tig. 672). 

The position of the spinal cord 
varies with the movements of the 
vertebral column, its lower extre- 
mity being drawn slightly upw^ards 
when the column is fl(*x('d. It also 
varies at different periods of life : 
up to the third month of fa-tal 
life the cord is as long as the canal 
in which it lies, but from this stage 
onwards the verted >ral column elon- 
gates more rapidfy than the cord, 
so that by tlie end of the fifth 
month the cord terminates at the 
base of the sacrum, and at birth 
about the level of the third lumbar 
vertebra. 

The spinal cord does not nearly 
fill the canal in which it lies, 
being ensheathed by three protec- 
tiye .jnnmhranes, separated from 
each other by' .two concentric 
spaces. The three membranes are 
named from without inw^ards the dura mater, the araclmoid membrane, and 
the pia mj^it er. The dura mater is a strong, fibrous membrane which forrns a 
wide, tubular sheath around the cord ; this sheath extends below' the termina- 
tion of the cord and ends in a pointed cul de sac at the level of the lower 
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border of the second sacral vertebra. The dura mater is separated from the 
wall of the vertebral canal by a quantity of loose areolar tissue and a plexus 
of veins, while between it and the subjacent arachnoid membrane is a 
capillary interval, the subdural space^ which contains a small quantity of 
fluid, probably of the nature of lymph. The arachnoid membrane is a thin, 
transparent sheath, separated from the pia mater by a comparatively w'ide 
interval, the subarachnoid space, which is filled with cerebro-spinal fluid. The 
pia mater closely invests the cord and sends delicate se})ta into its substance ; a 


Fig. 072, — Sagittal sect j(»n of spinal 
canal to show the lower end of 
the spinal cord and the fihini 
terminale . (Testut. ) 


h^G. 67.‘1. — Cauda oquina and tilum terminale 
seen from behind. The dura mater has been 
opened and spread out, and the arachnoid 
membrane has been removed. 



Li. Lv. First aud liftJi kmibiir vt-rtebrn?. 
SIX. hecoiid haci'ai vertebra. 1. J )iiru mater. 
If. Jjower part of tube of dura mater. 
:j. Iiower extrounty of 8i)HiaI i-ord. 
4, iiitra-dural, and 5, J<'i\tra-dura1 por* 
tioiiH of lilum terminale. (1. Attaubment 
of liluru terminale to first segment of eoccyx. 


narrow band, the ligamentum 
denticulatum, extends along 
each of its lateral surfficcs, 
and is attached by a series of 
pointed processes to the inner 
surface of the dura mater. 



Thiity-one pairs of spinal 

nerves spring from the latei al aspects of the spinal cord, each nervo having 
an interior or ventral, and a posterior or dorsal root, the latter being 
distinguished by the presence of an oval swelling, the spinal ganglion, wdiich 
contains nunuirous nerve-cells. Each root consists of several bundles of 


nerve-fibres, and as these bundles pass inwards to reach the lateral aspect 
of the cord they diverge from each other so that the attachment of the 
nerve-root extends for some distance along the side of the cord. The pairs 
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of spinal nerves are grouped as follows : cervical 8. thoracic 12, lunxbs^ 5, 
gs^.raJ 5^ coccygcal 1, and, for convenience "of description, the cord is divided 
into cervical, thoracic, lumbar and sacral regions, corresponding with these 
different groups of nerves. 


Although no trace of trans- 
verse segmentation is visible 
on the surface of the spinal 
cord it is convenient to regard it 
as being built up of a series of 
superimposed spinal se^nimLs or 
neuromeres^ each of which has 
a length c(juivalent to the 
extent of attachment of a pair 
of spinal nerves. Since fin; 
distanc/C between the successive 
pairs of nerves varies in diilcu- 
ent parts of the cord, it follows 
that the spinal segnnmts are of 
varyijig lengths ; thus, in tlie 
cervical region they average 
about thirteen millimetres, in 
the mid-thorac.ic region about 
twenty-six millimetres, while 
in the lumbar and sacral regions 
they diminish rapidly from about 
fifteen millimetres at tJie level 
of the first pair of lumbar nerves 
to about lour millimetres oppo- 
site the attachments of the lower 
sacral nerves. 

As a consequence of the 
unequal ‘ rate of growth of 
the spinal cord and vertebral 
column, the mnwe- roots, which 
at first passed transversely 
outwards to reach their respee- 
tive intervertebral foramina, 
b<'(;ome more and more oblique 
in direction from above down- 
\vai*ds, so that the lower part 
of the tubular sheath of dura 
mater is occupied by the lumbar 
and saefal nerves, Avhich de- 
scend almost vertically to n^ach 
their points of exit. From tlie 
appearance these nervevs pre- 
sent at their att^^chmcnl to the, 
cord and from their groat length 
they are collectively termed tlic 
ca'ij ((jl^a^qu i7ui (fig. 673). 

The ierminale is a 

delicate filament, about eight 
inches in length, prolonged 
dovTiw^ards ffom the a))ex of 
the conus medullaris. It con- 
sists of two parts, an upper and 
a lqwei‘. The upper part, or 
toa iaiflfe -TJiterTwtii, mea- 
sures about six inches in length 
and reaches as far as the lower 
border of the second sacral ver- 
tebra. It is contamed witliin 



the tubular sheath of dura Ventral aspect Dorsal aspect 
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mater, and is surrounded by the nerves forming the cauda equina, from which 
it can be readily recognised by its bluish- white colour. The lower part, or 
filum termiimlc externum, is closely invested by, and is adherent to,, the dura 
mater ; it extends downwards from the apex of the sheath and is attached 
to the back of the first segment of the coccyx. Tlie filum tcrminale consists 
mainly of fibrous tissue, continuous above witii that of tJie y)ia mater. Adhering 
to its outer surface, however, are a few strands of nerve-fibres which probably 
represent rudimentary second and third coccygeal nerves ; further, the central 
canal of the spinal cord extends do\\Tiwards into it for two or three inches. 

Hnlarg'ements. — The sjiinal cord is not quite cylindricral, being slightly 
flattened from bc'fore backAxards ; nor is it of unifoi’m circumference 
througliout, but presents two swellings or enlargements, an upi^er or cervical, 
and a lower or lumbar (fig. 674). 

The cervical enlargement (inturnescentia cervi(jalis) is the more pronounced of 
the two, and corresponds with the attaciiments of the large n(*rves which supply 
the upper limbs. It extends from about the third cervical to the second 
thoracic vertebra, its maximum circumference (about thirty-eiglit millimetres) 
being on a level Avith tlic origin of the sixth pair of cervical nerves. 

The lumbar enlargement (intumeseentia lurnbalis) gives attachment to the 
nerves Avhich supply the loAver limbs. It commences about the level of the 
ninth thoracic vertebra, find reaches its maximum circumference, of about 
thirty-three millimetres, oi)posite the last thoracic vertebra, bcloAv which it 
tapers rapidly into the (;onus rncdullaris. 

Fissures and sulci (fig. 675). — A pair of median fissures, anterior and 
posterior, dip into the substance of the cord, and incompletely divide it 
into tAvo symmetrical parts, AvJiieh an^ joined across the middle line by a 
commissurfd band of nervous matter. 

The anterior median fissure (fissura rnediana anterior) is Avidin* and shallower 
than the posterior : it has an average de])th of thr(‘(» millim(4res, but this is 
increased in tlu^ loAvcr pari- of the cord. It contains a doubhi fold of pia mater, 
and its floor is formed by a transverse band of Avhite substances the white 
conunissme (cornmissura anterior all)a), Avhicli is })erforat(‘d by blood- vess(4s 
on their way to or from tlie central part of the cord. 

The posterior median pssurt (sulcus m(‘dianus posterior) is not an actual 
fissure lik(‘ the anterior ; it docs not contain a fold of pia mater, but merely 
a si'ptum of neuroglia Avhich is intimately united AAitli llu^ neuroglia in the 
adjacent })arts of the cord, and for this reason it Avould be more correct to name 
it the posterior median septum. It reaches rather more than lialfAvay into th(^ 
substan(;e of the cord, and its d<pth varies from four to six millimetres, but 
diminishes in the loAAd* part of the cord. 

On either side of the posterior im^dian fissure, and at a short distance from 
it, the posterior nerve-roots are attached to the cord along a v(*rtical furroAV 
named the sulcus lateralis posterior. The portion of Uic coid Aihich lies b etw ee p 
this sulcus and the posterior median fissure is Jiamed th(^ posterior column 
(funiculus posterior). In the cervical and upper thoracic regions this column 
presents a longitudinal furroAv, the sulcus intermedius posterior : this marks 
the position of a septum which extends into the postenor column and 
subdivides it into tAA'o fasciculi - an inner, named g f-gcilis ^ traj^ 

q^Moll ; and an outer, evneatus or tract of Burdach (see'fig. 681). 

The portion of the cord Avhich lies in front of the postcTO-lateral sulcus is termed 
the anterodaieral column. The anterior nerve-roots, unlike the posterior, 
are not attached in linear series, and their position of exit is not marked by a 
sulcus. They arise by separate bundles w'hich spring from the anterior horn 
of grey matter and, passing forward through the w^hite matter, emerge over 
an area of some slight Avidth. The outermost of these bundles is generally 
taken as a dividing line which separates the antero-lateral column into two 
parts, viz. an anterior column (funiculus anterior), betAvecn the anterior median 
fissure and the outermost of the anterior nerve-roots ; and a lateral column 
(fjipi(}ulus lateralis), betAveen the exit of these roots and the postero-lateral 
sulcus. In tlie upper part of the cervical region of the cord a series of 
nerve-roots passes outAvards through the lateral (jolumn ; thesa xuiiteJLQ form 
the spinal portion of the spinal accessory nerv«,,.which juns upwar^ and enters 
the cranial cavity through the foramen magnum. 
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Internal Structure of the Spinal Cord 

On examining a transverse section of the^ord (fig- 675) it is seen to consist 
o f grey a nd white nervous matter, the former being enclosed within the latter. 

Grey matter. — grey _ I^ 9 tt t^r (substantia grisoa) consists of ,t.\yp 
syTOmetrical portions, one in each half of the cord : these are joined across 
tlie xniddie line by a tra nsverse ba nd, termed the grey c^imi ssy/re (eom- 
mi^sura grisea), tlirou^IT^i luetT runs a minute canal of 

the cord, just visible to the ncaked eye. Each half of the grey substance is 
shaped in the form of a comma or crescent, the concavity of which is directed 
outw ards ; and these, together w ith tJie intervening grey commissure, i3resent 
on transverse section the appearance of the letter JbL An imaginary line drawn 
transversely through the ctmtral canal' serves to divide each crescent into 
an anterior or ventral, and a poste rior or dorsal cornu. 

Tljc anterior cornu ^nflTilinnnP is directed forw aids, and is broad 

and of a rounded or quadrangular shape. Its posterior part is termed the 
has(\ and its anterior ])art the head, but these are not differentiated from each 
oth(^r by any w^ell-defined constriction. Jt is separated from the surface of 


Kjg. 675. — Transverse section of the spinrl cord in the mid-thoracic region, 
Pad I eri or medi n n 



the cord by a layer of w hite matter whicli is traversed by the bundles of the 
anterior nerve-rdOts. In ^;he ^^lorac ic remon^ the post ero- external part of the 
antfiiior projeoi&^^twasds as ^atiiangular field, w^lxich is named the 

lateral cornu (aolumn a lateralis ). 

The posterior ccffnii Y columna poste rior) is Jpng -and slender, and is 
directed backwards £md. au^^ds : it rp.a.ches almost as far as the postero- 
U^raX Sifieufl, from which it ia separated by oifiy a thin layer pLwmte sub- 
Bt ^ce^ the tr act of Lissauer, J t consist s of a base, which is directly continuous 
wTtTT tne corresponding part of the anterior horn ; sUii&ck (cervix columnae post.) 
or slightly constricted portion, which is succeeded by an oval or fusiform area, 
termed t he head (caput columnae post.), p f wji ich , ,th o svimmit (apex columnar 
post . ) app^ aches the post ern-latfir^.) »iilnns . The h^adis ca pped by a V-ah aped 
or crescentic mas8 .,Q£„traii3iicent. gelatinous neuroglia, termed 
qelati^ac^f Rola vdo. which GOUtainii XLOt only neuroglia-cells, but numerous 
Between the anterior and posterior cornua the grey matter 
extends as a series of processes for somei distance into the lateral column, to 
form a network called the formatio reticularis. 
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Fio. 676. — Transverse sections 
of the spinal cord at different 
levels. 


Cl. 




C.2. 



C5. 


The Mattel well as the form which it asBumes on 

transverse section, varies markedly at different levels. It is smfd^ not ojdy 

m.amaunt but relatively tg tjig. surroundmg 
white substance, in the thoracic region' Its 
amount is greatly increased Jn the "cervical 
and lumbar enlargements : in the latter, and 
especially in the conus medullaris, its propor- 
tion to the white matter is greatest (fig. 676). 
In the cervical region its posterior cornu 
remains comparatively narrow, wliile its an- 
terior is broad and. expanded ; in the thoracic 
region, both cornua are attenuated, and the 
lateral horn is evident ; in the lumbar enlarge- 
ment, both cornua are expanded ; while in the 
conus medullaris th(^ grey matter assumes the 
form of two oval masses, one in each half of 
the cord, connected together by a broad gn^y 
commissure. 

Tlie central canal rumirL..thc..grej^.ilom- 
missure throughout the entire length of the 
cord. The part of the grey coiiimissure in 
front of the (?anal is named the ankrior grey^ 
commussura ; that behind it, thsi^iposterior^gr^ 
commissure. The former is thin, and is in 
(iontact anteriorly with the white commissure : 
it contains a couple of longitudinal veins, one 
on either side of the middle line^. The posterior 
grey commissure reaches from the central canal 
t-o the posterior median septum, and is thinnest 
in the thora(;ic region, and thickest in tlu? 
conus medullaris. The (jontral eauaL4s con- 
tinued. upwards through the, lower part of the 
medulla oblongata, and opens., into Ihe fourth 
ventricle of the . brain ; below, it reaches for 
a short distance into the filum toyminale. In 
the lower part of the conus medullaris it 
exhibits a fusiform dilatation, the ventriculus 
termiualis ; * tliis has a vertical measurement 
of from eight to ten millimetres, is triangular 
on cross section with its base directed forwards, 
and tends to undergo obliteration after the age 
of forty. 

Througliout the cervical and thoracic regions 
the central „ canal is situated in the anterior 
third of the cord : in the lumbar enlargement 
it is near the middle, and in the clonus mcsdul- 
laris it approaclies the posteijor surface. It is 
filled witkJSiXebrp-spinal fluid, and is Un^ hy 
ciliated, culumnor -epiUiclium, outside which is 
an encircling band of gelatinous substance, thig., 
substantia gdatinosa centralis. This gelatinous 
substaiKje consists mainly of neuroglia, but 
contains a few nerve cells and fibres ; it is 
traversed by processes from the deep ends of 
the (columnar ciliated cells which line the central 
canal (fig. 677). 

Structure of the grey master.— The grey 
matter Qoiisist&. of 

numcro^UgfXeifil^ Through- 

out the greater part of the grey matter the 
neurogUa presents the appearance of a sponge- 
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like network, but around the central canal and on the heads of the posterior 
cornua it consists of the gelatinous substance already referred to (fig. 677). 
Iho^ttej^ve-cells in the grey matter are multipolar, and vary greatly in size and 
shape (fig. 678). They consist of : (1) motor cells of large size, which are 
situated in the_anterior horn, and are especially numerous in the cervical 
and lumbar enlargements ; the axons of nearly all these cells pass out to 
form the anterior riej:vp-roots. but before heaving the white substance they 
frequently give off collaterals^ which re-enter and ramify in the grey 
matter.* (2) Cells of small or medium size, whose axons do not emerge 
from the cord but pass into the white matter ; here some assume an 


Fio. 677. — 8ec?tion of central canal of 
spinal cord, showing ependymal and 
neuroglial coIIh. (v. Lentiossek.) 



Fio. 678. — Cells of spinal cord. 
(Poirier.) 


— ColUtUn'til 


"•‘Ascetttlhig 


ascending, and others a descend- 
ing course, but most of thorn 
divide in a T-shaped manner into 
descending and ascending pro- 
cesses. They give off collaterals 
which enter and ramify in the 
grey matter, and the termina- 
tions of the axons behavi^ in a 
similar manner. The lengths of 
these axons vary greatly : sorru^ 
are short and pass only betw een 
adjoining segments of the cord, 
w’hile others arc longer and con- 
nect more distant segments. 

These cells and their processes 
constitute a series of association 
or intcrsegmental neurons, which 
link together the different parts of the cord. The axons of most of these cells 
are confined to that side of the cord in which the nerve-cells are situated, 
but some cross to the opposite side througli the anterior commissure, and are 
termed fihrpjt. Some of tliese latter end directly in the 

grey matter, while others enter the wbite matter, in which they ascend or 
descend for varying distances, before finally terminating in the grey matter. 
(3) CfilkLotihe type II. of Golgi, limited to the posterior horn, and found in the 
substantia gelatinosa of Rolando, whoso axons are short and entirely confined 
to the grey matter, in which they break up into numerous fine filaments. 


—Descending 


r-Arborisatum 


diagram showing in lorigitiidiiial soctioti tlio inter- 
BCd^mental nouroim of tlic sr)inal coni. 'J’Jie grey 
011(1 'i^'lul.e parts corrcspornl rmpectivcly to the 
prey ami white substance of the spinal cord. 


* Lenhossek and Oajal found that in the chick embryo the axons of a few of these nerve- 
cells passed backwards through the posterior cornu, and emerged as the viotor fibres of the 
posterioT nerve-roots. These fibres are said to control the peristaltic movements of the intestine. 
Their presence, in man, 1ms not yet been determined, 
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Most of the nerve-cells are arranged in longitudinal columns, which appear as 
groups on transverse section (figs. 679, 680). 

in t he nntc^oc^horn. — ^The nerve-cells in the anterior horn 
are arranged in columns of varying length, and appear in groups in successive 
transverse sections of the cord. The longest of these cell-columns occupies 
the mesial part of the anterior horn, and is named the anfero-mma ^ ; it is 
absent only in the fifth lumbar, the first sacral and the uppeiTpSHxirtne second 
sacrtd. segments (Bruce).* Behind it is a ^orsQrW'^sial column of small cells, 
which extends from the second thoracic to the first Ijumbar segment, and is 
also present in the first, sixth, and seventh cervical segments. 

In the cervical and. lumbar e]i]a];gem^ts, where the anterior horn is 
expanded in a lateral direction, the Mlowing additional columns are present 
viz. : (a) antero-lateraly in th<‘. fourth, fifth, and sixth cervical and the second 

Fig. 679. — ^Modo of distribution of the nerve-oells in the grey matter. (Schematic.) 

(Testut.) 



1,2. Mcsiar and lateral groups of ntTvc-rolIs in anterior horn. 3. Nerve-cells in lateralhorn. 4, 4. Column 
of ClHrkc." r». Group of norve-colls in substantia gclatinosa of Jlolando. 0. Nerve-cell of anterior horn, 
the ajfon of which is passing into tlio posterior nerve-root. 7. Cells of substantia gclatinosa centralis. 

8, Solitary cells. 9. Colls of Golgi. 10. Oils of origin of tlic tract of Gowers. Jl. .\nlx»rior root. 

12. Posterior root. 13. Spinal ganglion 

thoracic segments, and in the lower four lumbar and upper tw(T sacral segments ; 
(h) 2 )ostero-lateral, in tlie lower five cervical, lower four lumbar, and upper three 
sacral segments ; (c) posi-postero4ateral, in the last cervical, first thoracic, 
and upper three sacral segments ; and (d) in the lower four lumbar 

and upper two sacral segments. Solitary cells are scattered throughout the 
base of the anterior horn, the axons of some of which form crossed commissural 
fibres, while others constitute the motor fibres of the posterior nerve-root. 
(See footnote, page 801). 

Nerve-cells in ttie lateral horn. — These form a column which is^best 
where the lateral Korn of grey matter is differentiated, viz. m t^e 
^Bl)racic region ; but it can be traced throughout the entire length of the cord,t 
in the form of groups of small cells which are situated in the anterior part of the 

* Topographical Allan of the Spinal Cord. 1001. 

f According to Bruce and Pirio {li.yf.J. Nov. 17, 1006) thi^ column extemlh from the 
middle of the eighth cervical segment to the lower ['art of the second lumbar or the upper part 
of the third lumbar segment. 
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formatio reticularis. The cells of this column are fusiform or star-shaped, and 
of a medium size : the axons of some of them pass into the anterior nerve-roots, 
by which they are carried 

to the sympathetic nerves ; pio. 680. — Transverse seotions of the spinal cord at 
while those of others pass different levels to show the arrangement of the 
into the anterior and lateral principal ccIl-columns. 


columns, where they become 
Jongitudinal. 

Nerve - cells in the 
posterior horn. — 1. The 
column of Clarke {jpostd^rior 
vesicular column). — This 
occupies the inner part of 
the hase of the posterior 
hgrn, and appears on trans- 
verse section as a well- 
defined oval area. It com- 
mences below at the level of 
the second or third lumbar 
nerve, and reaches its 
maximum size opposite 
the twelfth thoracic nerve. 



Above the level of the ninth 
thoracic nerve its size 
dinnnishes, and the column 
terminates opposite the last 
cervical or fii’st thoracic 
nerve. It is represented, 
however, in the other regions 
of the cord by scattered 
cells, which become aggre- 
gated to form a cervical 
nucleus opposite the tliird 
(jcrvioal nerve, and a sacral 
nucleus in the middle and 



lower part of the sacral 
region. Its cell s are of 
medium size, and of an £yal 
or pyijfflrin^sh^ ; Uieir 
axons pass into the peri- 
pheral part of the lateral 
column of the same side, 
and there ascend, under 
the name of the direct or 
ascending cerebellar tract. 
2. Nerve-cells in the sub- 
stantia gelatinosa of Eolando. 
— These are accanged,, in 
three^jsones : a posterior or 
marginal zone, composed of 
large triangular or fusiform 
pells ; an intermediate zone 
of small fusiform cells ; and 
an anterior zone of star- 
shaped cells. The axons 
of these cells pass into 
the lateral and posterior 
columns, and there assume 
a vertical course. In the 
anterior zone some Golgi 
dells are found whose short 



axons ramify in the grey matter. 3. Solitary cells of varying form and size are 
scattered throughout the posterior horn. Some of these are grouped to form 
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the posterior basal column in the base of the posterior horn and on tlie outer side 
of Clarke’s column. The posterior basal column is well marked in the gorilla 
(Waldeyer), but is ill-defined in man. The axons of those cells pass partly 
to the posterior and lateral columns of the same side, and partly through 
the anterior commissun^ to the lateral column of the opposite side. Before 
leaving the grey matter, a considerable number run longitudinally for a 
varying distance in the head of tlie posterior horn, forming w’hat is termed 
the longitudinal fasciculus of the posterior horn. 

A few star-s]iai)ed or fusiform nerve-cells of varying sisse are found in the 
substantia gelatinosa centralis. Their axons pass into the lateral column of 
the same, or of the opposite side. 

The ncrvt5-fibres in the gny matter form a dense interlacement of minute 
fibrils among the nerve-cells. This interlacement is formed partly of axons 
which pass from the cells in the grey matter to enter the white columns or 
nerve-roots ; partly of the axons of Golgi’s cells which ramify only in the grey 
substance ; and partly of collaterals from the nerve-fibres in the white columns, 
which, as already stated, enter the grey matter and ramify within it. 

White niaj tt^e r. — The white mat ter of the spinal cord consists of medullated 
nerve-^ Bres Imbedded in a sponge-like network of neuroglia, and is arranged 
in. three .columns : anterior, lateral, and posterior. The anterior column Ties 
betAveen the anterior median fissure and the outermost of the ant'eridr nerve- 
roots ; the lateral column between tlie outermost of the anterior nerve-roots 
and the postcro-lateral sulcus; and the posterior column between the 
postero-lateral sulcus and the posterior median fissure (fig. 681). The fibres 
vary greatly in thickness, the smallest being found in the fasciculus gracilis, the 
tract of Lissauer, and inner part of the lateral column ; while the largest are 
situated in the anterior column, and in the peripheral i^art of tlie lateral 
column. Some of the nerve-fibres assume a more or less transverse direction, 
as for example those which cross from side to side in the anterior commissure, 
but the majority pursue a longitudinal course and a re div isible into (1) those 
which connect the cord with the brain and convey irnpulses^to or from the 
latter, and (2) those w'hich are confined to the spinal cord and link together 
its different segments (i.e. interscgmental or association fibres). 

Nerve-tracts. — The longitudinal fibres are grouped into more or less 
definite bundles or fasciculi. These are not recognisable from each other in 
the normal state of the cord, and their existence has been determiru^d by the 
following methods : (1) A. Waller discovered that if a bundle of nerve-fibres 
be cut, the portions of the fi])rcs which are separated from their cells rapidly 
degenerate and become atro))hi(‘d, while the cells and the parts of the fibres 
connected with them undergo little alteration.* This is known as Wallerian 
dejgemraiion. Similarly, if a group of nerve-cells be destroytid, the fibres 
arising from them undergo degeneration. Thus, if the cells of the cerebral 
cortex which give origin to the motor impulses be destroyed, or if the fibres 
arising from these (iclls be severed, a d>escending degeneration from the seat 
of injury takes place in tlie fibres. In the same manner, if a spinal ganglion 
be destroyed, or the fibres which pass from it into the spinal cord be cut, 
an ascending degeneration will cxt<jnd along these fibres into the spinal cord. 
(2) By tracing the developiru^nt ol the nervous system, it h^ been observed 
that at first the nerve-fibres are merely naked axis-cylinders, and that they 
do not all acquire their medullary sheaths at the same time ; hence the fibres 
can be grouped into different bundles according to the dates at which they 
receive their meduUary sheaths. (3) Various methods of staining nervous 
tissue are of great value in tracing the course and mode of termination of the 
axis-cylinder processes. 

Tracts anterior cojumn.— The principal tract in this column is 

the SiriecrpyrammSirpEascicffu^ anterior), which is usually small, 

but varies inversely in size with the crossed pyramidal tract. lies close 

* Somewhat later a change, termed ehromaUdysu^ takes place in the nerve-cells, and 
consists of a breaking down and an ultimate disappearance of the Nissl lK)dies. Further, the 
body of the cell is swollen, the nucleus displaced towards the periphery, and the part of the 
axon still attached to the altered cell is diminished in size and somewhat atrophied. Under 
favourable conditions the cell is capable of reassuming its normal appearance, and its axon 
may grow again. 
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to the anterior median fissure, and is present only in the upper part of the 
cnrd ; gradually diminishing in size as it descends, it terminates about the 
middle of the thoracic region. It consists of descending fibres which arise 
from cells in the motor area of the cerebral hemisphere of the same side, and 
wHicIi, as they run dowrnvards in the cord, cross in succession through the 
white commissure to the opposite side, where they end by arborising around the 
motor* cells in the anterior cornu. 

In addition to the direct pyramidal tract tlicre are strands of fibres in the 
anterior column, wliicli connect (lertain ganglia in the brain uith the grey 
matter of tli(i spinal cord. The most important of these is the msiib%do-spinal 
tract, wliicOi occupies chiefly the marginal part of the column and is mainly 
derived from the cells of Deiter’s nucleus, i.c. the chief terminal nucleus of the 
vestibular division of the eighth cranial nerve. Of the other descending 
fibres some pass downwards from the corpora quadrigemina and others are 
continuous with the posterior longitudinal bundle. 

The remaining fibres of the anterior column (jonstitute what is termed the 
anterior basis bundle (fasciculus anterior proprius). It consists of ,(a) longi- 
tudinal intersegmental fibres which arise from cells in the grey matter, more 
es])ecially from thost^ of the mt'sial group of the anterior horn, and, after 
a long(T or shorlcM* (jourse, re-enter the grey matter ; (b) .fibres from the grey 
matter of the opposite side, which cross in the anterior commissure ; (c) fibres 
arising from cc^lls of the cer(d)ellum and extending down the cord to terminate 
round the cells of the antcuior horn — these fibres constitute an irregular tract 
disposed in the peripheral portions of the anterior and lateral basis bundles 
{descending cerebellospinal trad of Lowenihal) ; and (r/) fibres of the anterior 
nerve-roots, w'hic.h run obliqui^ly forwards to reach the surface of the cord. 

Tracts in the lateral rnlnmn — 1 Xhe crossed 

pyramided tract (fasciculus corticospinalis dorsalis) extends throughout the 
entire length of the cord, and on transverse section appears as an oval area in 
fron^of the posterior horn and on the mesial side of the direct cerebellar tract. 
It consists of fibres which ai ise from cells in the motor area of the cerebral 
hemisphere of the opposite side. They pass downwards in company with 
those of the direct jiyramidal tract through the same side of the brain as that 
from whicli they originat< 5 , but, unlike those of the direct pyramidal tract, 
they cross to the’ opposite side in the medulla oblongata and descend in the 
lat(iral column of the cord ; they end by arborising around the motor cells 
in the anterior horn.* 

Tlie^rpssedjnAdjdkcgJi:4iyrajnidal fasciculi of 

ilie spinal- curd and liaxn. their nrigina nf the cerebral cortex. 

They descend through the internal capsule of the eeiebrum, traverse the 
crus cerebri and pons Varolii and enter the anttu ior })yramid of the medulla 
■oblongata. In the lower part of the medulla some two-thirds of them cross 
the middle line and run dowTiwards in the lateral column as the crossed pyra- 
midal tract, w^iile the remaining fibres do not cross the middle line, but are 
continued into the same side of the c*.ord, where they form the direct pyra- 
midal tract. The fibres of the latter tract, however, have been seen to cross 
the middle line Jn the anterior commissure, of the cord and thus the motor 
fibres from one side of the brain ultimately reac^h the opposite side of the cord. 
The proportion of fibres which cross in the medulla oblongata is not a constant 
one and thus the direct and crossed pyramidal tracts vary inversely in size. 
Sometimes the direct pyramidal tract is absent, and in such cases it may 
be i^resumed that the decussation of the pyramidal fibres in the medulla 
oblongata has been complete. The fibres of these two tracts do not acquire 
their medullary sheaths until after birth. In some animals the pyramidal 
fibres are situated in the posterior column of the cord. 

(b) The rubrospinal tract (tract of Monakow ) lies on the ventral aspect of 
the crossed p3n'amidal tract and on transverse section appears as a somewhat 

♦ It Ih probable (Schafer, J^ror. Phydolog. JSoc. that the fibres of Ihc direct and 

crossed pyramidal tracts are not related in this direct manner with the cells of the anterior horn. 
They terminate by arborising round the cells at the base of the posterior horn and the cells of 
Clarke’s column, which in turn link them to the motor cells in the anterior horn, usually 
of several segments of the cord. In consequence of these interposed neurons the fibres of the 
pyramidal tracts correspond not to individual muscles, but to associated groups of muscles. 
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triangular area. Its fibres descend from the mid-brain, where they have their 
4:>rigin in the red nucleus of the tegmentum of the opposite side, 

(c) The tecto-apinal tract originates in tlie upper quadrigeminal body of 
the opposite side, and its fibres are partly intermingled with those of the 
rubro-spinal tract, and are partly contained in the anterior column. 

[d) The oUvo-spiml tract or tract of Helweg arises in the vicinity of the 
inferior olivary body in the medulla oblongata and is seen only in the cervical 
region of the cord, where it forms a small triangular area at the periphery of 
tlie cord close to the outt^rniost of the anterior nerve-roots. Its exact origin 
and its mode of ending have not yet been definit(dy made out. 

2. Ascending* tracts. — (a) TJic direct cerebellar tract of Flecltsig (tractus 
spinocerebellaris dorsalis) is situated at the periphery of the posterior part of 
the lateral column of the cjord, and on transverse section appears as a flattened 
band which extends as far forwards as a line drawn transversely through the 
central canal. Internally it is in contact with tlie crossed pyramidal tract, 


Fig. 681 . — ^Diagram of the principal tracts in the spinal cord. 


Anteriur 
Tii^rve roots 


Anterior median fissure 
Direct pyramidal tract 

Anterior basis bundle 

JMueff't tract 


doirer's tract 



Posterior 
nerve roots 


Jin’cct cerebellar 
tract 

Crossed 
pyramidal tract 


Lissaiier's tract 


Fasciculus cu neat us 
Comma tract 
Fasciculus gracilis 
Corsiu-commissvral tract 
Posterior median fissure 


behind, with the tract of Lissauqr. It commences below al^out the level of 
the second or third lumbar nerve and, increasing in size as it ascends, passes 
to the cerebellum through the inferior peduncle. Its fibres are generally 
regarded as being formed by the axons of the cells of Clarke’s column ; they 
receive their medullary sheaths about the sixth or seventh month of foetal life. 

(6) The tract of Gowers (fasciculus anterolateralis superficialis) skirts the 
periphery of the lateral column in front of the direct cerebellar tract. In 
transverse section it is shajied somewhat like a comma, the expanded end of 
which lies in front of the crossed pyramidal tract while the tail reaches forwards 
into the anterior column. Its fibres come from the opposite side of the cord 
and cross in the anterior commissure ; they are derived from the cells of 
^ Claske's column and from the cells of the posterior horn. The tract of Gowers 
oommencos about the level of the third pair of lumbar nerves, and, increasing 
in size as it ascends, can be followed upwards, into the medulla oblongata 
and p(m8. It consists of three fasciculi : (1) the fasciculus spinocerebellaris 
, ^eniraUs, the largest of the three, which passes to the cerebellum by way of its 
^j^perior peduncles ; (2) the spino-thalamic tract, which ends in the thalamus, 
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and is sometimes termed the secondary sensory tract ; and (3) the spinxy-tectal 
tract, which passes to the corpora quadrigemina. 

(c) The tract of Lissauer is a small strand situated in relation to the tip of 
the posterior horn close to the entrance of the posterior nerve-roots. It con- 
sists of fine fibres which do not receive their mc^dullary sheaths until towards 
the close of foetal life. It is usually regarded as being formed by some of the 
fibres of the posterior nerve-root, whicli ascend for a sliort distance in the 
tract and then enter the posterior horn, but since its 

fibres are myelinated later than those of the posterior ( 582 . — Descending 

nerve-roots, and do not undergo degeneration in 
locomotor ataxia, they are probably intersegmental 
in cliaractcr. 

(d) The lateral basis hvndle constitutes the re- 
mainder of the lateral column, and the portion of it 
which lies next the grey matter is sometimes named 
the lateral limiting zone. It is continuous in front 
with the anterior basis bundle, and the two together 
constitute the antero-lateral ground hundU, It con- 
sists chiefly of intersegnicnt^al fibres which arise from 
cells in the grey matter, and , after a longer or shorb^r 
course, re-enter tlie grey matter and ramify in it. 

Some of its fibres are, however, continued upwards 
into the brain under the name of tlu' dorsal or 
posterior longitudinal fasciciulus. 

Tracts in the posterior column.— This column 
comprise? two main tracts, viz. the fasciculus gracilis, 
and the fasciculus cuneatus. These are sej)arated 
from each other in the cervicjal and uppe^r thoracic, 
regions by the postero-intermediate septum, and 
consist mainly of ascending fibres derived from the 
jiosterior n(‘r ve-roots. 

The fasciculus gracilis (trad of Goll) is wedge- 
shaped on transverse section, and lies next tliti pos- 
terior median fissure, its base being at the surface of 
the cord, and its aj)ex directed towards thc^ posterior 
gre3’^ commissure. It increases in size from below 
upw^ards, and consists of long thin fibres derived 
fi-om the posterior nerve-roots, wdiich ascend as far 
as the medulla oblongata, where they end in the 
nucleus gracilis. 

The fasciculus cuneatus (tract of Burdaeh) is 
triangular on transverse section, and lies between the 
fasciculus gracilis and the posterior cornu, its base 
corresponding witli tin? surface of the cord. Its 
fibres, larger than tJiose of the fasciculus gracilis, are 
mostly derived from the same source, viz. the 
posterior nerve-rpots. Some asjccnd for only, a short 
distance in the tract, and, entering the giey matter, 

come into close relationship with the cells of Clarke’s lower thoracic region.’ d. in 

column ; while others can be traced as far as the * 

medulla oblongata, where they end in the gracile and nerve - root«>. ». Posterior 

. 1 . median Ilesiire. 4 . Triangul&x 

cuneate nuclei. strand. C.Oval area of Plo^sig. 

Occupying the ventral part of the posterior 6 . coreai peripheral bmd. 7. n©- 

, Bcending comma tract. 

column 18 a strand of fibres termed the cornu- 
commissural tract. It is somewhat triangular on 

transverse section, and occupies the angle between the posterior ^ey commissure 
and the posterior cornu. It is best marked in the lumbar region, but can be 
traced into the thoracic and cervical regions. Its fibres, derived from the cells 
of the posterior horn, divide into ascending and descending branches which 
re-enter and ramify in the grjcy matter. It has been found to preserve its 
integrity in certain cases of locomotor ataxia. 

Descendi'ng fibres in the posterior column (fig. 682). — The posterior column 
contains some descending fibres which occupy different parts of the column at 


fibres in the posterior 
column, shown at dif- 
ferent levels. (Testut.) 
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different levels. In tlie cervical and upper thoracic regions, they appear as a 
comma-shaped strand (descending comma tract of Schultze) in the outer part of the 
fasciculus cuneatus, the blunt end of the comma being directed towards the 
posterior grey commissure ; in the lower thoracic region they form a thin 
band (dorsal peripheral hand) on tlie posterior surface of the column ; in tlie 
lumbar region, they are situated by the side of the posterior median fissure, 
and here appear on section as a semi-elliptical bundle, which, together with 
the corresponding bundle of the opposite side, forms the oval area of Flcchsig ; 
while in the conus meduUaris they assume the form of a triangular strand in 
tlie postero-internal part of the fasciculus gracilis. Tliese descending fibres 
are mainly intcrsegmental in character, and derived from cells in the j)ostcrior 
horn, but some may consist of the descending branches of the posterior nerve- 
roots. The descending comma tract was su])posed to belong to the second 
category, but against tliis view is tlu^ fact that it does not undergo descending 
degeneration when the posterior nerve-roots are destroyed. 

Roots of the spinal nerves. — As already stated, each spinal nerve possesses : 
two roots, an anterior and a posterior, which are att ached to the surface of the 

cord opposite tlie corresponding liom , 

Fig. 683.-A spinal nerve w-ithiu anterior matter (fig 683) ; tho-ir fibres' 

and posterior roots. (Tostut.) become medullated about the fifth 

month of foetal life. 



1. A portion o£ tlio sjiiiiul cord vjctM‘ii from tbi? left 
side, ‘J. Anterior inciliiui linsure. 3. Anterior honi. 
4. I’ostcrior horn. fi. Lateral horn. C. I’oriuatio 
reticuliirLs. 7. Anterior root. S. Costcrior root, 
with 8', its qranpliou. 9. ►siiinal nerve ; O', its 
posterior division. 


TJic anterior nerve-roots consist of 
efferent fibres, which are the axons 
of the nerve-cells in the ventral part of 
the anterior horn. A short distance 
from thtiir origins, these axons are 
invested by medullary sheatlis and, 
passing forw ards and slightly outwards, 
emerge on the surface of the cord in 
two or tliree irregular row^s over an 
area wdiich measures about three 
millimetres in width. 

The posterior root of each spinal 
nerve comprises some six or ciglit 
fasciculi wdiich are attached in linear 
series along the postero-latcral sulcus. 
It consists of afferent fibres wliich 
arise from the nerve-cells in the spinal 
ganglia. Each ganglion-cell, at first 
round or oval, is elongated into two 
processes, an internal (axon) and an 
external (dendrite), and so becomes 
a bipolar nerve-cell. These two pro- 
cesses gradually undergo apiiroxima- 


tion, and finally arise from a single 
stem in a T-shaped manner. The internal processes of the ganglion-cells 
grow' into the cord as the jjosterior roots of the spinal nerves, wdiile the 
external arc directed tow^ards the periphery. 

The posterior nerve-root enters the cord in tw'o chief bundles, mesial and 
lateral. Tlie mesial strand passes directly into the fasciculus cuneatus : it con- 


sists of coarse fibres, whifsh acquire their medullary sheaths by the fifth month 
of intra-uterine life. The lateral strand is sometimes dividend into an inter- 


mediate and an external bundle. Tlie intermediate bundle consists of coarse 


fibres, which enter the gelatinous substance of Rolando ; while the external 
is composed of fine fibres, w'hieh assume a longitudinal direction in the tract 
of Lissauer; tin*, latter do not acquire their medullary sheaths until after birth. 

Haying enten^d the cord, all the fibres of the posterior nerve-roots divide into 
ascending and descending branches, and these in their turn give off collaterals 
which enter the grey in atter (fig. 684) . The descending fibres are short, and soon 
enter the grey matter. The ascending fibres arc grouped into long, sliort, and 
intermediate : the long fibres ascend in the fasciculus gracilis and fasciculus 
cuneatus as far as the medulla, wliere they end by arborising around the cells 
of the gracile and cuneato nuclei ; the short fibres run upwards for a distance 
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of only five or six millimetres, and enter the grey matter ; while the inter- 
mediate fibres, after a somewhat longer course, have a similar destination. 
All the fibres which enter the grey matter end by arborising around its 
nerve-cells, those of intermediate length being especially associated with the 
cells of Clarke’s column. 

The course taken by the fibres of the posterior nerve-roots has been arrived 
at by dividing the nerve-roots between their ganglia and their entrance into 


Fig. 684. — Dorsal roots entering cord and dividing into 
ascending and descending branches. (Van Oehiichten.) 


Fig. 6^5. — Formation of the 
fasciculus gracilis. (Poirier.) 



n. Stviii-liljn*. b, h. Ascrmlinfj urul licscondm^ limbs o£ biCurcution. 
c. Uoilutcrul arising from stem-librc. 


the spinal cord, and by subsequently examining 
tlie degenerated areas. It has been detei mined 
that the fibres pursue an oblique course upwards, 
being situated at first in the outer part of the 
fasciculus cuneatus : higher up, they occupy the 
middle of this fasciculus, having been displaced 
inwards by the accession of other entering fibres ; 
while still higher, they pass into, and are continued 
upwards in, the fasciculus gracilis. The upper 
cervical fibres do not rea(di this fasciculus, but are 
entirely confined to the fasciculus cuneatus. The 
degeneration method proves that the localisation 
of these fibres is very precise : the sacral nerves 
lie in the inner part of the fasciculus gracilis and 
near its })eriphery ; the lumbar nerves to their 
outer side ; the thoracic ncr\ es still more laterally ; 
while the cervical nerves are confined to the fasciculus cuneatus (fig. 685). 

The development of the spinal cord is described in the section on 
Embryology (i)age 115) 



Spinal ('ord v in wed from behind. 'I’o tlie 
left, tlLC faseiouluR gracilis is shaded. 
To the right, the drawing shows that 
Ihft fasciculus gracilis is formed by the 
long libres of the iiostcrior roots, and 
that in iliis tract the sacral nerves lie 
next tlio mesial p'ane, the lumbar to 
f heir outer side, and tile tiioracic still 
mure laterally. 


Applied Anatomy , — Several cases liave been )*ecordcd * in which a local doubling 
of the spinal cord has taken place. The condition is probably due to some interfererico 
with the development of the medullary tube in the embryo ; in a few it was associated 

* For a complete analyds of these cases consult paijer by Bruce, Stuart McDonald, and 
Pirie, Iteviriv of Neurology and Psychiatry 1906. 
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with spina bifida, while in one recent case * the two parts were separated by a dermoid 
tumour. Other congenital abnormalities of the spinal cOrd occur in connection with 
spina bifida (see page 201). and also in syringtvmyelia. In this latter chronic condition 
an abnormal proliferation of the spinal neuroglia takes place, generally near the central 
canal and in the cervical enlargement, and later this mass becomes absorbed, leaving 
an irregular cavity in its place. This gives rise to a number of interesting signs and 
symptoms, such as analgesia (or insensitiveness to pain), inability to distinguish between 
cold and heat, progressive atrophy in the muscles of the hands and arras, trophic changes 
in the bones and joints, and painless whitlows. Severe injuries to the cord may occur in 
fractures or fracture-dislocations of the vertebral column anywhere above the second lumbar 
vertebra. If the cord is completely crushed or torn across, total paralysis and anaesthesia 
of all parts of the body drawing their nerve supply from below the injured spot will follow, 
with loss of control over the actions of the bladder and rectum. The higher up such a lesion 
occurs, the worse the prognosis. Thus, when the cord is crushed by fracture of the atlas 
or axis, the vital centres in the medulla will be injured, and death occurs at once. If the 
origin of the phrenic nerve — mainly the fourth cervic^al — just escape in a case where the 
neck is broken, respiration will have to be carried on by the Diaphragm alone, and death 
is likely to ensue before long from pulmonary complications, ^^en the back is broken 
in the lower thoracic region, life is not immediately threatened ; but unless the patient is 
carefully nursed, death may follow at any time from the development of bed-sores in the 
anaesthetic area, or from septic infection spreading up the ureters into the kidneys and 
secondary to the cystitis that is so prone to occur in patients who have no control over the 
bladder. Inflammation of the spinal cord, or spinal myelitis, sometimes follows influenza 
or one of the acute sjwciflo fevers. A transverse patch of such myelitis extending com- 
pletely across the cord produces more or less complete interruption of the passage of nervous 
impulses through it. Hence it will occasion more or lees complete paralysis and anaisthesia 
of the parts of the body obtaining their nerve-supply from below it, and, in addition, a zone 
of cutaneous hypera^sthesia at its level, in consequence of the irritation of the sensory fibres 
entering the inflamed region of the cord. The disease mainly attacking children, and known 
as infantile spinal paralysis, or acute anterior poliomyelitis, is a bacterial infection of the i)ia 
mater that spreads into the cord along the blood- vessoLs, and destroys gioups of the motor 
neurons aggregated in the anterior cornua. Destruction of the colls causes rapid and 
permanent paralysis of the muscles innervated, and groups of muscles in one or more of the 
limbs are commonly picked out for attack. The affected limbs are thus partially paralysed, 
and their subsequent growth and nutrition both suffer. Further, the muscles that normally 
antagonise the affected groups of muscles, finding their actions unopposed, tend to assume 
a state of spastic contraction. In consequence, much dwarfing and deformity follow later, 
and may demand for tlieir relief such operations as tenotomy, the transplantation of 
tendons, or even amputation. 


THE BRAIN 

General Considerations and Divisions 

The brain, or encephalon, is contained within the cranium, and constitutes 

th(^ up[)er, greatly expandc^d 
68G. — Scheme showing the connections of the fL,, rcmtral nc^rvous 

several partB of the brain. (After Schwalbe.) In its early em- 

bryonic condition it consists 
of three hollow vesicles, 
termed the fore-hrain, the 
mid-hrain, and the hind- 
brain ; aifd the parts derived 
from each of these can be 
recognised in the adult 
(fig. 686). Thus, in the 
process of development 
the wall of the hind-brain 
(rhombencephalon) under- 
goes modification to form 
the medulla oblongata, the 
pons Varolii, and cere- 
bellum, while its cavity is 
expanded to form the fourth 
ventricle. The mid-brain 
(mesencephalon) forms but 
a small part of the adult 



C rus cerebri 

Sujjerior ccrehcUar peduncle 

Middle cerebellar peduncle 
Inferior cerebellar pcdmiclc 

Medulla oblongata 


Harriehausen, J). ZUebrft.f. Nervenheilk., Bd. 36, Hft. 3 and 4, S. 268. 
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brain : its cavity becomes the aqueduct of Sylvius, which serves as a tubular 
communication between the thinl and fourth ventricles ; while its walls are 
thickened to form the corpora quadrigemina and crura cerebri, which constitute 
the bond of union of the fore-brain with the hind-brain. The fore-brain under- 
goes great modification : its anterior part (telencephalon) expands laterally 
in tljo form of two hollow vesicles the cavities of which become the lateral 
ventricles, while the surrounding walls form the cerebral hemispheres and their 
commissures ; the cavity of the posterior part of the fore-brain (dicncephalon) 
forms the greater part of the third ventricle, and from its walls are developed 
most of the structures which bound that cavity. Further details regarding 
these important changes are given in the chapter on Embryology (page 118). 

THE HIND-BRAIN 

The hind-brain or rhombencephalon occupies the posterior fossa of the 
crania] cavity and lies below a fold of dura mater, the tentorium cerebelli. 
It consists of (a) the myelcnce/phalon, which comprises the medulla oblongata 
and the lowc^r part of the fourth ventricle ; (6, th(' metencephalon, which includes 
the pons, cerebellum, and upper x)art of tliefourtJi ventricle ; and (c) tlie isthmus 
rhomhencephalij a constrict(‘d portion imrnediai ely adjoining the mesencephalon, 
which comprises the superior peduncles of the cerebellum and the valve of 
VieusscTis. 

Tite Medulla Oblonoata 

The medulla oblongata, or bulb, forms the lowest and smallest division 
of the brain ; its structure, howevc^r, is extrenudy complex, since it gives 
attachment to many of the cranial nerves, and forms the connecting link 
between the spinal cord below and the cerebrum and (jerebellum above. 

It extends from th(' loAver margin of the pons Varolii to a jdanc passing 
transversely below the decussation of the ])yramids and above tlie first pair 
of cervical nerves ; this plane coiresponds with the upper bordei* of the atlas 
behind, and the middle of the odontoid process of the axis in front, and at 
this level the', iiuidulla obhmgata is 
continuous with the spinal (jord. Its 
anterior surface is sepai’ated from th(i 
basi-occiput and the ufiper part of the 
odontoid process of the axis by the 
membranes of the brain and the oc(a})ito- 
axial ligaments. Its posterior surface 
is received into the fossa between the 
hemisphert^s of the cendiellum, and the 
uj'per portion of it forms the low^er part 
of the floor of the fourth ventriclcL 
The vertebral arteries pass upwards 
and foiwards in relation to its lateral 
aspects ; they then curve forw ards on 
to its anterior surfqjce and unite at the 
lower border of the pons Varolii to 
form the basilar artery. 

The medulla oblongata (fig. 687) is 
pyramidal in shape, its broad extremity 
being directed upw^ards towards the pons 
Varolii, while its narrow, lower end is 
continuous with the spinal cord. It 
measures rather over an incli in length, 
a little less than an inch in breadth at its widest part, and about half an inch 
in thickness ; while it weighs about a quarter of an ounce. The central canal 
of the spinal cord is prolonged into its lower half, and then opens into the cavity 
of the fourth ventricle ; and the medulla may therefore be divided into a lower 
closed part containing the central canal, and an upper open part corresponding 
with the lower portion of the fourth ventricle. Its anterior and posterior 
surfaces are marked by median fissures, which are continuous with the 
corresponding fissures of the spinal cord. 
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The anterior fissure (fissura mediana anterior) contains a fold of pia 
mater, %^d extends along the entire length of the medulla : it terminates 
at the lower border of the pons Varolii in a small triangular expansion, the 
foramen coecum. Its lower part is interrupted by bundles of fibres which 
cross obliquely from one side to the other, and constitute the pyramidal 
deenssation. Some fibres, termed the anterior exterrud arcuate fibres, emerge 
from the fissure above this decussation and curve outwards and upwards over 
the lateral aspect of the medulla. 

The posterior fissure (fissura mediana posterior) is a narrow groove which 
exists only in the closed part of the medulla ; it becomes gradually shallower from 
below upwards, and finally terminates about tlie middle of the medulla, where 
the central (*anal of tljo cord expands into the cavity of the fourth ventricle. 

These two fissures divide the closed 
Fig. 688.— Decussation of pyramids, part of the medulla into symmetrical 
Scheme showing {>assage of various halves, each half presenting elongated 
tracts from cord to medulla. (Testut.) eminences which, on surface view, are 

continuous with the columns of the 
cord. In the open part of the medulla 
tlie halves an^ separated by the an- 
terior median fissure, and by a median 
raphe A^hich extends from the bottom 
of the fissure to the floor of the fourth 



a. Tons Varolii. 6. Medulla from tlie front, c. De- 
cussation of the pyramids, d. Section of cervical 
part of cord. 1. Direct pyramidal tract (in red). 
11. Crossed pyramidal tract (m red), li. Sensory tract 
(fasciculi gracilis et cuimatus) (in blue). 3'. (Jracilo 
and cuneatc nuclei. 4. Aiitero-latcral ground bundle 
(in dotted line), •t. rjnramid. G. 7. Tos- 

terior longitudinal fasciculus. 8. Gowerb' tract (in 
blue). 9. Direct cerebellar tract (in yellow). 


ventricle. Further, certain of the 
cranial nei*ves pass through the sub- 
stance of the medulla, and are attached 
to its surface in series with the roots 
of the spinal nerves ; thus, the fibres 
of tlie hypoglossal nerve represent the 
upward continuation of the anterior 
nerve-roots, and emerge in linear series 
from a furrow termed tlie pre-olivary or 
antf TO- lateral mlcus (sulcus lateralis an- 
terior). Similarly, the spinal accessory, 
vagus, and glosso-pharyngeal nerves 
correspond with the posterior nerve- 
roots, and are attached to the bottom of 
a sulcus named the postero-lateral sulcus 
(sulcus lateralis posterior). Advantage 
is taken of this arrangement to sub- 
divide each half of the medulla into 
three areas, anterior, middle, and 
posterior. Although thes(j three areas 
appear to be directly continuous with 
the corresponding columns of the cord, 
it must be pointed out that they do 
not necessarily contain the same fibres, 
since some of the nerve-tracts of the 
cord terminate in 'the medulla, while 
others alter their course in passing 
through it. 

Tluj anterior area (fig. 687) is 
named the pyramid (pyramis), and 
lies between the anterior fissure and 


• the antcro-lateral sulcus. Its upper 

extremity is slightly constricted, and betAveen it and the pons the fibres of 
the sixth nerve emerge ; a little beloAv the pons it becomes enlarged and 
prominent, and finally tapers into the anterior column of the eord, with 
which, at first sight, it appears to be directly continuous. 

The two pyramids constitute the great motor strands of tlie medulla, since 
they contain the motor fibres which pass from the brain to tlie spinal cord. 
When these pyramidal fibres are traced downwards, it is found that some 
two-thirds, or more, of them leave the anterior pyramid in successive bundles, 
and decussate in the anterior median fissure with corresponding bundles 
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derived from the opposite pyramid, forming ^^^hat is termed the motor or 
pyramidal decussation (decussatio pyramidum). Having crossed the middle 
line, they pass down in the posterior part of the lateral column as the crossed 
pyramidal tract. The remaining fibres — ^i.e. those which occupy tlie outer part 
of the pyramid — do not cross the middle line, but are carried downwards as 
the direct pyramidal tract (fig. 688) into the anterior column of the same 
side. 

The greater part of the basis bundle of the anterior column of the cord is 
continued upwards through the medulla oblongata as a strand, which is termed 
the posterior longitudinal fasciculus. 

The lateral area (fig. 689) is limited in front by the antero-lateral sulcais 
and the roots of tlie hypoglossal nerve, and behind by the postoro-lateral sulcus 
and the roots of the spinal accessory, vagus, and glosso-pharyngea) nerves. 
Its up})er part consists of a prominent oval mass which is named the olivary 
body, while its lower part is of the same width as the lateral column of tlui 


Fig. 689. — Hind- and mid-brains ; postero-lalcral view. 
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cord, and appears on the surface to be a direct continuation of it. As a 
matter of fact, only a portion of the lateral column is continued upwards 
into this area, for the crossed pyramidal tract passes into the pyramid of 
the opposite side, and the direct or ascending cerebellar tract is carried into 
the restiform body in the posterior area. The remainder of the lateral column, 
which consists chiefly of the basis bundle and the tract of Gow ers, can be traced 
into the lateral area. Most of these fibres dip beneath the olivary body and 
disappear from the surface ; but a small strand remains superficial, and passes 
up between the olivary body and the postero-lateral sulcus. At the upper 
end of this strand is a depression or fossa, in wdiich the auditory nerve is 
seen. 

The olivary body (oliva) is situated on the outer side of the pyramid, 
from which it is separated by the antero-lateral or pre-olivary sulcus, and the 
fibres of the hypoglossal nerve. Behind, it is separated from the postero- 
lateral sulcus by the small superficial strand of the lateral column already 
referred to. It measures about half an inch in length, and between its upper 
end and the pons there is a slight depression to which the roots of the seventh 
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nerve are attached. The external arcuate fibres wind across the lower part 
of the pyramid and olivary body to enter the restiform body. • 

The posterior area (fig. 690) lies behind the postero-lateral sulcus and 
the roots of the spinal accessory, vagus, and tlie glosso-pharyngeal nerves, 
and, like the lateral area, is divisible into a lower and an upper portion. 

The ?oti?er fart is limited behind by the posterior median fissure, and consists 
of the Jasciculus gracilis and the fasciculus cuncatus. The fasciculus gracilis 
is a narrow white band placed parallel to and along the side of the posterior 
median fissure, and separated from the fasciculus cuneatus by the postero- 
intermediate furrow and septum. The gracile and cuneate fasciculi are at 
first vertical in direction ; but at the lower part of the floor of the fourth 


i'lG. 690. — Upper part of spinal cord and hind- and mid- brains ; 
posterior aspect, ex[)osod in situ. 
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ventricle they diverge from the middle line in a V-shaped manner, and each 
presemts an elongated swelling. That on the fasciculus gracilis is named the 
clava, and is produced by a subjacent nucleus of grey matter, the nucleus 
gracilis ; that on the fasciculus cuneatus is termed the cuneate tubercle^ and 
is likewise caused by a grey nucleus, named the nucleus cuneatus. The fibres 
of these fasciculi terminate by arborising around the cells in their respective 
nuclei. A third elevation, termed the fasciculus of Bolando, is seen in the 
lower part of the posterior area of the medulla. It lies on the lateral aspect 
of the fasciculus cuneatus, and is not represented by a corresponding elevation 
in the cord. It is produced by the substantia gelatinosa of Rolando, which 
is separated from the surface of the medulla by a band of nerve-fibres which 
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form the lower sensory, or spinal, root of the fifth nerve. Narrow below, 
the fasciculus gradually expands above, and terminates, about half an incli 
below the pons, in a tubercle, the tubercle of Rolando, 

The upper part of the posterior area of the medulla is occupied by 
tlie reatiform body (corpus restiforme) , a thick rope-like strand which is 
situated between the lower part of the floor of the fourth ventricle and the 
l oots of the .ninth and tenth nerves. The rcstiform bodies connect the cord 
and medulla with the cerebellum, and are named tlio inferior peduncles 
of the cerebellum. As they pass upwards, they diverge from each other, and 
assist in forming the lower parts of the lateral boundaries of the fourth ventricle ; 
higher up, they are directed backwards, each passing to the corresponding 
cerebellar hemisphere. Near where they enter the cerebellum they are crossed 
by several strands of fibres, which extend inwards over the floor of the fourth 
ventricle, and are named the striae acusticce. At first sight the restiform body 
appears to be formed by the upward continuation of the fasciculus gracilis 
and fasciculus cunoatus ; this, however, is not so, as it is probable that 
all the fibres of these fasciculi end in the gracile and cuncatc nuclei. The 
constitution of the restiform body will be subsequently discussed. 

Internal structure of the medulla oblong^ata. — Although the external 
form of the medulla oblongata bears a certaiii resemblance to that of the upper 


Ft(}. 601 ' — Sec;tion of the medulla through 
the lower part of the decussation of the 
pyramids. (Testut.) 



1. AiittTior median liasnre. 2. F’ostorior median 
liKsiiri*. .1, Aiiturior liorn (in red), with 3', anterior 
root. 4. J’ostenor horn (in blue), wiUi 4', posterior 
roots, ."i. Crossed pyrnmidal tnict. G. I’ostcnor 
('olumu. The red .'irrow, a, o', iiidicHtrs tiie <'ourso 
flip crossed pyramidal tract takes at Un* level of tho 
'' 'cussution if the pyramids ; the blue arrow, 6', 

* idicateB ihfc course winch the sensory libres take. 


Fia. 602.— Section of the medulla at the 
level of the decussation of the pyramids. 
(Testut.) 



1 Anterior median fissure. 2. rusterior median 
fissure. 3. Alotorroote. 4. Sensory roots. G. Kaac 
of the anterior horn, from which tlie head (o') has 
been detached by the crossed pyramidal tract. 
0. Decussation of the crossed pyramidal tracts. 
7. Posterior lioriis (in blue). 8. (jraciln nucleus. 


part of the cord, its internal structure differs widely from that of the latter, 
and this for the following principal reasons : (1) certain tracts of fibres which 
extend from the cord to the brain, and vice versa, undergo a rearrangement 
in their passage through the medulla ; (2) others wliich exist in the cord 
terminate in the medulla ; (3) new strands originate in the grey matter of the 
medulla and pass to different parts of the brain ; (4) the grey matter, which 
in the cord forms a continuous H -shaped column, becomes greatly modified 
and subdivided in the medulla, in which also new masses of grey matter are 
added ; (6) on account of the opening-out of the central canal of the cord, 
certain parts of tho grey matter, which in the cord were more or less centrally 
situated, are displayed in the floor of the fourth ventricle ; (6) lastly, the 
medulla is intimately associated with many of the cranial nerves, some arising 
from, and others terminating in, nuclei within its substance. 

The internal structure of the medulla is best studied by examining series 
of transverse and of longitudinal sections (figs. 695, 696). A short description 
of the course taken by the principal tracts, and of the arrangement of the 
grey matter, will* now be given. 

The pyramidal tracts. — ^The division of the pyramids of the medulla into 
direct and crossed pyramidal tracts, and the course of these tracts in the cord, 
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have already been described. In passing to reach the lateral column of the 
opposite side, the fibres of the crossed pyramidal tracts extend backwards through 
the anterior cornua, and the head of eacli of these horns is separated from its 
base (figs. 691 , 692) . The base retains its position in relation to the ventral aspect 
of the central canal, and, when the latter opens into the fourth ventricle, 
appears in the floor of that cavity close to the middle line, where it forms the 
nuclei ot the tw elfth and sixth nerves ; while above the level of tlie ventricle 
it exists as the nuclei of ilie third and fourtJi nerves in relation to the floor of 
the aqueduct of Sylvius. The head of the cornu is pushed outwards and forms 
an elongated column, the nucleus ambujuuSy which gives origin from below 
upwards to the bulbar part of the spinal acjcessory and the motor fibres of the 
vagus and glosso-pharyiigeal, and still higher to the motor fibres of the seventh 
and fifth nerves. 


Fig. 693. — Superior terminations of the Fig. 694. — Transverse section passing through 

posterior tracts of the spinal cord. the sensory decussation. (Schematic.) 
(Testut.) (Testut.) 



b 1 10 



I. AiitiTior iripdiiin Jissiiro. 2. PoRterior meJiHn fissure, 
r/. JlfULl uTul base ol untorior born (ill r(*<l). 4.- 
Klossal ntTVP. r,. (Sracilc nucleus. 7. Cuncatu luiolnus. 
S. S. or sensory tract. 0. Sensory deeussution. 

10. I'yramiflal tract. 

The fasciculus gracilis and 
fasciculus cuneatus constitute the 
posterior sensory fasciculi of the spinal 
cord ; they are prolonged ujiwaids into 
the lower part of the medulla oblon- 
gata, where they terminate respec- 
tively in the nucleus gracilis and nucleus 


cuneatus. These two nuclei arc con- 

. Posterior median fibburt*. 2. I'awiculufe grufilifi. 4 -U^ 

li. PascicnluR cuiiciitiis. 4. Graoile nucleus. B. Cii- tlHUOUS, in IFOnt, Wltil tlie Central glCy 

^orininK matter of the cord, and may be regarded 

the fillet. 7. Sensory decussation. H. Cerebellar _ , • • 

iibres uncros.sed (in black). 0. Cerebellar fibres aS CJorSal prOJCCtlOnS Ol tlllS, each DCing 
crossed (in black). covcrcd supcrficially by the fibres of 

the corresponding fasciculus. On trans- 
\’erse section (fig. 694), the nucleus gracilis appears as a single, more or less 
quadrangular mass, while the nucleus cuneatus consists of two parts : a 
larger, somewhat triangular, internal nucleus, composed of small or medium 
sized cells, and a smaller external nucleus containing large cells. 


The fibres of the fasciculus gracilis and fasciculus cuneatus end by arborising 
around the cells of these nuclei, which therefore may be regarded as the nuclei 
of Uirminution of the posterior sensory fasciculi (Gg. 693). From the cells of 
the nuclei new libres take origin, some of which are continued as the posterior 
external arcuate fibres into the restiform body, and through it to the cere- 
bellum, but most of which pass forwards through the neck of the posterior 
horn, thus cutting off the head from the base of the hom. Curving forwards 
and inwards, they decussate in the middle line with the corresponding 
fibres of the opposite side, and run upwards immediately behind the pyramidal 
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fibres, as a flattened band, named the Jillet or lemniscus. The decussation of 
these sensory fibres is situated above that of the motor fibres, and is named 
the sensory decussation or the decussation of the fillet (decussatio lemniscorum). 
The fillet is joined by the spino- thalamic tract or secondary sensory fasciculus 


Fig. 695. — Section of tho medulla oblonj^ata at about the middle of 
the olivary body. (Schwalbe.) 
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Fig. 696. — Transverse seel ion of medulla oblongata at the 
middle of the olivary body. 
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(p. 806), the fibres of which are derived from the cells of the grey matter 
of the opposite side of the spinal cord. 

The base of the posterior horn at first lies on the dorsal aspect of the 
central canal, but when the latter opens into the fourth ventricle, it appears 
in the lateral part of the floor of that cavity. It forms the nuclei of termination 
of the sensory fibres of the vagus and glosso-pharyngeal, and is associated with 
the vestibular part of the auditory neiwe and the sensory root of the seventh 
nerve (pars intermedia of Wrisberg). Still higher, it forms a mass of pigmented 
cells — the locus cocruleus — in which some of the sensory fibres of the fifth nerve 


Fia. 697. — The cranial nerve nuclei schematically 
represented ; dorsal view. Motor nuclei in 
red ; sensory in blue. (The olfactory and optic 
centres are not represented.) 



appear to terminate. The 
head of the posterior horn 
forms a long continuous 
column, in which the fibres of 
the spinal or lower sensory 
root of the fifth nerve largely 
terminate. 

The direct or ascending 
cerebellar tract leaves the 
lateral area of the medulla ; 
most of its fibres are carried 
backwards into the restiform 
body of the same side, and 
through it arc conveyed to 
the cerebellum ; but some 
run upwards with the fibres 
of the fillet, and, reaching 
the inferior quadrigeminal 
bodies, undergo decussation, 
and are carried to the cere- 
bellum through its superior 
peduncle. 

The basis bundles of the 
anterior and lateral columns 
largely consist of inter- 
segmental fibres, which link 
together the different seg- 
ments of the cord ; they 
assist in forming the formatio 
reticularis of the medulla, 
and many of them are accu- 
mulated into a strand which 
runs up close to the median 
raphe between the fillet and 
the floor of the fourth ven- 
tricle. This strand is named 
tlie dorsal or posterior longitU’ 
diiial fasciculus, and will be 
again referred to. 

Grey matter of the me- 
dulla oblong^ata (figs. 695, 
696). — In addition to the 
gracile and cuneate nuclei, 
there are several others which 


require consideration. Some 
of these arc traceable from the grey matter of the spinal cord, while others 
are unrepresented in tin* cord. 

1. The hypoglossal nucleus is derived from the base of the anterior horn ; 
hi the lower closed part of the medulla it is situated on the vefitro-lateral 
aspect of the central canal ; b\it in the upper part it approaches the floor 
of the fourth ventricle, where it lies close to the middle line, under an eminence 
named the trigonum hypoglossi (fig. 710). The nucleus measures about three- 
quarters of an inch in length, and consists of large multipolar nerve-cells, 
tile axons of which constitute the roots of the hypoglossal nerve. These 
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nerve-roots, pass forward between the anterior and lateral areas of the medulla, 
and emerge from the preolivary sulcus. 

2. The imior nucleus (figs. 697, 698) common to the glosso-pharyngeal, vagus, 

and bulbar portion of the spinal accessory is named the nucleus ambiguus. 

It represents the head of the anterior horn, lies deeply in the formatio 
reticularis grisea, and extends throughout nearly the whole length of the 
medulla. 

3. sensory nucleus (figs. 697, 699), or nucleus of termination of the sensory 
fibres of the glosso-pharyngeal and vagus, represents the base of the posterior 
horn. It measures nearly three-quarters of an inch in length, and in the lower, 
closed part of the medulla is situated behind the hypoglossal nucleus ; whereas 
in the upper, open part it lies to the outer side of that nucleus, and corresponds 
to an eminence, named the trigonum vagi, in the floor of the fourth ventricle. 

Fra. 698. — Nuclei of origin of cranial motor nerves schematically represented ; 

lateral view. 



4. I’hc nuclei of the auditory nerve arc described on page 825. 

5. The olivary nuclei (fig. 695) aro three in number on either side of the middle 
line, viz. the inferior olivary nucleus, and the mesial and dorsal accessory 
olivary nuclei ; they consist of small, round, yellowish cells and numerous 
fine nt^rve-fibres. («) The inferior olivary nucleus (nucleus olivaris inferior) 
is the largest of these, and is situated witliin the olivary body. It consists of 
a grey folded lamina arranged in the form of an incomplete capsule, which 
opens internally by an aperture called the hilus, emerging from which arc 
numerous fibres which collectively constitute the peduncle of the olive, (h) The 
mesial accessory olivary nucleus (nucleus olivaris accessorius medialis) lies 
between the inferior olivary nucleus and the anterior pyramid, and forms a 
curved lamina, the concavity of which is directed outwards. The fibres of 
the hypoglossal nerve, as they traverse the medulla, pass between the mesial 
accessory and the inferior olivary nuclei, (c) The dorsal accessory olivary 
nucleus (nucleus olivaris accessorius dorsalis) is the smallest of the three, and 

3g2 
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appears on transverse section as a curved lamina on the dorsal aspect of the 
inferior olivary nucleus. 

The inferior olivary nucleus is connected — (1) with that of the opposite 
side by fibres whicli cross through the raphe ; (2) with the anterior horn of 
the same side of the spinal cord by a strand of fibres termed the spino-olivary 
tract ; (3) with the thalamus of the cerebrum by the cerehro-oUvary tract 
which passes through the pons Varolii and tegmentum ; (4) with the opposite 
cerebellar hemisphere by the ccrebello-oUvary tract, the fibres of which pass 
across the raplie and turn backwards to enter the deep part of the restiform 
body. Removal of one cerebellar hemisphere is followed by atrophy of the 
opposite olivary nucleus. 

6. The nttcleus arcuatus will be described with the anterior external arcuate 
fibres (page 821). 


Fio. 699. — Primary terminal nuclei of the afferent (sensory) cranial nerves 
schematically represented ; lateral view. "Phe olfactory and optic centres are 
not rej)reBented. 



Restiform bodies. — The position of the restiform bodies, or inferior 
peduncles of the cerebellum, has already been described (page 815). Each 
restiform body comprises : (1) the direct or ascending cerebellar tract from 
the lateral column of the cord ; (2) descending cerebellar fibres, many of which 
are disseminated throughout the peripheral part of the anterior and lateral 
columns of the cord, while others are conducted to the motor nuclei of the 
cranial nerves ; and (3) the arcuate fibres (fibrae arcuatae) which are arranged 
in three sets, viz. the internal arcuate fibres, and the anterior and posterior 
external arcuate fibres. 

The internal arcuate fibres form the deeper and larger part of the restiform 
body. They decussate in the middle line of the medulla, and having reached 
the opposite side, terminate partly in the gracile and cunpate nuclei, while 
many of them enter the liilus of the inferior olivary nucleus, and constitute 
the corebello-olivary tract already described (fig. 700). 
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The anterior external arcnate fibres vary as to their prominence in different 
cases : in some they form an almost continuous layer covering the pyramid 
and olivary body, while in others they are barely yisible on the surface. They 
arise from the cells of the gracile and cuneate nuclei, and passing forwards 
through the formatio reticularis, decussate in the middle line. Most of them 
reach the surface by way of the anterior median fissure, and arch outwards 
and backwards over the pyramid. Reinforced by others which emerge between 
the pyramid and olivary body, they pass backwards over the olivary body 
and lateral area of the medulla, and enter the outer part of the restiform body. 
Tiiey thus connect the cerebellum with the gracile and cuneate nuclei of the 
opposite side. As the fibres arch across the pyramid, they enclose a small 
nucleus which lies in front and to the inner side of the pyramid. This is named 
th(‘ imclvus arcuaius^'And is directly continuous above with the nuclei pontis in 
the pons Varolii : it contains small fusiform cells, around which some of the 
arcuate fibres terminate, and from which others arise. 

The posterwr external arcuate fibres also take origin in the gracile and 
eum*ate nuclei ; they do not undergo decussation, but pass to the restiform 
body of the same side. 

Fig. 700. — Diagram showing the course of the arcuate ri})res. (Testut.) 



1. iMcilnll.'i anterior hurfiicc. 2. Ajiteri or median Conrtli A'rntrii-le. A. Olu.ox bodx xxitli toe accf^ssjiry 

<iliv.ir\ iiuelei. Si. tJrnc'ilx' mieleus. fi. Cimoato Jiiirleiis. 7. yYigemiRal. inferior c erebellnr T'f'diHieles. seen 
from m front, il. I *oht erior fAteinal areuute fibres. JC. Anterior external areuate fibres. 11. Intermil iircnatc 
libres. J2. I’edunele of olnury body. l.'J. Kiuieiis ureualus. U. riieuino^'a.strk*. 10. irypoplossiil. 

Formatio reticularis (fig. 701). This term is applied to the coarse reticulum 
which occupies the anterior and lateral areas of the medulla, and is seen when 
transverse secjtions are examined. It is situated behind the pyramid and 
olivary body, extending laterally as far as the restiform bodies, and dorsally to 
within a short distance of the floor of the fourth ventricle. The reticulum is 
caused by the intersection of bundles of fibres running at right angles to each 
other, some being longitudinal, others more or less transverse in direction. The 
formatio reticularis presents a different appearance in the anterior area from 
what it does in the lateral area ; in the former, there is an almost entire absence 
of nerve-cells, and hence this part is knowui as the reticularis alba ; whereas 
nerve-cells are numerous in the lateral area., and as a consequence it presents 
a grey appearance, and is termed the reticularis grisea. 

In the substance of the formatio retie ula-Vis are two small nuclei of grey 
matter : one is situated near the dorsal aspect of the hilus of tlie inferior 
olivary nucleus, fcd is named tlie inferior central nucleus, or nucleus of Roller ; 
the other lies betw’een the olivary body and the spinal root of tlie fifth nerve, 
and is termed the nucleus lateralis. 
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In the reticularis alba the longitudinal fibres form two well-defined strands, 
viz. : (1) the fillet^ wliich lies close to the raphe, immediately behind the fibres of 
the pyramid ; and (2) the 'pQsitrior hyigitvdiTial fasciculus, wliich is continued 
upwards from the antero-lateral ground bundle of the spinal cord, and, in the 
upper part of the medulla, lies between the fillet and the grey matter in the floor 
of the fourth ventricle. The longitudinal fibres in the reticularis grisea are 


Fig. 701. — ^The formalio reticularis of the medulla, shown by a horizontal section 
passing through the middle of the olivary body. (Testut.) 


m. 



1. AnfjTior median ll»suro. li. JAiurfcU ventricle. 3. Formatio roiii'ijlarib, with its internul j»art (^rotu'iilaris 
silba), and ite external part (reticularis fjrlseaj. 4. llaplie. 5. Tyraniid. G. Fillet. 7. Inferior olivary 
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solitiiriiis. IG. Anterior external arcuate fibres, with IG', the nucleus arcuatu.s, 17. Nucleus lateralis. 18. Nucleus 
of fa.sciealus teres. 1 9. Ldgula. 


derived from the lateral column of tlie cord after the crossed pyramidal tract 
has passed over to the opposite side, and the direct cerebellar tract has entered 
therestiform body. They form indeterminate fibres, with the exception of a 
bundle named the fasciculus solitarius, wdiich is made up of descending fibres of 
the vagus and glosso-pharyngeal nerves. The transverse fibres of the formatio 
reticularis are the arcuate fibres already described (pages 820, 821). 

Applied AnaJlomy . — ^In bulbar paralysiSj which is really a 8ix)cial form of a progressive 
degeneration affecting the whole efferent or motor tract, the disease begins with impairment 
of the movements of the lips, tongue, pharynx, and larynx, due to degeneration of the motor 
cells in the nuclei of the medulla. 8x)eech and swallowing become difficult, and the saliva 
dribbles from the oi^on mouth. Other groui)s of muscles soon become involved, and death 
often occurs from ‘ aspiration pneumonia,’ sot up by food that has accidentally passed down 
the trachea. 


The Pons 

The pons (pons Varolii) or fore part of the hind-brain is situated in front of 
the cerebellum. .From its superior surface the crura cerebri emerge, one on 
either side of the middle line. Curving round each crus, close to the upper 
surface of the pons, a thin white band, the tcenia pontis, is frequently seen ; it 
passes into the cerebellum between the middle and superior peduncles. Behind 
and below, the pons is continuous with the medulla oblongtita, from which it 
is separated on its ventral surface by a furrow in M^hich the sixth, seventh, 
and eighth cranial nerves appear. 
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Its ventral or anteri(yr surface is very prominent, markedly convex from side 
to side, less so from above downwards. It consists of transverse fibres arched 
like a bridge across the middle line, and gathered pn either side into a compact 
mass which forms the middle peduncle of the cerebellum. It rests upon 
the posterior surface of the basi-sphenoid, and is limited above and below by 
well-defined borders. It presents, in the middle line, a furrow {sulcus basilarts) 
for the lodgment of the basilar artery ; this furrow is bounded on either side 
by an eminence — the pyramidal eminence — caused by the parage of the 
pyramidal fibres downwards through the substance of the pons. Outwde these 
eminences, near the upper border of the pons, the fifth nerves make their exit, 
each consisting of a smaller, internal, motor root, and a larger, external, sensory 
root ; a vertical line, drawn on either side immediately outside the fifth 
may be taken as the boundary between the ventral surface of the pons and the 
middle peduncle of the cerebellum. 


Fig. 702. — ^Vertical transverse section of the pons, at its upper part. (Testut.) 
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Its dorsal or posterior surface ^ triangular in shape, is hidden by the cerebellum, 
and is bounded laterally by the superior cerebellar peduncles. It forms the 
upper part of the floor of the fourth ventricle, with wiiich it will be described. 

Structure (fig. 702). — Transverse sections of the pons show that it is 
composed of two parts which differ from each other in appearance and 
structure : thus, the ventral portion consists for the most x)art of fibres 
arranged in transverse and longitudinal bundles, together with a small amount 
of grey matter ; while the dorsal portiou is a continuation of the reticular 
formation of the medulla oblongata, and is called the tegmental portion, as 
most of its constituents are continued into the tegmentum of the crus cerebri. 

The ventral part of the pons (pars basilaris pontis) consists of — (a) super- 
ficial and deep transverse fibres, (6) longitudinal fibres, and (c) some small 
nuclei of grey matter, termed the nuclei pontis. 

The superficial transverse fibres (fibrse pontis superficiaJes) constitute a rather 
thick layer on the ventral surface of the pons, and are collected into a large 
rounded bundle on either side of the middle line. This bundle, with the addition 
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of some transverse fibres from the deeper part of the pons^ forms the midiffle 
peduncle of the corresponding half of the cerebellum. 

The deep transverse fibres (fibrae pontis prof undae) partly intersect and partly 
; lie on the dorsal aspect of the pyramidal fibres. They course to the lateral 
^border of the pons, and assist the superficial transverse fibres in forming the 
middle peduncle of the cerebellum. The furtlier connections of the transverse 
fibres will be discussed with the anatomy of the cerebellum. 

The longitvdinal fibres (fasciculi longitudinales) are derived from the crura 
cerebri, and enter the upper surface of the pons. Tliey stream downwards on 
either side of tlie middle line in larger or smaller bundles, separated from each 
other by the deeper transverse fibres ; these longitudinal bundles cause a 
forward projection of the superficial transverse fibres, and thus give rise to the 
pyramidal eminences on the ventral surface. Some of tliose fibres end in the 
nuclei pontis, and others, after decussating, in the motor nuclei of tlie fifth, 
sixth, seventh, and twelfth nerves ; but most of them are earri(*d tli rough 
the pons, and at its lower surface are collected into the pyramids of the medulla. 
The fibres which end in the motor nuclei of the cranial nerves arc*, derived from 
the cells of the cerebral cortex, and bear the same rtdation to t he motor cells of 
the cranial nerves that the pyramidal fibres ]>ear to the motor cells in the anterior 
horn of the cord. 

The nuclei pontis are continuous with the arcuate nuclei in the medulla, 
and consist of small groups of multipolar nerve-cells which are scattered 
between the bundles of transverse fibres. 

The tegmental or dorsal part (pars dorsalis pontis) of the pons is chiefly 
composed of an upward continuation of the reticular formation and grey matter 
of the medulla. It is subdivided into lateral halves by a median raphe, wliieh 
however does not extend into the ventral part of the pons, being obliterated 
by the transverse fibres. 

The tegmental portion of the pons consists of transverse and longitudinal 
fibres, and also contains important grey nuclei. The transverse fibres in iJie 
lower part of the pons arc collected into a distinct strand, named the 
corpus Irapezoideurn. This consists of fibres which arise from the cells of the 
ventral or accessory auditory nucleus, and Avill be referred to in connection 
with the cochlear division of the auditory nerve. In the substance of the 
corpus trapezoideum is a collection of nerve-cells, which constitutes the 
trapezoid nucleus. The longitudinal fibres, which are continuous with those 
of the medulla, are mostly collected into two bundles on either side. One of 
these lies between the corpus trapezoideum and the reticular formation, and 
forms the upward prolongation of the fillet; the second is situated near the 
floor of the fourth ventricle, and is the posterior longitudinal fasciculus. Other 
longitudinal fibres, which are moix5 diffusely distributed, arise from the cells 
of the grey m^i^^er of the pons. 

The greater part of the dorsal portion of the pons is a continuation upward 
of the forrnatio reticularis of the medulla, and, like it, ])resents the a])j)earance 
of a network, in the nu^shes of which are numerous nerve-cells. Besides these 
scattered nerve-cells, there are some important masses of grey matter which 
require mention, viz. the superior, olivary nucleus and the nuclei of the fifth, 
sixth, seventh, and eighth nerves (fig. 697). 

1. The superior olivary nucleus (nucleus olivaris superior) is a small mass 
of grey matter situated on the dorsal surface of tlu^ outer part of the corpus 
trapezoideum. Rudimentary in man, but well developed in certain animals, it 
exhibits the same structure as the inferior olivary nucleus, and is situated 
immediately above it. Some of the fibres of the corpus trapezoideum end by 
arborising around the cells of this nucleus, while others arise from these cells. 

2. Nuclei of the fifth nerve . — The nuclei of the fifth nerve in the pons are 
two in number ; a motor and a sensory. Tlie motor nucleus is situated in the 
upper jjart of the pons, close under its dorsal surface and along the line of the 
lateral margin of the fourth ventricle. The axis-cylinder processes of its cells 
form a portion of the motor root of the fifth nerve : the remaining fibres of 
the motor root of this nerve arc formed by a tract which arises from the grey 
matter of the floor of the Sylvian aqueduct, and hence is named the Sylvian or 
mesence.pluiUc root. The sensory nucleus lies external to the motor one, and 
beneath the superior peduncle of the cerebellum. Some of the sensory fibres 
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' i^ the fifth nerve terminate in tiiis nuoleos ; but the gieatetr aumba. 
tinder the name of the lower sensory or spinal root, to^^nd in the substan^ 
gelatinosa of Bolando. The roots, motor and sensory, of the fifth nerve p^a if 
through the substance of the pons and emerge near the upper margin of its ^ 
ventral surface. 

3. The nucleus of the sixth nerve is a circular mass of grey matter situated 
close to the floor of the fourth ventricle, above the striae acusticae and subjacent 
to the eminentia teres : it lies a little external to the ascending part of the 
seventh nerve. The fibres of the sixth nerve pass forward through the entire 
tiiiekness of the pons on the mesial side of the superior olivary nucleus, and 
between the outer bundles of the pyramidal fibres, and emerge in the furrow 
iH'tw'cen tlie low^er border of the pons and the pyramid of the medulla. 

4. The nucleus of the seventh nerve is situated deeply in the reticular formation 
of the pons, on the dorsal aspect of the superior olivary nucleus, and the roots of 
tlu^ ruTve derived from it pursue a remarkably toriuoiis course in the substance 
of the pons. At first they pass backwards and ijiwards until they reach the 
floor of tlie fourth ventricle, close tp the median groove, where they are collected 
into a round buridh*. Tins passes upwards an J forwards, producing an elevation 
(fasciculus tcr(\s) in the floor of the ventricle, and then takes a sharp bend, and 
arches outwards through th(‘ substance of th(i pons to emerge at its lower 
border in Wu) interval between the olivary and restiform bodies of tlie medulla. 

5. The nuclei of the auditory nerve, — Tlie auditory niTve consists of a cochlear 
and a vestibular division. The fibres of the co(ihlear division end in two nuclei : 

(a) the lateral cochlear nucleus, which corr(‘spoTids to the tuberculurn acusticum 
on the dorso-lateral surface of th<‘ restiform body; and (/j) the ventral or accessory 
cochlear nucleus, w liieh is placed bedween the two divisions of the ncive, on the 
ventral aspect of th<‘ restiform body. Tlu‘ nuclei in which the vestibular 
division ends are (</) tlu* dorsal or chief vestibular nucleus, w’hi(;h corresponds to 
the trigonum aeustici in tlu* floor of the fourth ventricle; the caudal end 
of this nucleus is sometimes termed the descen/liug or syhml vestibular nucleus ; 

(b) the nucleus of Deiters, coiisistiugof large (;ells and situated in the lateral angle 
of the floor of the fourth v(‘ntriele ; the dorso-latcuul jjart of this nueleus is 
sometimes termed the nucleus of Bex* hie retv. 

Applied Anatomy, — Injury to the pons, such as may occur on tho occlusion or rupture 
of one of its blood-vessels, oft<ui gives rise lo a special train of syiui)toins that is almost 
diagnostic. Pontine lesions are (jharacterised mainly by ‘ alternate j)araly8cs ’ ; that is to 
say, by paralysis of one of the motor cerebral nerves on one side, and of the limbs on tho 
other side of the body. Thus a liaunorrhagc into the low'er part of the pons might cause 
paralysis of the face (‘ lower segment jiaralysis ’) on the same side, from destruction of the 
facial nucleus or nerve-root, ami paralysis of the arm and leg on the opposite side from 
injury to the adjacent pyramidal tract. In the same way, paral3^is of the External rcetus 
muscle of one eye and of the Internal rectus of 1h(i other (‘conjugate paralysis ’ of the 
muscles turning the two eyes in one direction) and often paralysis of one sid#bf the face as 
well, together w'ith palsy of (ho limbs on tho opposite side of tho body, may be found when 
tho lesion occurs about the nucleus of the sixth nerve. Hearing is often unaffected in 
pontine lesions, ]JOssibly because the central auditory tract occiqiies a ventral and external 
position in the pons. 

• The Cerebellum 

TW cerebellum constitutes the largest part of tho hind-brain. It lies behind 
the pons Varolii and inedulla oblongata, while between its central portion and 
these structures is the cavity of the fourth ventricle. It nests on the inferior 
occipital fossae, wdiile above it is a fold of dura mater, named the tentorium 
cerebelli, wdiieh separates it from the tentorial surface of tlie cerebrum! It is 
Bomcwdiat oval in form, but constricted mesially and flattened from above 
downwards, its greatest diameter being from side to side. Its surface is 
not convoluted like that of the cerebrum, but is traversed by numerous 
curved furroAvs or sulci, which vary in dejith at dififtTcnt parts, and separate 
the laminae of which it is composed. 

Lobes of tlie cerebellum. — The cerebellum consists of three parts, aiiiedian 
and t wo la teral, w^hich are continuous wdth each other, and are substantially tlie 
same in structure. The median portion is constricted, and is called the tvorm or 
vermis, from the annulated appearance which it presents owing to traiisv(Tse 
ridges and furrows upon it; tho lateral expanded poitions are named the 
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he^i^pJheres. On the upper surface of the cerebellum the vermis is elevated above 
the level of the hemispheres, but on the under surface it is sunk almost out 
of sight in the bottom of a deep depression between them ; this depression 
is called the vallecula ccrebelli, and lodges the medulla oblongata. The part 
of the vermis which lies on the upper surface of the cerebellum is named the 
superior vermis ; that on the lower surface, the inferior vermis. Below and 
behind, the hemispheres are separated by a deep notch, the posterior cerebellar 
notch (incisura cerebeUi posterior), and in front by a broader shallower notch, 
the anterior cerebeUar notch (incisura cerebeUi anterior). The anterior notch 
lies^ close to the pons and upper part of the medulla, and its upper edge 
encircles the lower pair of corpora quadrigemina and the superior peduncles 
of the cerebellum. The posterior notch contains the upper part of a fold of 
dura mater, the falx cerebeUi. 

The cercbeUum is characterised by its laminated or foliated appearance ; 
it is marked by deep, somewhat curved fissures, which lie close together, and 
extend fqj* a considerable distance into its substance, dividing it into a series 
of layers or leaves. The largest and deepest fissure is named the great 
horizontal fissure (sulcus horizontalis cerebeUi). It commences in front at the 
pons, and passes horizontally round the free margin of the hemisphere to the 
middle line behind, and divides the cerebellum into anupper^nd a lower portion. 
Several secondary but deep fissures separate the cerebellum into lobes, and 
these are further subdivided by shallower sulci, which separate the individual 
folia or laminse from each other. Upon making sections across the laminse, 
it wiU be seen that the folia, though differing in appearance from tlie 
convolutions of the cerebrum, are analogous to them, inasmuch as they consist 
of a central w hite substance with a covering or cortex of grey matter. 

The cerebellum is connected to the cerebrum, pons, and medulla by three 
pairs of peduncles : a superior })air connect it with the cerebrum ; a middle 
pair with the pons ; and an inferior pair with the medulla. 

The upper surface of the cerebellum (fig. 703) is elevated in the 
middle line and sloped tow’ards the eircumft^rence, the liemisj)hcres being 
connected together by the superior vermis, wiiieli assumes the form of a raised 
median ridge, most jjrominent in front, but not sharply defined from the 
hemispheres. This surface is traversed by four curved fissures, w hich extend 
across its whole width and divide it into five lobes. Although each lobe 

Fig. 703. — U^jper surface of the cerebellum. (Schafer.) 
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extends continuously from side to side the portion of the lobe in the vermis 
has received a different name from that in the hemispheres. The five lobes in 
the vermis are named, from before backwards : (1) the lingula, (2) the lobulua 
centralis, (3) the culmen moniiculi, (4) the clivus monticuli, and (6) the folium 
cacuminis ; and the corresponding lobes in each hemisphere are termed : (1) the 
frcenulum, (2) the ala Idbuli centralis, (3) the anterior crescentic, (4) the posterior 
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f^rcscontic, and (5) the postrro-superior. The four fissures are named from before 
backwards, the precentral, the postcentral, the preclival, and the postcUval. 
Tlie arrangement of these ‘ lobes and fissures will be understood by a reference 
to the accompanying sclieme, in which they are named in order from before 
backwards. 


Hemisphere 
Frsenulum. . 

Ala lobuli centralis. 

Anterior crescentic lobe. 


Superior vermis 

Lingula. 

Precentral fissure 
Lobulus centralis. 

Postcentral fissure 
Culmen monticuli. 


Predival fissure 
Posterior crescentic lobe. Clivus monticuli. 


Postclival fissure 
Postero-superior lobe. Folium cacuminis. 


Hemisphere 

Preenulum. 

Ala lobuli centralis. 

Anterior crescentic lobe. 

Posterior crescentic lobe. 

Postero-superior lobe. 


The lingula is a small tongue-shaped process, consisting of four or five 
folia ; it lies in front of the lobulus centralis, and is concealed by it. Anteriorly, 
it rests on the dorsal surface of the valve of Vieussens, and its white matter 
is continuous witli that of the valv(\ On cither side, the lingula ^adually 
shades off, and is prolonged for only a short distance into the hemispheres, 
w'here it forms the fraenulum. 1’his does not stretch beyond the superior 
peduncle of tlic cerebellum, over which it lies. 

The lobulus centralis is a small square lobe, situated in the anterior notch. 
It overlaps the lingula, and is in turn partially concealtid by the culmen 
monticuli ; laterally, it extends along the up])er and anterior part of each 
hemisphere, where it forms a wiiig-lik(? prolongation, the ala lobuli centralis. 

The culmen monticuli is much larger than th(i two lobes just described, 
and constitutes, with the succeeding lobe, the bulk of the superior vermis. 
In fj’ont, it partially oveiiaj)S and obscures the lobulus centralis ; and behind, 
it is sciparated from the clivus by the prccUvnl fissure. It forms the most 
prominent part of the superior vermis, and is marked on its surface by three 
or four secondary fissures, which divide it into smaller lobules. Laterally, 
it is continuous with the anterior crescentic lobes of the hemispheres, which 
arc separated from the posterior crescentic lobes by the predival fissure. The 
culmen monticuli and the two anterior crescentic lobes form the lobus 
culminis. 

I’lie clivus monticuli is of considerable size, and consists ot a group of 
laminsD which are separated in front from the culmen by the predival fissure, 
but appear behind to be almost continuous with the folium cacuminis ; it will 
be found, however, on careful examination, to be separated from it by a 
weU-defined fissure, the postclival fissure. Laterally, this lobe is continued 
into the hemispheres as the posterior crescentic lobes, which are somewhat 
semilunar in shape, and form, with the anterior crescentic lobes, the greater 
part of the upper surface of the hemispheres. The two posterior crescentic 
lobes and the intervening clivus monticuli constitute the lobus clivi. 

The folium cacuminis is a short, narrow, concealed band at the posterior 
extremity of the vermis, consisting apparently of a single folium, but in reality 
marked on its upper and under surfaces by secondary fissures. LatSally, it 
expands in either hemisphere into a considerable lobe, which is semilunar in 
shape, and is situated at the postero-superior part of the hemisphere, and 
bounded below by the great horizontal fissure. It is named the postero- 
superior lobe, and occupies the posterior third of the mper surface of the 
hemisphere, forming its rounded postero-lateral border. The postero-superior 
lobes and the folium cacuminis form the lobus cacuminis. 

The under surface of the cerebellum (figs. 704, 706) presents, in the middle 
line, the inferior vermis, buried in the vallecula, and separated from the 
hemisphere on either side by a deep groove, the sulcus mlleculce. Here, as on 
the upper surface, there are deep fissures, dividing it into separate segments or 
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lobes ; but the arrangement is more complicated, and the relation of the 
segmejits of the vermis to those of the hemisphere is less clearly marked. 
This surface is divided into four lobes by three main fissures, which, however, 
are not so regularly disposed as tliose on the upper surface. The lobes on the 
vermis are named from before backwards : (1) the nodule, (2) the uvula, (3) the 
pyramid, and (4) the ivher valvulce or tuber posticum. On the liemispWeB 

• Fio. 704. — Under surface of the cerebellum. (Schnfer.) 


Ala lohuh 

cvntmlis Florcifluft Grcaf 



tlie corresponding lobes are: (1) thv j/ocetd us, (2) the amygdala or tonsil, (3) the 
bivf'nlral or digastric lobe, and (4) tlie poster o-inferior lobe, wliich oc^cupies 
at least two-thirds of the under surface and is subdivided by a secondary 
fissure, named the posigracilc fissure ; the anterior of the two subdivisions is 
named tin* slender lobe (lobus gracilis) ; and the posterior, the inferior semilunar 


Fkj. 70“). — Uisigrani Rhowin<r fissures on under suifaco of the cerebellum. 



r. J'lncculus. N. ^'odule. U. Uvula. TY, Tyruiiiid. aM. Auiyf^Uala. lilVEliT. Bivcutrul lobe. 


or postero-inferior lobe. The tliree main fissures kre : (1) The postnodular 
fissure which runs transversely across the vermis, separating the nodule in front 
from the uvula behind. When this fissure reaches the hemispheres, it passes 
in front of the amygdala, and then crosses between the flocculus in front and 
the biventral lobe behind, and joins the anterior end of the great horizontal 
fissure. (2) The prepyramidal fissure crosses the vermis between the uvula in 
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front and the pyramid behind, then curves laterally behind the amygdala, 
and passes forwards along the outer border of this lobe, between it and the 
biventral lobe, to join the postnodular fissure. (3) The postpyramidal fissure 
passes across the vermis beliind the pyramid and in front of the tuber valvulaB, 
and, in the hemispheres, courses behind the amygdala and biventral lobes, and 
then along the outer border of the biventral iobe to the postnodular sulcus. 
It forms the anterior boundary of the postero-inferior lobe, which, as already 
stated, is subdivided by tlie postgracile fissure. These fissures and lobes are 
here arranged, from before backwards, in a scliematic form. 


Hemisphere 

Flocculus. 

Amygdala. 

Biventral lobe. 

Lobus gracilis. 

Postgracile fissure. 
Inferior semilunar lobe. 


Inferior vermis 
Nodule. 

Postnodular fissure 
Uvula. 

Prepyramidal fissure 
Pyramid. 

Postpyramidal fissure 

I ‘ f 

■ Tuber valvuia». , 
^ ( 


Hemisphere 

Flocculus. 

Amygdala. 

Biventral lobe. 

Lobus gracilis. 

Postgracile fissure. 
Inferior semilunar lobe. 


The nodule Jind flocculus. — The nodule is a distinct prominence, forming 
the anterior extremity of the infcirior vermis. It abuts against the roof of the 
fourth ventricle, and can only be distinctly after the cerebellum has been 
separated from tlic medulla and pons. On eitliev side of the nodule is a thin 
layer of white substance, named the inferior medullary velum. It is semilunar 
in form, its convex border being continuous with the whitcj substance of the 
cerebellum ; it extends on either side as far as the flocculus, which it connects 
with the nodule. TIk^ flocculus is a prominent, irregular lobule, situated just 
in front of the biventral lobe, between it and tlie middle })eduncle of the 
cerebellum. It is subdivided into a few^ small laminic, and is connected to 
the inferior medullary velum by its central wdiitc core. The floeculi, together 
with the inferior medullary velum and nodule, constitute the lobus noduli. 

The uvula and amygdalae.-“-The uvula forms a considerable portion of 
the inferior vermis ; it is separated on either side from the amygdala by the 
sulcus vallectdce, at the bottom of which it is eonneeded to the amygdala by a 
ridge of grey matter, indented on its surface by shallow furrows, and lienee 
called the furroived hand. It is marked on its surface by three or four trans- 
verse fissm-es. The amygdala^ or tonsils, are rounded masses, situated in the 
lat» ral hemisph(‘res. Each litjs in a deep fossa, termed the hirdi's nest (nidus 
avis), between the uvula, and the biventral lobe. The uvula and tonsils form 
the lobus uvulae. 

The pyramid and biventral lobes constitute the lobus pyramidis. The 
pyramid is a conical projection, forming the largest prominence of the inferior 
vermis. It is separated from the hemispheres by tljc sulcus valleeulae, across 
which it is connected to the biventral lobe by an hidistinci grey band, iinalogous 
to the furrow^ed band already described. The bivt^ntral lobe is triangular in 
shape ; its apex points inwards and backw ards, and is joined by the connecting 
band to tlie pyramid. The external border is separated from the slender lobe 
by the postpyramidal fissure. Tlie base is directed forwards, and is on a line 
w ith the anterior border of the amygdala, and is separated from the ftecculus 
by the postnodular fissure. 

The tuber valvulae and the postero-inferior lobes collectively form the 
lobus tuberis. The tuber valvular is the most posterior division of the inferior 
vermis. It is of small size, and laterally spreads out into the large postero- 
inferior lobes of tlie hemispheres. These lobes, as stated above, comprise at 
least two-thirds of the inferior surface of the hemisphere, and are divided into 
two by the postgracile fissure. The anterior part is named the* slender hhe 
(lobus gracilis) ; and the posterior, the inferior semilunar lobe. Each of them 
is traversed by a curved fissure ; that in the slender lobe being ^vell marked 
and termed the intragradle fissure. 
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Internal Structure of the Cerebellum 

The cerebellum consists of white and grey matter. 

White matter. — If a sagittal section (ng. 706) be made through either 
hemisphere, the interior will be found to consist of a central stem of white 
matter, in the interior of which is a gi*ey mass, the nucleus dentatus. From 
the surface of this central stem a series of plates of medullary matter are 
detached ; these are covered with grey matter and form the laminaa. In 
consequence of the main branches from the central stem dividing and sub- 
dividing, the section presents a characteristic appearance, which is named the 
arfeor vitce. If the sagittal section be made througli the middle of the vermis, 
it will be found that the central stem divides into a vertical and a horizontal 
branch. The vertical branch passes upwards to the culmen, where it 
subdivides freely, one of its ramifications passing forwards and upwards 
to the central lobe. Tlie horizontal branch passes backwards to the folium 
cacuminis, greatly diminished in size in consequence of liaving given off 
large secondary brandies : one, from its upper surface, ascends to the clivus ; 
the otliers desetend, and ontov the lobes in thfs inferior veriniform process. 


Fio. 706. — Sagittal section of the cerebellum, near the point of junction of the vermis 
with the hemisphere. (Schafer.) 



Hlender lohe 


viz. the tuber valvulae, the pyramid, the uvula, and the nodule. It is not 
necessary to describe in detail the various divisions of the white matter, as 
they correspond to tlie lobes on the surface. 

Tlio white matter of the cerebellum includes two sots of nerve-fibres : 
(1) the peduncMlar fibres, continuous with those of the peduncles of the cere- 
bellum ; (2) the fibres proper (fihrm projnrice) of the cerebellum itself. 

The peduncles. — From the anterior part of each hemisphere arise three 
larg(‘ processes or peduncles — superior, middle, and inferior — by which the 
cerebellum is connected w^ith the rest of the brain. 

The superior peduncles emerge from the upper and mesial part of the 
whit(i substance of the hemispheres and are placed under cover of the upper 
part of the cerebellum. They are joined to each otlier a<Toss tlie middle 
line by the valvij of Vieiissens, and can be followed upwards as far as the 
inferior quadrigeminal bodies, under which they disappear. Below, they form 
the upper lateral boundaries of the fourth ventricle, but as they ascend they 
converge on the dorsal aspect of the ventricle and thus assist in roofing it in. 

The fibres of the supi^rior peduncle are mainly derived from the cells of 
the nucleus dentatus, and emerge from the hilus of this nucleus ; a few arise 
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from the cells of the smaller grey nuclei in the cerebellar white substance, and 
others from the cells of the cerebellar cortex. They are continued upwards 
beneath the corpora quadrigemina, and the fibres of the two peduncles undergo 
a complete decussation in front of the Sylvian aqueduct. Having crossed 
the middle line they divide into ascending and descending groups of fibres, 
the former ending in the red nucleus, the thalamus, and the nucleus of the 
third nerve, while the descending fibres can be traced as far as the dorsal part 
of the pons ; Cajal believes them to be continued into the anterior column of 
the spinal cord. 

As already stated (page 806), the greater part of the tract of Gowers passes 
to the cerebellum, which it reaches by way of the superior peduncle. 

The middle peduncles are the largest, and are formed by the transverse 
fibres of the pons. They enter the cerebellum between the margins of the 
great horizontal fissure, and their fibres are grouped into two main bundles : 
one, consisting of the upper transverse fibrcF of the pons, spreads out in 
the infero-lateral part of the hemisphere ; the other, comprising the lower 
transverse fibres of the pons, radiates into the upper part of the hemisphere. 

Thfj middle peduncle is composed entirely ot centripetal fibres, which arise 
from the cells of the nuclei pontis of the oppe site side and terminate in the 
core hollar cortex. 

The inferior peduncles consist mainly of afferent fibres, and arc continuous 
below with the restiforrn bodies of the medulla oblongata.* They pass at first 
upwards and outw ards, forming part of thc^ lateral walls of the fourth ventricle, 
and then bend abruptly backw^ards to enter the cerebellum between the middle 
and superior peduncles. 

The inferior peduncle contains the following fasciculi : (1) the direct 

cerebellar tract of the spinal cord, which t(5rminat(^s mainly in the superior 
vermis ; (2) fibres from the nucleus gracilis and nucleus cuneatus of the same 
and of the opposite sides ; (3) fibres from the opposite olivary body ; (4) crossed 
and uncrossed fibres from the reticular formation of llie medulla ; (5) vesti- 
bular fibres, derived partly from tJio vestibular division of the auditory nerv’e 
and partly from the nuclei in which this division terminates — these fibres 
occupy the inner segment of the peduncle and divide into ascending and 
descending grouj)S of fibres ; tlie ascending fibres partly end in the roof nucleus 
of the opposite side of tlie cerebellum ; (6) cerebello-bulbar fibres which come 
from the opposite roof nuclims and probably from tlie nucleus dentatus, and 
are said to end in the nucleus of Deiters and in the formatio reticularis of the 
medulla oblongata. 

The valve of Vieussens, or superior medullary velum, is a thin, 
transparent lamina of white matter, winch stretches across from one suj)erioi’ 
peduncle to the other ; on the dorsal surface of its lower lialf the folia of the 
lingula ar»' prolonged. It forms, together with tlu^ superior peduncles, 
the roof of the upper part of the fourth ventricle, and is continuous with the 
central white stem of the cerebellum. It is narrow above, wiiere it passes 
beneath the corpora quadrigemina, and broader below’, at its connection 
with the w^hitc substance of the superior vermis. A slightly elevated ridge, 
the frcenulum veli, descends upon the upper pijirt of the valve from between 
the lower corpora quadrigemina, and on either side of this the fourth nerve 
emerges. 

The inferior medullary velum is a thin layer of white substance, wliich is 
prolonged from the white eemtre of the medulla above and on cither side of 
the nodule, and assists in forming a part of the roof of tlie fourth ventricle. 
Somewhat semilunar in shape, it is continuous with the wliite substance of the 
cerebellum by its convex edge, while its thin concave margin is apparently free. 
In reality, however, it is continuous with the epithelium of the ventricle, which 
is prolonged downwards from the inferior medullary velum to the ligulae. 

The two medullary vela are in contact with each other along their line of 
emergence from the white substance of the cerebellum ; and this line of contact 
forms the summit ot the roof of the fourth ventricle, which, in a vertical section 
through the cavity, appears as a pointed angle. 

* Strictly speaking, each .’nferior peduncle consists of an inner and an outer segment., the 
latter of which is the rcstifonu body. 
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The iibrae proprix of the cerebellum are of two kinds : (1) commissural 
fibres, which cross tlie middle line to connect the opposite halves of the 
cerebellum, some at the anterior part, and others at the posterior part of the 
vermiform process; (2) arcuate or association fibres, which connect adjacent 
laminae with each other. 

Grey matter. — The grey matter of tlie cerebellum is found in two 
situations : (1) on the surface, forming tlic cortex ; (2) as independent masses 
in the interior. 

(1) The grey matter of the cortex presents a charac^teristic foliated 
appearance, due to the series of laminae which are given off from the central 

I'lG. 707. — ^Transverse section of a cerebellar folium. (Diagrammatic, after Cajal and 

Kdlliker.) 



white matter ; these in their turn give off secondary laminae, which are covered 
with gr(‘y matter. This arrangement gives to the cut surface of the organ 
a foliated a])pearance (hg. 706). Externally, the cortex is covered by pia 
mat<n* ; internally is the medullary centre, consisting mainly of nerve-fibres. 

Microscopic appearance of the cortex, — The cortex consists of two distinct 
layers, viz. an external grey molecular layer, and an internal rust-coloured 
granular layer. Between the two layers is an incomplete stratum of cells 
which are characteristic of the cerebellum, viz. the cells of Purkinje, 

The external grey or molecular layer (fig. 707) consists of fibres and colls. 
The nerve-fibres are delicate fibriJlaj, and are derived from the following 
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sources : (a) the dendrites and axon-collatcrals of Purkinjo’s cells ; (&) fibres 
from cells in the granular layer ; (c) fibres from the central white substance of 
the ecrebelluin ; (d) fibres derived from cells in the molecular layer itself. In 
addition to these are other fibres, which have a vertical direction. These are 
the processes of large neuroglia-eells, situat(^d in the granular layer. They ])ass 
outwards to the periphery of the gn^y matter, where they expand into little 
conical enlargements which form a sort of limiting membrane beneath tlic pia 
mater, analogous to the membrana limitans interna in th(' retina, formed by 
the fibres of Miillej*. 

The ceJh of the. molecMlar layer are small, and are arranged in t-w'o strata, an 
outer and an inner. Tlu^y all possess branched axis-(;ylindej* pi‘ocess(‘s ; those 
of the inner layer run for some distance horizontally- -i.e. parallel with the 
surface of the folium — giving off collaterals, w')ii(^li pass iji a vertical direction 
towaids the cell-bodies of Purkinje’s coi't^usclcs, around which they become 
enlarged, and form a basket-like network. Hence these cells of the inner layer 
are nanu'd hafiket-cells. 

The cells of Purhinje foiin a single stratum of large, flask-sliaped cells 
situated at the jun(*tion of tlic molecular and gj-anular layers, their bases resting 
against the latter; in fislies and reptiles they are arranged in several layers. 
Th(* cells are flattfuu'd in a dinu^tion transverse to the long axis of the folium, 
and thus ap])car broad in sections carried across tlic folium, and fusiform in 
sections [larallcl to the long axis of the folium. From the neck of the flask one 
or more dendrites arise and pass into the molecular layer, wdiere they sub- 
divide and form an extremely rich arborescence, the various subdivisions of the 
den(li it(*s being (!ov(‘r(‘d by lateral spine-like jiroeesses. This arbor(»scence is 
not circular, but, like? tb(‘ cell, is flatt(?ned at right angl(*s to the long axis of 
the folium ; in oUkm* words, it does not resemble a round bush, but has been 
ajitly com])arcd by Ob(‘rstcin('r to the branches of a fruit tree trained against a 
trellis or a wall. Hence, in sections carried across the folium the arborescence 
is })j‘oad and (‘Xjianded ; w'h(*reas in those w'hich an? parallel to the long axis of 
the folium, the aiborcscene(‘, like the cell itself, is seen in profile, and is limited 
to a narrow^ area. 

From the bottom of tlu' flask-shajM'd cell the axon arises ; this passes 
through the gianular layer, and, becoming medullatod, is continued as a 
lUM’ve-fibre in the subjae(‘nt w hib? substance*. This axon as it- 2 )ass(‘s through 
th(* granular layer gives off firu? collaterals some of which run back into the 
molecular layer. 

Tlie Internal rv, si -coloured, yrannlar, or nuclear, layer (fig. 707) is 
charael<*rised by containing nuinerous ^’lnall nerv(*-e(‘lls or granules of a 
reddish-brown colour, togetluM’ with many neive-fibrils. Most of the cells 
are n(?arlv spherical and i)rovided with short dendrites which spread out in 
a spider- iik(* manner in the granular layer. Their axons pass outwards into 
the molecular layer, a-nd, bifurcating at right angles, run hoiizontally for some 
distance*. In the* outer part of tin* granular layer are some larger cells, of the 
type t(*rmed Golgi cells. Their axons undergo frequent division as soon as they 
leave tlic nerve-cells, and pass into the granular layer ; while their dendrites 
ramify chi(?fly in the molecular layer. 

Finally, in the? grey matter of the cerebellar cortex, there are fibres wdiich 
come from the w hite centre and penetrate the cortex. The cell-origin of these 
fibres is unknown, though it is believed that it is probably in the grey matter of 
the spinal (jord. Some of these fibres end in the granular layer by dividing into 
numerous branches, on w Inch are to be seen peculiar moss-like appendages ; 
hence they have been termed by Ramon y Cajal the moss-fibres ; they form 
an arborescence around the cells of the granular layer. Other fibres derived 
from the medullary centre can be traced into the molecular layer, w here their 
branches c?ling around the dendrites of Purkinje’s cells, and hence thej'^ have 
been named the cMnghig or tendril fibres, 

(2) The independent centres of grey matter in the cerobellum arc 
four in number on either side : one is of large size, and is know n as the nucleus 
dentatus ; the other three, much smaller, are situated near the middh* of the 
cerebellum, and arc knowm as the nucleus emboliformis, nucleus globosus, 
and nucleus fastigii. 

3 H 
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The nucleus dentatus (fig. 708) is situated a little to the inner side of the 
centre of tlje stein of the white matter of the hemisphere. It consists of an 
irregularly folded lamina, of a greyish-yeUow (jolour, containing white fibres, 
and presenting on its antero-intornal aspect an opening, the hilus, from wliich 
most of the fibres of the superior cerebellar peduncle emerge. 

The nucleus emholifGrmis lies immediately to tlio inner side of the corpus 
dentatum, and partly covering its hilus. The nucleus globosus is an elongated 
mass, directed antero-posleriorly, and placed to the inner side of the preceding. 
The nucleus fastigii, or roof nucleus of Stilling, is somewhat larger than the other 


Eig. 708. — Sagittal section through right cerebellar hemisphere. The right olivary 
body has also been cut sagittally. 



two, and is situated close to the middle line at the anterior end of the superior 
vermiform process, and immediately over th(‘ roof of the fourth ventricle, from 
which it is separated by a thin layer of white matter. 

Weight of the cerebellum. — Its average weight in the male is about 
5 oz. 4 drs. It attains its maximu m between the twenty-fifth and fortiet h years ; 
its increase after the fourteenth year being relatively greater in the female than 
in the mah^. The proportion between the cerebellum and cerebrum is, in the 
male, as 1 to 8*2, and in th(^ female as 1 to 8. In the infant the cerebellum is 
proportionately much smaller than. in the adult, the relation between it and the 
cerebrum being, according to Cruveilhier, 1 to 20. 

Applied Avattmy . — Tlio general functions of the cerebellum in the human economy 
appear to bo the co-ordination of movements and equilibration. The exact functions of 
its different parts are still quitt^ uncertain, owing to the contradictory nature of the evidence 
furnished by (1) ablation experiments upon animals, and (2) clinical observations in man 
of the effects produced by alujesses or tumours affecting different portions of the organ. 
According to W. A. Turner, ‘ The following localising symptoms would therefore indicate 
the presence of a tumour implicating the right cerebellar hemisphere and middle peduncle : 
deafness in the right ear, unassociated with middle ear complications ; an unsteady and 
uncertain gait, with a tendency to fall more particularly to the right side ; coarse nystag- 
moid oscillations on looking to the right ; movements resembling those of disseminated 
sclerosis on volitional effort of the right arm ; an awkward uncertain action of the right leg ; 
6* slight increase of the right knee-jerk ; and, perhaps, slight blunting of sensibility over 
the right cornea and side of the face.’ 


f The Fourth Ventricle 

The fourth ventricle (ventriculus quartus), or cavity of the hind-brain, is 
situated in'^front of the cerebellum and behind the pons Varolii and upper half of 
T+ iaUnofl bvoiliatedeDithelium,andis continuous below 
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with the central canal of the medulla oblongata ;* above, it communicates, by 
means of a passage termed the aqueduct of Sjdvius, with the cavity of the third 
ventricle. It presents four angles, and possessi's a roof or dorsal wall, a floor 
or ventral wall, and lateral boundaries. 

Ang’les. — The superior angle, is on a level with the upper border of the pons 
Varolii, and is continuous with the lower end of the aquedue.t of Sylvius. The 
hiferior angle is on a level with the lower end of the olivary body, and opens into 
the central canal of the medulla oblongata. Each lateral angle corresponds with 
the point of meeting of the three cerebellar peduncles. A little below the lateral 
angles, on a h^vt^l with the stria^ acustiete, th(‘ vcmtricular cavity is prolonged 
outwards in the form of two narrow }>assages, ontj on either side. These an^ 
named th(^ lateral recesses, and are situated between the restiform bodies and 
the floceuli, rt^acihiiig as far as tlu^ attachments of the glosso-pharyngeal and 
vagi rierv'es. 

Lateral boundaries. — The lower part of each lateral boundary is con- 
stituted by the elava, the fasei(uilus cuneatus, and tlie restiform body ; the 
up2)er part by the supcu'ior cerebellar peduncle. 


Fra. 709. — Scheme of roof of fourth ventricle. 



Roof or dorsal wall (fig. 709). — ^The upper portion of the roof is formed by 
the superior cerebellar peduncles and the valve of Vieussens ; the lower portion, 
by the inferior medullary velum, the epithelial lining of the ventricle covered 
by the tela chorioidea inferior, the liguhe and the obex. 

The superior peduncles, on emerging from the central white substance of the 
cerebellum, pass upwards and forwards, forming at first the lateral boundaries 
of the upper part of the cavity ; but on approaching the inferior quadrigeminal 
bodies, they converge, and their mesial portions overlap the cavity and form 
part of its roof. 

The superior medullary velum (velum medullare antcrius) (page 831) fills in 
the angular interval between the superior peduncles, and is continuous behind 
with the central white substance of the cerebellum ; it is covered on its dorsal 
aspect hy the lingula of the superior vermis. 

The inferior medullary velum (velum medullare posterius) (page 831) is 
continued downwards and forwards from the central white substance of the 
cerebellum in front of the nodule and amygdal®, and ends inferiorly in a thin, 

* J. T. Wilson {Journal of Anatomy and Physiology, vol. xl.) has pointed out that the central 
canal of the medulla, immediately below ite entrance into the fourth ventricle, retains the 
cleft-like form presented by the foetal spinal canal, and that it is marked by dorso- and ventro- 
lateral sulci. 
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concave, somewhat ragged margin. Below this margin the roof is devoid of 
nervous matter except in the immediate vicinity of the lower lateral boundaries 
of tlie ventricle, where two narrow white bands, the ligulce, appear ; these 
bands meet over the inferior angle of the ventricle in a thin triangular lamina, 
the obex. The non-nervous part of the roof is formed by the epithelial lining 
of the, ventricle y which is prolonged downwards as a thin membrane [memhrana 
tecioria)y from the deep surfac^e of the inferior medullary velum to the 
corresponding surface of the obex and ligula?, and tlioncc on to the flooi* of the 
ventricular cavity. It is covered and strengthened by a portion of the pia 
mater, which is named the tela chorioiden venfricnli quarli. 

The UqiilfE are two narrow bands of white matter, one oneitlier side, which 
complete tlie lower part of the roof of tln^ ventricle. Eaelj consists of an inmn* 
vertical and an ouUm* Jiorizontal 2>art. Tlie vertical part is continuous below 
the obex, and is adherent by its outer border to the ehiva ; the horizontal 
portion extends transversely outwards across the restifoi’in body, belov^ the 
stria? aeustiea*, and roofs in the lower and posterior part of th(' lateral n^cess. 
It is attached by its low er margin 1o the rcstiforrn body, and partly encloses the 
choroid plexus, wliicii, however, projects beyond it like a cluster of grapes ; 
and hence this part of the ligula has been termed the (Boehdah‘k). 

The obex is a thin, triangular, grey lamina, which roofs in the lower angh* of 
the ventricle and is attached by its lateral margins to the clavic.* The 
tela chorioiflea ventriculi qmrti is the name applied to tlie triangular fold of 
pia mat(4* which is carri(^d ujiwai’ds betw(‘en the (‘erelxdlum and the medulla 
oblongata. It consists of tw'(» layers, which ar(^ continuous with eaxdi other in 
front, and ar(^ more or less adherent throughout. Tlie posterior layer covers 
the antero-inferior surface of the cerebellum, while the ant(‘rior is applied to 
the structures which form the Iowti* part, of the roo^ of the ventricle, and is 
continuous inferiorly w ith the pia matcM-onthe restiform bodies and closed part 
of the medulla. 

Choroid plexuses. — Tliese consist of two higlily vascular inflexions of the 
tela chorioidc^i inferior, which invaginate the lower part of the roof of the 
ventricle. Each consists of a vertical and a hcwizontal portion : tlie former 
lies close to the middle line, and the latter passes into llic' lateral rewss and 
proj(‘cts beyond its ap(»x ; they arc evc'rvw here covered by t]u‘ epithelial lining 
of tlie ventricle. The vertical parts of the plexuses are distinct from e^aeh other, 
but the horizontal portions arc* joined in the middle line ; and Ikuico the entire 
structure presents the form of the letter T, the v(‘rti(;al limb of which, Imwcvcr, 
is double. 

Openings in the roof. — In the roof of the fourtli ventricle there are three 
openings in the pia mater and subjacent epithelium : one of these, thi\ foramen 
of M a jendie, is situated in the middh^ line immediately above the inferior angle 
of tlie ventiicle ; the oth(*r two ( foramina of Luschfea, or foramma of Keij and 
Helzius) are found at the extremities of the lateral recesses, liy means of 
these tlir(‘e foramina the cavity of the ventricle (communicates Avith Mie 
subarachnoid sjiaco, and the cccncbro-spinal fluid can jiass from the ventricle 
into tliis spac.e, or vice verm. 

Floor or ventral wall (lig. 710).— This is rhornboidal ia shape, its iipiier 
portion being formed by tluc dorsal surface of the perns Varolii, and its low’cr 
by the corresponding surface of the o])eii part of the medulla obhmgata. It is 
covered by a layer of gny matter continuous with th(c giey matter of the 
spinal cord ; superficial to this is a thin lamina of neuroglia, which constitutc^s 
tlie e])cndyma of the venti'icde and supports a layer of ciliated epithelium. It 
is traversed by a median sulcus, w'hi(;h divides it into symmetrical halv(;s, and 
it i.s crossed at the level of the lateral recesses by a number of white strands, 
nanu^d tlie strUn acustiew. These form a portion of the cochlear division of the 
auditory nervic, and vary greatly in different brains as to their direction and 
prominence ; they sweep round the outer aspect of the restiform body, extend 
irnvards on the floor of the ventricle, and disapjiear by passing into the median 

• J. T. Wilson, np. cU., recognises two forms of obox : {a) the true ohex,, constituted by a 
medullary thitekening of the* roof plate, and (Ji) a fahr or mvmhnmom ohox whore the medullary 
thickening fails to take place, and where the roof plate is represented only by the ependymal 
invfrr flnthinir the ventral gurfacc of a pial reduplication which forms the main substance of 
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sulcus. They divide the floor into two triangular areas, an upper and a lower, 
wliieh correspond, approximately, to the portions of the floor which are formed 
by the back of the pons and medulla resp(x;tively. 

Below the stria? axuistica?, at a short distance from the median sulcus, on 
either side, is a small triangular depression, the inferior fovea ^ the apex of 
which is directed uj)wards, wliile its sides are prolonged downwards as divergent 
furrovA's. The inner of these furrows is carried towards the lower angle of the 
ventricle, the outer towards its lat eral wall ; and in tliis manner three small tri- 
angular ai’oas are marked off on either side of the middle line. That which lies 
betn'cen tlie diverging furrows of the fovea is darker in colour than the other 
t\\'o, and is named the ala cinerea or trigomnn vagi ; it coiTesponds with the 
position of the sensory nuclei of tlie vagus and glosso-phaiyngeal nerves. The 
base of the trigonum vagi is crossed by a narron' translucent elevation named 
the funieidus .separav^^, betAveen which and the clava is a small tongue-shaped 
area, th(‘ area posirema. On se(;tion, it is seen that the funiculus separans 
is formed by a strip of thi(;kened ependyma, and that the area postrema is 

Fig. 710. — Floor of fourth ventricle. 
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occupied by a Idbse highly vascular myelospongium, and contains neurons of 
a moderate size. The area which lies between the inner limb of the fovea 
and the median sulcus is termed the irigonmn hypoglossi ; its base, directed 
upwards, is continuous with an elevation, the emiuentia which lies above 
the stria? acustica* ; its apex forms with that of the opposite side a pointed 
elevation, the calamus scriptorium. When examined under Avater Avith a lens, the 
trigonum vagi is seen to (consist of a mesial and a lateral area separated from 
one another by a series of oblique furrovA^s ; the mesial area corresponds with 
the ventricular part of the nucleus of the hypoglossal nerve, the lateral with 
a smaU-celled nucleus, the nucleus intercalatus. The third area, that on the 
outer side of the fovea inferior, is named the trigonum acusticum, and 
corresponds A\dth one of the chief nuclei of the auditory nerve. Its base? 
is directed upAvards, and is continuous Avith a larger eminence, termed the 
emmentia or area acusiiext, Avliich is crossed by the striae acustica?. 

In each half of that part of the floor of the ventricle AA'hich lies above the 
striae acusticae, a small depression, the s^iperior fovea, is seen. Between it and 
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the median suleus is an elongated eminence, the eminenlia teres, which overlies 
the nucleus of tlie sixth nerve, and is, in part at least, produced by the ascending 
portion of the root of the seventh nerve. This eminence becomes less distinct 
above, while below it is continuous with the trigonum hypoglossi. Outside the 
superior fovea is the prominence of the area acusticci (already referred to) ; and 
above it is a bluish, depressed spot, the locus cmrylcus, wliicli owes its colour 
to an underlying patch of deeply pigmented nerve-cells, termed the substantia 
ferrujginosa, in which a part of the sensory root of the fifth nerve terminates. 


THE MIT)-BRAIN 


' The mid-brain, or mesencephalon (tig. 711), is the short, constricted portion 
which connects the pons Varolii and cerebellum with the tUalamcncephalon and 
cerebral hemispheres. It is dircctcnl upwards and forwaT-ds, and consists of : 
(1) a ventro-lateral portion, composed of a pair of cylindricjal bodies, named 
the cj'uzsk ^ dorsal portion, consisting of four rounded eminences, 

named corpora qiuidrigcmiiw ; and (3) an intervening passage or tunnel, the 
aqueduct of Sylvius, which rcprescMils the original cavity of tlic mid-brain and 
coniKJCts tli(j tliird with the fourth ventricle. 

Tluixciixacerebri (pedunculi cerebri) are two cylindiical masses sit uati^d at 
the base oi the brain, and largely hidden by the temporal lobes of tJie cert'brurn, 

wiiicii must be diviwm aside or 


Fig. 711. — Corpora qiiadrigernina and coj'pora 
geniculata. (Testut.) 
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removed in ordt^r to expose 
tliem. They emerge from 
upper surface of .the pons 
Vai:gJii. one on eith(*r side of 
the middle line, and, diverging 
as they pass upw^ards and 
forwards, disajijiear into the 
substance of the ec'rebral hemi- 
spJieres. Tlie dejircssed area 
Ixdw^oen the (;rura is termed 
tlie locus per/oralus posticus or 
fossa inter pidMVmUu^M, and 
eoiisists of a layer of greyisli 
matter (substantia ])erforata 
posterior) which is pierced by 
numerous small apertures for 
the transmission of blood- 
vi'ssels. Its low'(‘r part lies on 
the ventral aspect of the riK'sial 
portions of the tegmenta, and 
contains a nucleus named the 
ganglion inter pcduncularc (page 
840) ; its uppm* part assists in 
forming the floor of the tliird 
ventricle. Thb ventral surface 
of each crus is crossed from 
within outwards by the superior 
cerebellar and posterior cerebral 
arteries ; its lateral surface is in 
relation to the uncinate convolu- 


tion of the cerebral hemisphere 
and is crossed from behind forw ards by the fourth nerve. Closer to its point of 
disappearance into the cerebral liemisphere, the optic tract winds forwards 
around its ventro-laicjral surface. Tlie inner surface of the crus forms the 


lateral boundary of the posterior part of a space known as the interpedun- 
cular space, and is mar ked by a longitudinal furrow% the oculo-motor sulcus, from 
which the roots of the third or oculo-motor nerve emerge. On the outer 
surface of each crus there is a second longitudinal fun'ows termed the sulcus 
lateralis, which is prolonged downwards between the superioi" and middle 
cerebellar peduncles. The fibres of the lateral fillet come to the surface in 
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tliis s^cuB, and pass backwards and upwards, to disappear under the lower 
quadrigeminal body. 

Structure of the crura cerebri (figs. 713, 714). — On transverse section, each 
crus is seen to consist of a dorsal 
and a ventral part, separated by a 
deeply pigmented lamina of grey 
matter, termed the svhstantia 
nigra. The dorsal part is named 
the tegmentum; the ventral, the 
crusta or pes ; tlio two crustae are 
separated from each other, but 
the tegmenta are join<'d in the 
mesial plane by a forward jjro- 
longation of the raphe of the pons 
Varolii. Laterally, the tegmenta 
are free, and arc constituted by 
the fibres of the lateral fillet ; 
dorsally, tliey bh^nd witli the 
corpora ( j u a d r igtu n i n a . 

Tlie crusta, or pes (basis 
siiinilunar on trans- 
verse section, and consists almost 
entirely of longitudinal bundles 
of efferiait fibres, which arise 
from the ccUs of the cerebral 
cortex and are grouped into three 
prin(;ipal sets, viz. i^yramidal, 
genicailate, and cortico-pontine 
(fig. 712). The pyramidal fibres 
occupy the middle three-fifths of 
the crusta, and are continued 
downwards througli th(‘ pons into 
the pyramid of tlic medulla. The 
geniculate fibres — so named be- 
cause tliey arc situated in the 
kn(M‘-sha])ed bend of the internal capsule — occupy the inner fifth of the 
crusta, and terminate, after decussating with the corresponding fibres of the 

713. — ^'rransverse section of mid-brain at level of inferior quadrigeminal bodies. 


In/fru)r (jnadr'jjrininal hodica 



other side, in the motor nuclei of the cranial nerves. The coriico-poniinc fibres 
terminate below. in the nuclei pontis, and consist of anterior and posterior 


Fia. 712. — ^Vertical transverse section through 
mid-brain. (Schematic.) (Testut.) 
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groups. The fibres of the posterior group arise in the temporal and oficipital 
lobes, and occupy the outer fifth of the crusta ; while those of the anterior 
group take origin in the frontal lobe, and are disseminated among, the 
pyramidal and geniculate fibres. On the dorsal aspect of tlie (jortico-pontine 
fibn's a strand of the mesial fillet passes up in the crusta.* 

The substantia nigra is a layer of grey matter containing numerous deeply 
pigmented, multi})olar nerve-cells. Like the crusta, it is semilunar on trans- 
verse section, its concavity being directed towards the tegmentum ; from its 
convex aspect, prolongations exlt'iid do\^'nwards between the fibres of the 
crusta. Thicker internally than (‘xtcrnally, it n^acdies from the oculo-motor 
sulcus to the lateral sulcus, and extends from the upper surface of the pons 
to the subthalamic region ; its inner part is traversed by the fibres of tlie third 
nerve as these stream forwards to reach Ihe oculo-motor sulcus. The connec- 
tions of the substantia nigra have not been definitely established. 

The tegmentum is continuous below with the reticular formation of the 
pons, and, like it, consists of longitudinal and transverse fibres, together with 
a considerable amount of grey matter. The principal grey mass(*s of the 

Fig. 714. — Transverse section of mid-brain at level of superior quadrigeminal bodies. 


Superior quadrigcmiual bodies 



tegmentum are the red nucleus and the ganglion interpeduncuhu'c ; of its 
fibres the chief longitudinal tracts are the superior cerebellar peduncle, the 
posterior longitudinal fasciculus, and the fillet. 

Grey matter . — The red nucleus (nucleus ruber) is situated in the anterior 
part of the tegmentum, and is continued upwards into the posterior part of 
the subthalamic region. In sections at the level of the upper quadrigeminal 
body it appears as a circulai* mass which is irav(irsed by the fibres of the third 
nerve. Most of the fibres of the. superior cerebellar pe^duncle terminate in it 
(page 831). The axons of its larger cells cross ihe middle line and are continued 
downwards into the lateral column of the spinal cord as the rubrospinal tract 
or tract of Moiiakow ; those of its smaller cells end mainly in the thalamus. 

The ganglion interpedunculare is a median c'olk^ction of nerve cells situated 
in the ventral part of the tegmentum. The fibres of the fasciculus retroflexus 
of Meynert, which have their origin in the cells of the ganglion habenulae 
(page 849), end in it. 

Besides the two nuclei mentioned, there are small collections of cells which 
form the dorsal and ventral nuclei' and the central nucleus or nucleus of the 
raphe. 

* A band of fibres, the tra-ciiis peduncularis tramversm^ is sometimes seen emerging from in 
front of the ui)j>er quadrigeminal body ; it passes round the ventral aspect of the crus about 
midway between the pons and the optic tract, and dips into the oculomotor sulcus. This band 
is a constant^stmeture in many mammals, but is only present in about thirty per cent, of human 
brains. Since it undergoes atrophy after enucleation of the eyeballs, it may be considered as 
forming a path for visual sensation's. 
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While mailer , — (1) The origin and course of the svperior cerebellar peduncle 
liave already been described (page 830). 

(2) The dorsal or poslerior lonyitudimH fasciculus (iig. 715) is continuous below 
with the antero-lateral ground -bundle of the spinal cord ; and has been traced 
by Edingeras far as a imehui^, the nucleus o f the poslerior longitudinal fasciculus, 
situated in the hypotlialamus, immediately in front of the aqueduct of Sylvius. 
In t Jie medulla oblongata and pons, it runs close to tlu*. middle line, near the floor 
of the fourth ventricle ; in the mid-brain, it is situated on the ventral aspect 
of the Sylvian aqueduct, below the nuclei of tlie third and fourth mu ves. Its 
connections are imperfectly known, but it consists largely of ascending and 
descending intersegmental or association fibres, which connect the various 
nuclei of the mid- and hind- brains to each other. Many of the descending 

Fto. 7If>. — Scheme of the posterior longitudinal fasciculus ; motor fibres in red, 

sensory, in blue. 




fibres arise in the superior quadrigeminal body, and, after decussating in the 
middle line, terminate in the motor nuclei of the pons and medulla. The 
ascending fibres arise from the cells of the grey matter of the upper part of the 
cord, and from the nuclei in the medulla and pons, and pass, without undergoing 
decussation, to the higher nuclei. Fibres are also carried through the posterior 
longitudinal fasciculus from the nucleus of the sixth nerve into the third nerve 
of the opposite side, and through this nerve to the Internal rectus of the eyeball. 
Again, fibres are said to be prolonged through this fasciculus from the nucleus 
of the third nerve into the seventh nerve, and are distributed to the Orbicularis 
palpebrarum, the Corrugator supercilii, and the Oocipito-irontalis.* 

* A. Bruce andJ. H. Harvey Pirric, ‘ On the Origin of the Facial Nerve,’ JlevU^w of Neurology 
md Psychiatry, vol. vi. No. 12, December 1008, produce weighty evidence against the view that 
the facial nerve derives fibres from the nucleus of the third nerve. 
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(3) The fillet ov lemniscus (fig. 716). — ^Tlie fibres of the fillet have been seen to 
take origin in the gracile and cuneatc nuclei of the medulla oblongata, and to 
cross to the opposite side in the sensory decussation (page 816). They then pass 
upwards through the medulla, in which they are situated behind the pyramidal 
fibres and between the olivary bodies. Here they are joined by the fibres 
of Gowers’ ascending tract, tliese having already undergone decussation in the 
spinal cord. As the fillet ascends, it receives additional fibres from the 
terminal nuclei of the sensory nerves of the opposite side. In the pons, it 
assumes a flattened, ribbon-like af)p(iaraiiee, and is placed on the dorsal aspect 
of the trapezium. In tlie rnid-brain, its outer part is folded backwards and 

Fig. 716. — Scheme showing the course of the fibres of th^llct ; 
mesial hllet in blue, lateral fillet in red. 



forms nearly a riglit angl(5 with its inesial j)ortion ; and hence it is customary 
to speak of llic fillet as consisting of lateral and mesial parts. 

The lateral fillet (lemniscus lateralis) has been seen to come to the surface of 
tile irfid-brain along its lateral sulcus, and to disappear under the inferior 
quadrigeminal body. It consists of fibres which are derived from the terminal 
niJchu of the cochlear division of the auditory nerve, together with others which 
Arise within the superior olive and the trapezoid nucleus. Most of these 
fibres arc crossed, but some are uncrossed. Many of them pass to the inferior 
quadrigeminal body of the same or opposite side ; but others are prolonged 
to the thalamus, and thence through the posterior part of the internal capsule 
to the middle and superior temporal convolutions. 
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The mesial fiUet (lemniscus medialis) comprises that portion of the fillet 
which commences in the gracile and cuneate nuclei of the opi)Osite side, and 
which is joined by Gowers’ tract and by fibres from the terminal nuclei of 
the sensory nerves of tlie opposite side, excepting the cochlear division of tlie 
auditory. In the crus cerebri, a few of its fibres pass upwards in the ^ter 
part of the pes or crusta, on the dorsal aspect of tlio cortico-pontine fibres, 
and reach the lenticular nucleus and the island of lleil. The greater })art c)t 
the mesial fillet, on the otla^r hand, is prolonged through the tegmentum, 
and most of its fibres end in the thalamus ; probably some are continued 
directly througli tlio posterior part of the internal capsule to the ccre_bral 
cortex; From the c;eJls of the thalamus a relay of fibres is prolonged to 

the cei cbral cortex. . _ j. 

Besides these tliree tracts, there are tlie tecfo-sj)i7uil tfuct from the upper 
quadrigeminal body and the rubro-s'pi'nul tract from the red nucleus ; tlmse tiacts 
cross the middle lim^ and are continued downwards into the spinal pni’d. 

Th(i corpora quadrigemina .are four rounded eminences which form the 
dorsal part of the mid-brain. They are situated above and in front of the valve 
of Viemssensand superior pedu rubles of the cerebellum, and below and behind the 
third v(*ntricl(^ and posterior commissure. 7 liey arc^ covered by the spleniuin of 
lli(' cor])us callosum, and arc partly ovcrlapix'd on either side by the inner angle, 
or pulvinar, of the posterior end of the thalamus ; on their lateral aspect, 
under cover of the ]iiilvinar, is an oval eminence, named the internal gc/niculalc 
body. The corpora qiiadrigcrnina art^/ arraiigt^d in pairs (upper and lower), and 
ar(‘ separated from one aiiotluT by a crucial sulcus. The longitudinal jiart of 
this sulcus exiiands su]Kuiorly to form a slight depression wliich siqiports the 
jimtal body, a cone-like structure which i)roji‘cts backwards from tlu^ thalam- 
encc])halon .and partly obscures the upper (piadrigtmiinal bodi(‘S. From the 
lower end of tlu^ longitudinal sulcus, a white band, t(unu‘d tin;- fra'mdnm vch, 
is prolonged downwards to tlu5 valve of \ i(Miss(Mis ; on cither side of this band 
the fourth (jranial nerve cinerg('S, and })asses forwards on the lateral .aspect of 
the (;rus to reach the base of the brain. The ujrper pair (colliculi superiores) 
are larger ajid daiker in colour tlian tlu’ low(‘r, and are oval in shape. The 
lower pair (colliculi inferioi'es) are hemis])heri(*al, and somewhat more piU" 
mineiit thaji tlu^ u])per. Tlie upper quadrigeminal bodies are associated with 
the sense of sight, the lower with that of liearing. Ji’rom the lateral aspect ot 
e.ach of the four bodies, a white band, ternu^d tlu^ hrachiarn. is prolonged upwards 
and forwards. The superior brarhinm (bracliiurn quadrigeminum superius) 
extends outwards from the up[a‘r quadrigemin.al body, and, passing between 
th(i ]mlvinar and internal geniculate body, is j)artly continued into .an 
eminence called the external geniculate body, and partly into the outer 
portion of the optic tr.act. Tlie inferior hrachimn (luacliium quadrigeminum 
inffu'ius) passes forwards and upwards from tlie lower quadrigeminal body, and 
disappcjars under cover of tlie int(u*nal geniculate body. 

In close relationship with tlie corpora quadrigemina are the superior 
pedMUcles of the cerebellum, \A'hich emerge from tla^ uiiper and mesial part of the 
cerebellar hemispheres. They run iqmards and forwards, and, passing under 
the corpora quadrigemina, enter the tegmenta ay already described (page 8 JO). 

Structure of the corpora quadrigemina.— Tlu* lower quadrigeminal 
body (jonsists of a compact nucleus of grey matter containing large and small 
multipolar nerve-cells, and mon* or less eompletely surrounded by white fibres 
derived from tlie lateral fillet. Most of these fibre's end in the grey nucleus ot 
the same side, but some cross the middle line and tferminate in that of the 
opposite side. From the cells of the grey nucleus, fibres are prolonged through 
the inferior brachium into the tegmentum of the crus cerebri, and arc earned 
to the optic thalamus and the cortex of the temporal lobe ; other fibres cross 
the middle line and end in the ojqiosite quadrigeminal body. 

The upper quadrigeminal body is covered by a thin stratum of white fibres, 
termed the stratum zonale, the majority of whose fibres are derived from the 
optic tract. Beneath this is the stratum cinereum, a layer of grey matter which 
resembles a cap : it is semilunar in shape, thicker in the centre thfin at the 
margins, and consists of numerous multipolar nerve-cells, for the most ]>art 
of small size, imbedded in a fine netwoi’k of nerve-fibres. Still deeper is le 
stratum opticum, which contains large multipolar nerve-ceUs, separated by 
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numerous fine nerve-fibres. Finally, there is the stratum lemnisci, which consists 
of fibres derived partly from the fillet and partly from the cells of the stratum 
optic; um ; interspersed among these fibres are many large multipolar nerve- 
c(‘lJs. The two last-named strata are sometimes termed the grey-white layers^ 
from the fact that they consist of both grey and white matter. ()f the afferent 
fibres which reach the superior quadrigeminal body, some are derived from the 
fillet, but the majority have their origin in the retina and are conveyed to it 
through ihesu{)erior brachium ; all cjf them terminate by arborising around the 
cells of the grey matter. Of the fibres which arise from the cells of the grey 
matter, some cross the middle line to the opposite quadrigeminal body ; many 
ase(*nd tlirougli thci sup('rior brachium, anci finally reach the cortex of the 
occipital lobe of tlie cerebrum ; while others, after undergoing decussation (the 
fountain decussation of Meyncrt) form the teclo-spinal tract wJiich descends 
through the formatio reticularis of the mid-brain, pons, and medulla into 
the spinal cord, where it is found partly in the anterior column and partly 
intermingled with the fibres of the rubro-spinal tract. 

The corpora quadrigemina are larger in tlie lower animals than in man. In 
fishes, reptiles, and birds, tlicy arc hollow, and only two in number (corpora 
bigemina) ; tliey represent the superior quadrigeminal s of mammals, and are 
frequently termed the optic lobes, Ijecause of their intimate connection with tlie 
optic tracts. 

The aqueduct of Sylvius (aqua^ductus cerebri) is a narrow canal, 
about fifteen millimetres in length, situated betwe^en the corpora quadrigtmiina 
and tegmenta, and connecting tlie third with tlie fourtli ventricle. Its shape, 
as S(;en in transverse sections, varies at different levels, being T-shaped below, 
triangular above, and oval in the middh;. The (‘cntral part is slightly dilated, 
and was named by Iletzius Xha ventricle of the, mid -bra in. It is lined by ciliated 
columnar epithelium, and is suiTOunded by a layer of grey matter named the 
central grey matter (stratum griseum centrale) of tlie aqueduct : this is continuous 
below witli the gr(\y substance in tlu^ floor of the fourth vc'utricle, and above 
vi'ith that of the third ventricle. Dorsally, it is ])artly separated from tlie 
grey matter of the quadrigeminal bodies by tlie fibres of tlie lemniscus ; ventral 
to it are the posterior longitudinal fasciculus, and the formatio reticularis 
of the tegmentum. Scattered throughout its grey matter are numerous 
nerve-cells of various sizes, interlaced by a network of fine fibres. Besides 
these scattered colls it contains three groups which r*onstitute the nuclei of 
the third and fourth nerves, and the nucleus of the Sylvian or mesencephalic 
root of the fifth nerve. The nucleus of the fifth nerve extends along the (mtire 
length of the aqueduct, and occupies the outer part of the grey substance, 
v\'hile those of the third and fourth are situated in its vemtral part. The 
nucleus of the third nerve measures about im millimetres in length, and lies under 
the upper quadrigeminal body, beyond which, however, it exti'iids for a short 
distance into the grey matter of the third ventricle. The nucleus of the fourth 
nerve is small and nearly circular, and is on a level with a })lane carried 
transversely through tlie upper part of the lower quadrigeminal body. 


THE FORE-BRAIN 

The fore-brain consists of : (J) tho iieiwtphalon or interzbrain, which 
corresponds in a large measure to the third ventricle and the structures which 
bound it ; and (2) thn-XfileniX/i&atow, wliich comprises the largest part of the 
brain, viz. the cerebral hemispheres ; these hemispheres are intimately 
connected with ca(;h other across the middle line, and eaeli cqn%ins a large 
cavity, named the lateral ventricle. The lateral ventricles communicate 
through the foramen of Monro with the third ventricle, but are separated 
from each otlua* by a mesial septum ; this contains a slit-like cavity, the so- 
called fifth ventricle, which, however, has no communication with the other 
brain ventiicles. 

The DIENCE^HALO^ 

The <liencephalon or inter-brain is connected above and in front with 
the cerebral hemispheres ; behind with the raid-brain. Its upper surface 
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is concealed by tlie corpus callosum, and is covered by a fold of pia mater, named 
the velum iriterpositum ; inferiorly it reaches to the base of the brain. 

The dienceplaalon ciojtnprises : (1) the thalamencephalon : (2) the pars 
mamillaria hypothalami ; and (3) tlie posterior part of the third ventricle. 
For descriptive purposes, hovN'evei*, it is more convenient to consider the 
whole of the third ventricle and its boundaries together : this necessitates the 
inclusion, under tliis Jieading, of tlie pars o])tica liyjiothalami and the 
corresponding part of the third ventricle — structures which properly bcilong 
to the telencephalon. 

The thalamencephalon consists of : (1) the thalamus : (2) the meta- 
thalamus or corpora geniculata ; and (3) the epKhalamus, which comprises 
the trigonuni habenula?, the pineal body, and the ])osterior commissure. 


Fio. 717. — The tliird and fourth ventricles. 



The low er arrow' has been [)Iaccd in the aqueduct of Sylvius ; the upper points to the 

foramen of Monro. 

The thalami or optic thalami (figs. 717, 718) are two large ovoid masses, 
situated one on either side of the third ventricle and leaching for some distance 
behind that cavity. Each measures about an inch and a half in length, and 
lirerfents two extremities, an anterior and jiosterior, and four surfaces, superior, 
inferior, internal, and external. 

The arUerior extremify is narrow, directed forwards and inwards, and lies 
close to the middle line, wdiere it forms the posterior boundary of the foramen 
of Monro. 

The posterior extremity is expanded, directed backwards and outwards, 
and overlaps the superior quadrigeminal body. Internally, it presents a 
well-marked angular prominence, the posterior tvbercle or pulvinar^ w'hich 
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is continued externally into an oval swelling, the eximml genimlnte body, 
while beneath the pulvinar, but separated by the superior brachium, is a 
second oval swelling, the internal genicnlaie body. 

The mlpcrior surface is free, slightly eojivox, and covered by a layer of 
white matter, termed the fiiraium zonule. It is separated externally from 
the caudate nucleus by a white band named the tccnia semirirc/ulnris, and by 
the vein of the corpus striatum. It is divided into an inner and an ouUu* portion 
by an oblique shallow furrow which runs from behind forwards and inwards 
and (corresponds As itli the outer margin of the fornix. The part on the outer 
side of the furrow forms a portion of the floor of the lateral ventricle, and is 
cov^eied by the epitJii'lial hning of this cavity. "J’iie part on the inner side 
is covered by the velum niterj)ositum, and excluded from the lateral and 


Fie. 718. — Coronal section of brain immediately in front of pons. 
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third ventricles, and is therefore destitute of an epithelial covering. In front, 
it is separated from tlie internal surface by a salient margin in which are 
contained the fibres of the stria pinealis, and along which the epithelial 
lining of tin) third ventricle is reflected on to the under surface of the velum 
interpositum. Behind, it is limited internally by a groove, the sulcus 
habenulce, which intervenes between it and a smaU triangular area, termed 
the trigonum habcnuloe. 

The inferior surface, rests upon and is continuous with the upward 
prolongation of the tegmentum (subthalamic tegmental region) fm front of wliich 
it is related to the substantia innominaUx of Meynert, 

The internal surface constitutes the upper part of the lateral wall of the 
third ventricle, and is connected to the corresponding surface of the opposite 
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thalamus by a flattened gi*cy band, tlie middle or grey commissure. This com- 
missure averages about one- third of an inch in its antcro-postorior diameter : 
it sometimes consists of two parts and occasionally is absent. It contains 
nerve-cells and nerve-fibres : a few of tlic latter may cross the middle line, 
but most of them j)as8 towards the middle line and then curve outwards on 
the same side. 

The external surface is in contact with a thick band of white matter which 
forms the posterior limb of the internal capsule and separates the thalamus 
from the lenticular nucleus of the corpus striatum. 

Structure. — The thalamus consists chiefly of grey matter, but its upper 
surface is covered by a layer of white matter, named the stratum zo7ialc\ and 
its outer surface by a similar layer termed the external medullary lamina. 


Fia. 710. — Coronal section of brain through middle commissure. 
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Its grey matter is partially subdivided into three parts — anterior, inner and 
outer — by a white layer, tlie internal medullary lamina. The anterior 
part comprises the anterior tuberchi, tlie inner part lies next the lateral wall 
of the third ventricle, while the outer and largest part is interposed between 
the internal and external medullary lamina3 and includes the pulvinar. The 
outer part is traversed by numerous fibres which radiate from the tlialamus 
into the internal capsule, and pass tlirough the latter to the cerebral cortex. 
These thiaee parts are built up of numerous nuclei, the connections of many 
of wliich are imperfectly known. 

Connections. — ^The thalamus may be regarded as a large ganglionic 
mass in which the ascending tracts of the tegmentum and a considerable 
proportion of the fibres of the optic tract end, and from the cells of which 
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numerous fibres (thalamo-cortical) take origiii, and radiate to almost every 
part of the cerebral cortex. The fillet, together with the other longitudinal 
strands of the tegmentum, enters its ventral part: the bundle of Vicq d’Azyr, 
from the corpus albicans, ends in its anterior tubeixde, while many of the 
fibres of the optic tract terminate in its posterior extremity. The thalamus 
also receives numerous fibres (cortico- thalamic) from the cells of the cerebral 
cortex. The fibres which arise from the cells of the thalamus form four 
princ*ipal groups or stalks : (a) those of the animerr stalk pass through the 
anterior limb of the internal capsule to the frontal lobe ; (6) the fibres of 
the posterior stalk or optic radiatUms arise in the pulvinar and arc conveyed 
through the extreme posterior })art of the internal capsule to the occipital 
lobe ; (c) the fibres of the inferior stalk leave the under and mesial surfaces 
of the thalamus, and pass outwards beneath the lenticular nucleus to end 
in the temporal lobe and island of Rcil ; {d) those of the parietal stalk pass 
from the outer nucleus of the thalamus to the parietal lobe. Fibres also extend 
from the thalamus into the corpus striatum— those destined for the caudate 


Fig. 720. — Postero-Jateral view of the hind- and mid-brains. 
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nucleus leave the outer surface, and those for the lenticular nucleus, the inferior 
surface of the thalamus. 

Tlie metathalamus (fig. 720) comyjrises the corpora geniculata, which are 
two in number — an internal and an c^xternal — on (^acli side and have already 
been inferred to in connection with the posterior extremity of the thalamus. 

The internal geniculate body (corpus geniculatum mediale) lies undercover of the 
pulvinar of the thalamus and on the lateral aspect of tlic (jorpora quadrigemina. 
Oval in sliape, with its long axis directed forwards and outwards, it is lighter 
in colour and smaller in size than the external. The inferior brachiurn from 
the low(T quadrigeminal body disappears under cover of it, while from its outer 
extremity a strand of fibres passes to join the optic tracd. Entering it arc 
many acoustic fibres from the lateral fillet. The internal geniculate bodies 
are connected with one another by the commissure of Gudden, Avhich passes 
through the posterior part of the optic commissure. 

The external geniculate body ((jorpus geniculatum laterale). forms an oval 
elevation on the outer part of the posterior extremity of the thalamus, and 
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is connected internally with the upper quadrigeminal body by the superior 
brachium. It is of a dark colour, and presents a laminated arrangement 
consisting of alternate layers of grey and white matter. It receives numerous 
fibres from the optic tract, while other fibres of this tract pass over or through it 
into the pulvinar. Its cells are large and pigmented ; their axons pass to tlie 
visual area in tlic occipital part of the cerebral cortex. 

The upper quadrigeminal body, the pulvinar and the external geniculate 
body receive many fibres from the optic tracts, and are therefore intimately 
connected with sight, constituting what are termed the lower visual centres. 
Extirpation of the eyes in newly born animals entails an arrest of the develop- 
ment of these centres, but has no effect on the internal geniculate or lower 
quadrigeminal bodies. Moreover, the latter are well-developed in tlie mole, 
an animal in which the upper quadrigeminal body is rudimentary. 

The epithalamus comprises the trigonum habenulae, tlie pineal body, 
and the posterior commissure. 

The trigonum hahenulce is a small depressed triangular area situated in front 
of the upper quadrigeminal body and on the lateral aspect of the posterior 
part of the stria pinc^alis. It contains a group of nerve-cells termed the ganglion 
hahenulce. Fibres enter it from the stria pincalis, and others, forming what 
is ternud the '•superior amvmissure ((iommhsura habenularum), pass across 
tlie middle line to the corrcsjionding ganghon of the opposite side. Most of 
its fibres are, however, directed downwards and form a bundle, the fasciculus 
retro fJexus of Meyiiert, which passes on the mesial side of the red nucleus, and, 
after decussating w'ith the corresponding fasciculus of the opposite side, 
ends in the ganglion interpedunculan'. 

The pineal body (corpus pineal(‘) is a small, conical, reddish-grey body 
w'hich lies in the dexiression between the upper quadrigt^minal bodies. It is 
placed beneath the sxileniurn of the corpus callosum, but is separated from this 
by the velum interpositum, the lower layer of which envelops it. It measures 
about one-third of an inch in length, and its base, directed forw^ards, is attached 
by a stalk or peduncle of w^hite matter. The stalk of the pineal body divides 
anteiiorly into two lamime, a dorsal and a ventral, separated from one another 
by the recessus pinealis of the third ventricle. The ventral lamina is con- 
tinuous with the posterior commissure ; the dorsal lamina is continuous wdth 
the (iommissura habenularum and divides into tw^o strands, named the striae 
medullaros, which run forw’ards, one on either side, along the junction of the 
mesial and upper surfaces of the thalamus to blend in front with the anteiior 
pillars of the fornix. 

Structure, — ^The pineal body is destitute of nervous matter, and consists 
of follicles lined by epithelium and enveloped by connective tissue. These 
follicles contain a variable quantity of gritty material named brain sandy 
composed of phosphate and carbonate of calcium, j)ho8phate of magnesia 
and ammonia, and a little animal matter. 

The pinoal body is generally believed to be the homologue of the pineal eye of lizards. 
In these animals it is attached by an elongated stalk and projects through an aperture 
in the roof of the cranium. Its extremity lies immediately under the epidermis, and, 
on microscopic examinibtion, presents in a rudimentary fashion structui;ps similar to those 
found in the eyeball. Recent observations tend to die conclusion that the pineal body 
oiises as a paired structure, probably serially homologous with the paired eyes. 

The posterior commissure (commissura posterior) is a rounded band of 
white fibres which stretches across the middle line on the dorsal aspect of the 

S er end of the Sylvian aqueduct. Its fibres acquire their medullary sheaths 
y , but their connections have not been definitely determined. Most of them 
have their origin in a nucleus, the nucleus of the posterior commissure or nucleus 
of Darkschewitsch, which lies in tlie central grey matter of the upper end of 
the Sylvian aqueduct, in front of the nucleus of the third nerve. Some 
are probably derived from the posterior part of the thalamus and the 
superior quadrigeminal body, while others are believed to be continued 
downwards into the posterior longitudinal bundle. 

The hypothalamus (fig. 721) includes the subthalamic tegmental region 
and the structures whidi form the greater part of the floor of the third 

3i 
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ventricle, viz. the corpora mamillaria, tuber cincreum, infundibulum, pituitary 
body, and optic commissure. 

The svhtnxilcimic tegmental region consists of the upward continuation of 
the tegmentum, which lies on the ventro-lateral aspect of the thalamus and 
separates it from the fibres of the internal capsule. The red nucleus and the 
substantia nigra are prolonged into its lower part ; in front it is continuous 
with the substantia innominata of Mt^yncrt, internally with the grey matter 
of the floor of the tliird ventricle. 

It consists from above downwards of three strata : (1) stratum dorsale, 
dire(^tly applied to the under surface of th(^ thalamus and consisting of fine 
longitudinal fibres ; (2) zo7ia incerta, a continuation forwards of the formatio 
reticularis of the tegmentum ; and (3) the corpus suUholamicum or nucleus 
of Luys, a brownish mass presenting a lenticular shape on transverse section, 
and situate ‘d on the dorsal aspect of the fibres of the crusta ; it is encapsuled 

Ffo. 721. — Mesial sagittal section of brain. The relations of the pia mater are 
indi(;ated by the red colour. 
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by a lamina of nerve-fibres and contains numerous medium-sized nerve-cells 
the connections of whicli are as yet not fully determined. 

The corpora mamillaria are two round white masses, each about the 
size of a small pea, which lie side by side below the grey matter of the 
floor of the third ventricle in front of the locus perforatus posticus. They 
consist of white matter externally and of grey matter internally, the cells of 
the latter forming two nuclei, a mesial of smaller and a lateral of larger cells. 
The white matter is mainly formed by the fibres of the anterior pillars of the 
fornix, which descend to the base of the brain and end partly in the corpora 
mamillaria. From the cells of the grey matter of each mamillary body 
two fasciculi arise; one, the bundle of Vicq d’Azyr, passes upwards into the 
anterior nucleus of the thalamus ; the other is directed downwards into 
the tegmentum. Afferent fibres are believed to reach the corpus mamillare 
from the mesial fillet and from the tegmentum. 
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The Uiber cinereum is a hollow eminence of grey matter situated between 
the corpora mamillaria behind, and the optic commissure in front. Laterally 
it is continuous with the grey matter of the anterior perforated spaces and 
anteriorly with a thin lamina, tlie lamina terminalis. From the under Surface 
of the tuber cinereum a hollow conical process, the infundihulvm, projects 
downwards and forwards and is attached to the posterior lobe of the pituitary 
body. 

In the lateral part of this tuber cinereum is a nucleus of ncrvc-cells, the basal optic 
nucleiLs of Meynert, while close to the cavity of the third ventricle are three additional 
nuclei. 

Between the tuber cinereum and the corpora mamillaria a small elevation, with a 
corresponding depression in the third ventricle, is sometimes scon. Retzius has named 
it the eminentia saccular is, and 
regards it as the representative of 
the saccus vasculosus found in this 
situation in some of the lower 
vertebrates. 

The pituitary body (hypo- 
physis) (fig. 722) is a reddish- 
grey, somewhat oval mass, 
measuring aboiii. half an inch 
in its transverse, and about 
onc-tliird of an inch in its 
ant(To-post(‘rior diann^tiT. It 
is attached to tlu’s (‘xtvemity 
of the infundibulum, and is 
situated in the pituitary fossa 
of the sphenoid bom*, w1i(T(' 
it is retained by a circular fold 
of dura mater, the diaphragma 
s(dJai. This fold almost com- 
])lotely roofs in the pituitary 
fossa, leaving only a small 
central fip(*rtur(^ tJi rough which 
the infundibulum passes. 

The pituitary body consists of an anterior and a posterior lobc^, whicli 
differ from one another in their mode of development and in their structure. 
The anterior lobe is tlie largei-, and is sonu^what kidney-shaped, the concavity 
being directed backwards and embra(‘ing the posterior lobe. It is developed 
from a diverticulum of the ectodenn of the primitive buccal cavity or stoma- 
t,' dfeum (see page 155) . It is highly vascular, and consists essentially of epithelial 
trolls arranged in cord-like trabeculflc or alvcioli, the latter sometimes containing 

a colloid material similar to that found in the alveoli 
of the thyroid body. The posterior lobe is developed 
as a downgrowth from the floor of the embryonic 
brain, and during early f(x»tal life contains a cavity 
continuous witli that of tlie third ventricle. This 
cavity undergoes obliteration and, in the adult, the 
lobe consists of a reticulum of connective tissue with 
branched cells, some of which contain pigment. In 
man tliis lobe contains no nervous elements, but 
in certain of the lower vertebrates (e.g. fishes) 
nervous structures are present, and the lobe is of 
large size. 

Optic commissure. — The optic commissure consists of a flattened, some- 
what quadrilateral band of fibres, which is situated at the junction of the floor 
and anterior wall of the third ventricle. Most of its fibres have their origin in 
the retina, and reach it through the optic nerves, which are continuous with its 
antero-lateral angles. In the commissure, they undergo a partial decussation 
(fig. 723) : those fibres which come from the nasal or inner half of the retina 
decussate and enter the optic tract of the opposite side, while the fibres from the 
temporal or outer half c»f the retina do not undergo decussation, but pass back 
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into the optic tract of the same side. Occupying the posterior part of the 
commissure, however, is a strand of fibres which is not derived from the optic 
nerves ; this constitutes the commissure of Oudden, and has already been 
referred to as forming a connecting link between the internal geniculate 
bodies. 

Optic tracts. — ^The optic tracts are continued backwards and outwards 
from the postero-lateral angles of the optic commissure. Each passes between 
the anterior perforated space and the tuber cinereum, and, winding round 
the ventro-lateral aspect of the crus cerebri, divides into a mesial and a lateral 
root. The former comprises the fibres of Gudden’s commissure. The lateral 
root consists mainly of afferent fibres which arise in the retina and undergo 
partial decussation in tlie optic commissure, as described ; but it also contains 
a few fine efferent fibres w hich have their origins in tluj brain and their ter- 
minations in the retina. When traced baekw’^ards, the fibres of the lateral root 
are found to end in tlie external geniculate body and pulvinar of the optic 
thalamus, and in the upper quadiigeminal body ; and these tliree structures 
constitute tlie lower visual centres. Fibres arise from the nerve-cells in these 
centres, and pass through the hindmost part of the internal capsule, under the 
name of tlie ofilc radiations, to tlie coi'tex of the oi^cipital lobe of the cerebrum, 
where the higher visual centre is situated. Some of the fibres of th(‘ optic 
radiations take an opposite course, arising from tlie cells of the oe(?ipital 
cortex and passing to the low^er visual centres. Some fibres are detached from 
the optic tract, and pass through the crus cerebri to the nucleus of the third 
nerve. TJiese may be regarded as the afferent branches for the Sphincter 
pupillae and Ciliary muscles. Other fibres have bcien described as rea(;liing 
the cerebellum through its superior peduncles ; w'hilc others, again, are lost in 
the pons Varolii. 

The Thikd Venthicle 

The third ventricle (figs. 717, 721) consists of a median cleft betw^eeii the 
two thalami. Beliind, it communicates with the fourth ventricle through llie 
aqueduct of Sylvius, and in front wdth the lateral ventricles through the 
foramen of Monro. Somewhat triangular in shape, with the apex directed 
backwards, it presents a roof, a floor, an anterior and a posterior boundary and 
a pair of lateral w'^alls. 

Fig. 724. — Coronal section of lateral and third ventricles. (Diagrammatic.) 


0 R P u SZZIC A L ^ 


Lateral 

vuntricU 



Velum interposituni 
Veins of Galen 
Epithelial lining of ventricle 


Epithelial lining 
of ventricle 
TVfrt of corpm striatum 
Choroid plexus of 
lateral ventricle 


Choroid plexuses of third ventricle 
Third ventricle 


The roof (fig. 724) is formed by a layer of epithelium, which stretches between 
the upper edgea of the lateral walls of the cavity and is continuous with the 
epithelial lining of the ventricle. It is covered by and adherent to a fold of 
pia mater, named the velum interpositum, from the under surface of which a 
pair of vascular fringed processes, the choroid plexuses of the third ventricle^ 
project downwards, one on either side of the middle line, and invaginate the 
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epithelial roof into the ventricular cavity. When the velum interpositum is 
reflected, the epithelial roof is torn from its lateral attachments and removed 
with it, and the cavity of the ventricle is exposed. 

The jioor slopes downwards and forv^ards and is formed mainly by the 
structuresvwhicli constitute the hypothalamus : from before backw'ards these 
are, the optic commissure, the tuber cinereum and infundibulum, and the 
corpora mamillaria. Behind tlio last, the floor is formed by the locus 
porforatus posticus and the tegmenta of 4he crura cerebri. The ventricle is 
prolonged downwards as a funnel-shaped recess, the receftsus infundihidiy into 
the infundibulum, and to the apex of the latter the pituitary body is attached. 

The anterior boundary is constituted below by the lamina ierminalis, a 
thin layer of grey matter which stretches from the upper surface of the optic 


Fia. 725. — Base of brain. 



commissure to the rostrum of the corpus callosum, and above by the anterior 
pillars of the fornix and the anterior commissure. At the junction of the 
floor and anterior wall, immediately above the optic commissure, the 
ventricle presents a small angular recess or diverticulum, the optic or supra’ 
optic recess. Between the anterior pillars of the fornix and above the 
anterior commissure is a second recess termed the vulva. At the junction 
of the roof and anterior wall of the ventricle, and situated between the 
thalami behind and the anterior pillars of the foniix in front, is Xhc foramen 
of Monro (foramen interventriculare) through which the third communicates 
wdth the lateral ventricles. 

The posterior boundary is constituted by the pineal body, the posterior 
commissure and the aqueduct of Sylvius. A small recess, the recessus pinealisy 
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projects into the stalk of the pineal body, whilst in front of and above, the 
j)inoal body is a second recess, the recesams supra'pinealis^ consisting of a 
diverticulum of the epithelium which forms tne ventricular roof. 

Each lateral wall consists of an upper portion formed by the inner surface 
of the anterior two-thirds of the thalamus and a lower consisting of an 
upward continuation of the grey matter of the ventricular floor. These 
two parts correspond to the alar and basal laminae respectively of tlie lateral 
>N'all of the fore-brain vesicle and are separated from each other by a furrow, 
the sulcus of Monro, which extends from the foramen of Monro to the aqueduct 
of Sylvius (see page 122). The lateral wall is linnted above by a delicate band 
of white fibres, the stria pincalis, which runs forwards along the junction of 
the mesial and upper surfaces of the thalamus to join the corresponding anterior 
pillar of the fornix. The anterior pillars of the fornix (;urve downwards in 
front of the foramen of Momro, and then run in the lateral walls of the ventricle, 
where, at first, they form distinct i>romincnces, but are subsequently lost 
to sight. The lateral walls are joined to each other by a band of grey matter, 
the middle or grey commissure (massa intermedia), which passes across the 
cavity of the ventricle. TJiis commissure varies much in size ; it is sometimes 
duplicated and occasionally is absent. 

Interpeduncular space (fig. 725). — This is a somewhat lozenge-shaped area 
of the base of the brain, limited in front by the optic commissure, behind by 
the antero-suporior surface of the pons, antero-laterally by the converging optic 
tracts and postero-laterally by the diverging crura cerebri. The structures 
contained in it are, from behind forwards, the locus perforatus posticus, 
corpora mamillaria, tuber cinereum, infundibulum and pituitary body, all of 
which have already been described. 

Tiik Telencephalon 

The telencephalon includes : (1) the cerebral hemispheres with their 
cavities, the lateral ventricles ; and (2) the pars optica hypothalami and the 
anterior portion of the third \ cntriele, which hav(^ already b(‘en described 
under the diem^ephalon. As stated in the chai)ter on Embryology (j)age 124), 
each cerebral hemisphere may be dividcnl into three fundamental parts, 
viz. the rhinenceplialon, the (corpus striatum and the neopallium. The 
rhinencephalon, associated with the sense of siiusll, is the oldest part of the 
telencephalon, and forms almost the whole of the hemisphere in some of the 
lower animals (o.g. fishes, amphibians, and reptiles). In man, on the other 
hand, it is rudimentary, whereas the neopallium undergoes great development 
and forms by far the larger part of the hemisj)here. 

The Cerebral Hemispheres 

The. cerebral hemisphueres constitute the largest part of the encephalon, 
and, when viewed together from Jibove, assume the form of a large ovoid 
mass which is broader behind than in front, the greatest transverse diameter 
corresponding with a line conriecting the two parietal eminences. They are 
sepai:ated JOi^siaUy by a deep cleft, named the gjjMJongilMdinal fissure, and 
each possesses a central cavity, named the lateral ventricle. 

Thft grrftat fi3SUre (fissura longitudinalis cerebri) separates 

the cfTebral hemispheres, and contains a sickle-shaped process of dura mater, 
the falx cerebri. In front and behind, the fissure extends from the upper 
to the under surfaces of the hemLspheres and comt)letely severs them, but its 
middle portion only separates them for about one-half of th(‘ir vertical extent ; 
for at this part they are connected across the middle line by a great central 
white commissure, the 

In a median sagittal section (fig. 721) the cut corpufiusajlosum presents the 
appearance of a broad, arched, band. Its thiek i)ost©rior 

oveiJaps the mid-brain, but-is se parat ed from it i(jL.the yjelcta. 
iutjccposituni and the pineal Jbody. Its anterior curved end, termed the g en, u* 
gradually tapers into a thinner portion, the rostrum^ which is continued 
downwards and backwards in front of the ^jJAtcripr ^pommissurc to join the 
lamina terminalis. Arching backwards from immediately Bchnidlthe anterior 
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commissure to the under surface of the spleniifm is a second white band 
named tlie fornix : between this and the corpus callosum are the laminae 
of the s eptum j ffillucidum . enclosing between them the cavity of the so-called 
fifth ventricle. 

Surfaces of the Cerebkal HEMisrHEBES 

Each hemisphere presents thrco-surfaces : an outer, a mesial, and- a lower. 

Tlte ou kt r ^^iu^ce is convey in adaptation to the concavity of the 
corresponding half of the vault of the cranium. The mesial surface, is flat and 
vertical , and is separated from that of the oi)j)osite hemisphere by the great 
longitudinal fissure and the falx eerebri. Tlie lower surface is of an irregular 
form, and may be divided into three areas : aaterior, middle, and posterior. 
The anterip;- area, foj*rned by the orbital: surface of the frontal lobe, is concave, 
and rests on the roof of tlie orbit and nose ; the middle area is convex, and 

Fia. 726. — Convolutions and sulci on the upper surface of the cerebral hemispheres. 



QOnai^ts of the under surface of the temporal lobe : it is adapted to the 
corresponding half of the middle cranial fossa. The posterior area is concave, 
directed inwards as well as downwards, and is named the ienLorial surface, 
since it rests upon the tentorium cerebelli, which* intervenes between it and 
the upper surface of the cerebellum. 

These three surfaces are separated from each other by the following borders : 

supero-me^i aL between the outer and mesial surfaces ; (b) iofi^Qzigi^ral, 
between the outer and inferior surfaces; the anterior part of this border 
separating the outer from the orbital surface, is known as the superciliary 
bord eg^ (c) internal oedpUed, separating the mesial and tentorial surfaces ; and 
(3) separating the orbital from the mesial surface. The 
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anterior extremity of the hemisphere is named the fwxUal pole ; the posterior, 
the occijgital pole-, and the anterior end of the temporal lobe, the temporal pole^ 
About two inches in front of the occipital pole on the infero-lateral border is 
an indentation or notch, named the pre-occipital mtch. 

The surfaces of Uie liemispheres are moulded into a number of irregular 
eminences, named canvoluUom or gyri, and tliese are separated by clefts or 
furrows, termed fissures or sidci. The fisbureb are of t>\o Junds, co mplcta sm d 
incomplete. The former appear early in fcetal life, are few in number, and 
are produced by infoldings of the entire thiekness of the brain- wall, and give 
rise to corresponding elevations in the interior of the ventricle. They comprise 
the hippoGampal or dentate fihsuie, and parts of the calcarine and collateral 
fissures. The incomplete fissures are very numerous, and only indent the central 
white substance, without producing any corresponding elevations in the 
ventricular (*avity. 

The convolutions and their intervening fissures are fairly constant in their 
arrangement ; at tlic same time they vary within certain limits, not only in 
different individuals, but on the two hemiR])liereB of the same brain. The 
convoluted condition of the surface permits of a great increase of the grey 


Fro. 727. — Convolutions and sulci on the external surface of the cerebral hernisphere. 



matter w'ithout the sacrifice of mueli additional space. The number and extent 
of the convolutions, as well as the«depth of the intervening suici, appear to bear 
a direct relation to the intellectual powers of the individual. 

Ceitain of the' fissuri's are utilised for the pur])ose of dividing the hemi- 
spliere into lobes, and are tlierefore termed interlobular ; included under this 
category are the ^sure of Sylvius, the fissure of Rolando, the parieto-oeeipital, 
calcariiie, calloso-marginal, and collateral fissures, -and the sulcus cireularis 
of Reil. 

The fissure of Sylyius (fissura cerebri lateralis) (fig. 727) constitutes a wtII- 
marked cleft on the wdci* and outer surfaces pf tlm hemisphere, and consists 
of audmmUatem w liieh divides into three limbs. The stem is situated on the base 
of the brain, and ( ommeneps ^ the outer aimle of the anterior perforated spot, 
in a depression named the vallecula Svlvii. From this point it extends outwards 
between tlie anterior part of the temporal lobe and the orbital surface of 
the frontal lobe, and reaches the outer surface of tlie hemisphere. Here it 
divides into three limbs : an anterior, an. ascending, and a posterior. The 
anterior limb (r^mus anterior horuemteto) passes forwards for nearly an inch 
into the inferior frontal convolution, while the (ramus anterior 
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ascendens) extends upwards into the same convolution for about an equal 
distance. T he 'posterior limb (ramus posterior) is the longest ; it is carried 
backwards and slightly upwards for about three inches, and terminates by 
an upward inflexion in the parietal lobe. 

The fissure of RnUgrfn (su.1r.uft ficiittalis) (figs. 726, 727) is situated about 
the middle of tli(‘ outer surface of the liemispherc, and eom m^ jg^ep R ip or near 
the^great iungitudixial fissure, a little behind its mi/l-pninf. it runa sinuously 
downward^ audLioiwards, and tenatuuaies a little above the posterior limb of tlie 
fiss ure of By lvius, and about, an, inch behind the ascending limb of. the. same 
fissure. It describes two chief curves : an upper or sv^vrior genu with its 
concavity directed forwards, and a loA\er or ivHrior genu vAih its concavity 
directed backwards. The fissure of Rolando forms an angle opening forwards, 
of about seventy degrees with the mc»sial plane. 

Sb§.P9jiiPtQ“QCCipital fissure (fissura ])arietooccipitalis) (fig. 729). — Only a 
small part of this fissure is seen on tlie outer surface of the liemisphere, its chic'f 
part being situated on the mesial surface. That on the outer suHacc* is usually 
named the external, and that on the mesial aspect the internal parieto-occipital 
fissure. 

The external parieto-occipital fissure is situated jibout two inches from 
the po&tez’ior cxtrcuiity or occipital pole of the hemis])}iere, and extends on 
to the outer surface for about half an inch. 

Tlie irhtLxnal parietO'OCcipilal fissure runs downwards and forwards as a deep 
cleft on the mesial surface of the hemisphert', and joins the calcarine fissure 
below and bchiud the posterior end of the corpus callosum. On separating 
the lips of this fissure, it will be seen in most cast's to contain a submerged 
eon volution. 

TkfA-g^lrap^#> ficQiiri* (fissura calcarina) (fig. 729) is situated on the mesial 
surface ollhe hcmi&plKere. T t begins near the occipital pole in a bifid extremity, 
and runs almost horizontally forward to a point a little below the splcnium of 
the corpus callosum : it is jo ined at an acute angle by the internal parieto- 
occi])ital fissurt*. 

The calloso-marginal fissure (aidaguail^vh) (%• '29) is situated oajtbc 
mgsiai surfact' of the hemisphere ; it commences below the anterior end of the 
corpus culloHum and runs uj^wards and forwards nearly parallel to the rostrum of 
this body and, curving in front of the genu, is continued backwards above 
the eoipusctallosum, and finally ascends to the upper margin of the hemisphere 
a short .distauca behind the upper extremity of the fissure .of Rolando. It 
sej>aratcs the niarginal convolution from the eallosal eonvolutioji. 

The collateral fissure (fissura collaterahs) (fig. 729) is situated on the 
tentor ial surface of tin* licinisjdiere, and extends frimi ;j.eav Uie occipital to 
with in a shojt distance of the -temporal pole. Jlehindt it lies below and to 
tlie-outei side of tlia calcarhie fiasiue, from ^^llicb it is separated by th(‘ gyrus 
lingual is ; in..lji:Qnt, it is situated between the hippocampal convolution and 
the anterior part of the t emporo-occijjit al . co nvolution. 

The sulcus circularis of Reil (fig. 731) is situated on the lower and lateral 
surfaces of the hemisphere : it surrounds the island of Reil and separates 
it from the frontal^ parietal and temporal lob^s. 

Lobes of the hemispheres. — By means of these fissures, assisted by 
certain arbitrary lines, each hemisphere is divided into the following lobes : 
the frontal, the 'parietal, the temporal, the occipital, the limhic, and the insula, 
or island of Beil, The first four of these lobes an* named after the bones of 
the skull with which they are chiefly in relation, but it must be borne in mind 
that their limits do not correspond accurately with the margins of these bones. 

Ifjontal lobe (lobus frontalis). — On Jtbe outer surface of the hemisphere 
this lobe extenSs irbin the froutal pole to the fissure of Rolando, the latter 
separating it from the parietal lobe. Bglpw, it is limi]bed by the posterior limb 
of.lhafia^e of JSylvius, which intervenes between it and the temporal lobe. 
On the mesial surface, it is separated from the limbic lobe by the callo«o-m^giual 
figure ; and on the under surface, it is bounded behind by the posterior limb of 
the-S^dsiaa fisiari). 

frontal lobe (fig. 727) is traversed by three sul(*i which 
divide it^ntoTq^c ^ : the .sulci are named the precentral, and the 

superior andf while the convolutions are the precentral, and 
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tihft The sulcus runs parallel 

to the fissure of Rolando, and is usually divided into an upper -andr a 
lower part. It forms the anterior limit of a convolution, which lies between 
it and the fissure of Rolando, and which is called the 'precentral convolution. 
From it two sulci, the superior and inferior frontal, run forwards and downwards, 
and divide the remainder of the outer surface of the lobe into three parallel 
convolutions, named, respectively, the superior, middle, and inferior frontal 
convol'idions. 

The 'precentral convolution (fy yrus c entralis anterior) is a simple convolution, 
bounded in front by the precentrar sulcus, behind by ihe fissure of Rolando, and 
extending from the supero-mesial border of the liemisphere to the posterior 
limb of the fissure of Sylvius. 

The superior frontal convolution (gyrus frontalis superior) is situated 
between the margin of tiie longitudina.l1fesuF(~and^ireT?lTprfTor“frontal sulcus. 

Fig. 728. — Convolutions and sulci on the under surface of the frontal lobe. 



It is continuous on the Inogr iispect of the hemisphere with the marginal 
convolution, and on the orbital surface with the internal orbital convolution. 
It is usually more or less completely subdivided into an upper and a lower 
part by an antcro-posterior sulcus, the sulcus poramesialis, which, however, 
is frequ(‘ntly interrupted by bridging convolutions. 

The middle frontal convolviion (gyrus frontalis medius) is situated between 
the superior and inferior frontal sulci, and is continu.Qua,with tb,o.,anterior 
orbitajUaonvolution on the lower surface of the hemisphere. It is frequently 
suSdivided into two by a horizontal sulcus which terminates anteriorly in a 
wide bifurcation, the sulcus Jroydalis medius of Ebcrstaller. 

The inferior frontal convolution (gyrus froiitaUs .inferior) is situated below 
the inferior frontal sulcus, and extends forwards from the lower part of the 
precentral sulcus ; it is continuous with the external and posterior orbital 
convolutions on the under surface of the lobe. It is suhdiyided 
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tbe..fiflfl]me Qi ifitou,ttoBfl BartaUiyiz- •* (l) 

o^fiwu^elow the anterior limb of the fissure; (2) the pars triangularis (*cap* 
of Broca), between the two limbs ; and (3) the pars basilaris, behind the 
ascending limb. 

The Iciftiafarior frontal oonvolution is, as a rule, more highly developed than 
the right, and is named the rj ^wiluUon nf l^rucji. from the fact that in 1861 
Bioea discovered.. ttuUJi ttfi speecli. 

1^he undtr of the frontal lobe is concave, and rests on the 

oi l)it<il plate oiThl^ffoiitanrlone (fig. 728). It is divided into four convolutions 
(gyii orbitales) by a \\ t jj-marked Hc&haped sulcus, orhitdlis. These 

are named, from their position, tho-iiikrwa/, anitrior, Lxlunwl, and posterior 
QdtiLuixiUiUioluLioJis, Thr inljarmil-uLbital convolution iiresents a well-marked 
ant(‘r(i posterior groove or sulcus, the sukus oljaclorius, for the olfactory tract ; 
tli(' portion internal to iliis is named th(‘ gyrus rectus, and is continuous vith 
t]H‘ maiginal gyrus on tlu' mesial surface. 

The mesial nr aw; of tlie frontal lobe is occupied by a single 

its situation is t(‘rmed tlu* umir gin al gyrus 
(fig. 729). It commcntv44fe m front of the a iterior perforated space, ruJttsJuong 
th(‘ niaigin of the longitudinal fissure on the mesial surface of the oibital 


I’lc. 729.— Mchial suilace ol lelt cciebr.il hcmispliere. 



lobe, here it is contmuous ^^itll the internal orbital convolution; it then 
ascends, and runs backwards to tlie i>oint vhere the calloso-marginal fissure 
turns upwards to reach the superior bolder of the hemisphc're. XhujUiPaterior 
jiiTVtnidii thin convolution is somctimc's maikcd ofi by a vertical fissure, and is 
distinguislied as tlic paracaikal lohulf (lobulus paracentralis), because it is 
continuous i\ith tliosc convolutions vhicJi he imniediatoly in front of and 
beliind tlie central fissuic or fissure of Bolando. 

RMtftblLbS^ The parietal lobe (Johns parietal is) forms a part of both the 
outer andmcsial surfaces of the hemisphere. It is separated from the frontal 
lobe by the fissure of Rolando, but its boundaries below and behind are not 
so dctirut(\ Popteriorlv . it is hiuited by the external parieto-occipital fissure, 
and by .a Ihic. CMTlcdlacross tJift h^iisphcre from the outer end of this fissure 
towards the prpocrrpTtal iw Mn. BbIh-w, it is separated from the temporal lobe 
by the posterior limb gf the fi 3 aurc.of Sylvius, and by. a line earned backwards 
from tlie horizontal part of^ihin iissux'e to meet the line passing downwai’ds to 
the prc-ocfijpitaLu^toli. 

The oukrsui^cc of the parietal lobe (fig. 727) is cleft by a well-marked furrow, 
the intra^fS&atsulcus Tumcr^which cpnsists of an oblique and a horizontal 
p$2£th2P* The oblique part is named the sulcus postccntralis, and commences 
below, about midway between the lower end of the fissure of Rolando and the 
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upturned end of the fissure of Sylvius. It runs upwards and backwards, 
parallel to the fissure of Rolando, and is sometimes divided into an wp^per and a 
lower ramus. It forms the posterior limit of the postcentral convolution. 

From about the middle of the postcentral sulcus, or from tlie upper end of 
its inferior ramus, the }tmizontdL.poriioii of the intraparietal sulcus is carried 
backwards and slightly upwards on the parietal lobe, and is.,. prolonged, . jjuulcr 
the name of the ramus occipitalis, on to the occipitalJabe ; here it divides into 
Jto parts, which form nearly a. ri^t,-angle with the main stem and constitute 
the sulcus occipitalis transversus. The part of the parietal lobe above the 
horizontal ramus is named tlie superior parietal convolution ; the part below, 
the inferior parietal convolution. 

The 'f^stcpMtral convolution (g yrus cen tralis posterior) extends from the great 
longitudinal fissure above to the horizontal limb of the fissure of Sylvius below. 
It lies parallel with the ascending frontal or precentral convolution, with wliich 
it is connected below, and also, sometimes, above, the fissure of Rolando. 

The superior parietal,<^nvQlViiion (lobulus parietalis superior) is bounded in 
front by the upj^er part of tlu^ postc^entral sulcus which lies between it and the 
postcentral convolution, but it is usually conueeti'd with this latter above the upper 
extremity of the sulcus ; behind, it is bounded by the external parieio-occipital 
fissure, outside the termination of wliich it is joined to the occipital lobe by a 
narrow convolution, the arcus parieio-occipitalis ; below, it is separated from 
the inferior parietal convolution by the horizontal portion of the intraparietal 
sulcus ; and above, it is continuous on the inner surface of the hemisphere with 
tJie precuneus or quadrate lobe. 

The injerior parietal convolution lies below the horizontal ramus, and behind 
the lower part of the post-central sulcus. It is duuded from before backwards 
into three convolutions. One, the siipmmaxginah arches over the upturned 
end of the fissure of Sylvius ; it is continuous in front with tlui post-central 
convolution, and behind witli the superior temporal convolution. The second, 
the arclies over the posterior end of tlie superior temporal or jiarallel 

sulcus, behind which it is continuous with the middle temporal convolution. 
The third, the postj^rietal, curves round the end of the second temporal sulcus, 
and is continuous witK the third temporal convolution. 

The internal or mesial surface of the parietal lobe (fig. 729) is continuous 
with the external surface, over the supero-mesial border of the hemisphere. It 
is bounded behind by the internal parieto-occipital fissure ; in front, by the 
upturned end of the calloso-marginal fissure ; and below , it is separated from 
the limbic lobe by the sulcus sub parietalis. It is of small size, and consists of a 
square-shaped convolution, wliich is termed the q ua d ra t e precuneus. 

Occipital lobe. — ^The occipital lobe(lobus occipitalis) is small and pyi'amidal 
in sl^pe ; it presents thr ee, su rfaces : askM^mter, a mesial, and a4.cntoi;ial. 

The outer surface is limited in front by thomicternal parieto-occipital fissure, ^ 
and by aline earned from the outer end of this fissure to the pre-occipital notch. 
This surface is traversed by the iransY,eBfta»,^qipital and the lateral occipital 
sulci. The sulcus oocipiUMi^Mansversus is continuous with the posterior end of 
the ramus occipitalis of the intraparietal sulcus, and runs across the upper part 
of the lobe, a short distance behind the external parii^to-occipital fissure. The 
sulcus occipitalis lateralis extends from behind forwards, and divides the outer 
surface of the occipital lobe into an upper and a lower convolution, which 
are continuous in front with the parietal and temporal lobes.* 

The mesial surface of the occipital lobe is bounded in front by the internal 
parieto-occipital fissure, and is traversed by the caicaxineu-fiasure, which sub- 
divides it into the cuneus and the lingual lohule. 'll]iJd calearinc fissure (fissnra 
calcarina) commences near the occipital pole in a bifid extremity ; it runs 
almost horizontally forwards, and ends in the substance of the limbic lobe, 
a little below th(j posterior extremity of the corpus callosum. It is joined g-t an 
acute angle by the internal parieto-occipital fissure, and the wedge-shaped area 
between the tw^o fissures is named the cuneus. The anterior portion of the 
calcarine fissure gives rise to the prominence of the hippocampm^ miVtOr, or 
caJldW:,jam8, in the interior of the lateral ventricle. The lirkgval lobule (gyrus 


* Elliot Smith lias named the lateral occipital sulcus the mlcus Imuitm ; he regards it as 
the representative, in the human brain, of the ‘ Affenspalte’ of the brain of the ape. 
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iisi^ure, and extends, t-hierefore, on to the tentorial surface. Behind, it reaches 
the occipital pole ; in front, it is continued on to the tentorial surface of the 
temporal lobe, and joins, the. hippocampal convolution. 

Theifiwionai surf act of the occipitaliobe is limited in front by an imaginary 
line carried inwards from the pre-occipital notch, and consists of the posterior 
part of the occipito-temporal convolution and tlie lower part of the lingual lobule, 
which arc separated from each oth(^r by the posterior segmi'iit of the collateral 
fissure. 

Temporal lobe. — Tho temporal lobe (lobus temporalis) presents upper, 
and tentorial- surfaces. 

The upper surface form the lower limit of the fissure of Sylvius, and overlaps 
tht^island of Jieil. On opening out the fissure of Sylvius, three or four gyri 
will be seen springing from the depth of the hiridcT end of the fissure, and 
running obliquely forwards and oiitv\ ards on the posterior part of the upper 
surface of the first temporal convolution ; these are named the gyri temporales 
iransversi or gyri of Heschl (fig. 730). 


Fig. 730. — Section of brain showing upper surface of tenq)oi‘al lobe. 



The outer surface (fig. 727) is Ijpwded. above by the posterior limb of the 
fissure of Sylvius, and by tlic imaginary line continued backwards from it ; below% 
it is limited by th(f infero-lateral border of the hemisphere. It is divided.into 
superior^.TP^dHlft^ Ky Lwo sulci, wliich are termed the 

fijsLand secpn.d.. temporal sulci. T he first kmm ral suicus (sulcus temporalis 
superior) runs from before backwards through the temporal lobe, some little 
distance below, but parallel with, the posterior limb of the fissure of Sylvius ; 
and hence it is often termed the pargUel^^idcus- T^.siecond temporal. sulcus 
(sulcus temporalis medius) takes the same direction as the first, but is situated 
at a lower level, and is usually subdivided into two or more parts. The superior 
temporal convolution (gyrus "temporalis superior) lies between the posterior 
limb of the fissure of Sylvius and the parallel sulcus, and is continuous behind 
with the supra-marginal and angular convolutions. The middle temporal 
convolution (gyrus temporalis medius) is placed between the first and second 
temporal sulci, and is joined posteriorly with the angular and postparietal 
convolutions. The inferior temporal convolution (gyrus temporalis inferior) is 
placed below the second temporal sulcus, and is connected behind with the 
lower occipital convolution ; it also extends round the infero-lateral border 
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on to the tentorial surface, wliere it is limited by the occipito-temporal suleos 
about to be described. 

Tlie tentorial surface is concave, looks downwards and inwards, and is 
directly continuous posteriorly with tlie tentorial surface of the occipital lobe. 
It is traversed by the occifiUo-tempomi sulcus (sulcus temporalis inferior) which 
extends from near the occipital pole behind, to within a sliort distance of the 
temporal pole in front, but is frequently subdivided by bridging gyri. To the 
outer side of this fissure is the narrow tentorial part of the third temporal 
convolution, and to its inner side the occipito-tempm'al convolution, which 
extends from the occipital to the temporal pole. This convolution is limited 
internally by the collateral fissure, which separates it from the lingual lobule 
behind and from the hippocampal convolution of the limbic lobe in front. 

The insula^pr island of. Reil (fig. 731), lies deeply in the Sylvian fissure, and 
can only be seen when the lips of that fissun^ are widely separated, sin(;e it is 
overlapped and hidden by the convolutions whi(?h bound the fissure. These 
convolutions are termed the opercula of ihei nsuLa \ tliey are separated from each 
other by tlic three limbs of tlic Sylvian fissure, and named tlie orbital, frp^ntal, 
fronto-parietal, and temporal opercula. The orbital lies below the 

antcl^ior linib of tlie fissure, iha frontal between tlic anterior and ascending 


Fia. 731. — The island of Reil. Left side. The overlapping parts of the hemisphere 

have been removed. 



1, 2, 3. Oyri brevea. 4, 6. Gyrus longus, bifurouted at its upper extreuiity. Between the gyri brevea 

and the gyrus longus is seen the sulcus centralis. 1 


limbs, tho fronto-parietal between the ascending limb and the upturned end of 
the posterior limb, and the temporal below the posterior limb. The frontal 
operculum is of small size when the anterior and ascending limbs of the 
fissure of Sylvius arise from a common stem which lies between the orbital 
and fronto-parietal opercula. The island of Reil is surrounded by a deep 
limiting sulcus (sulcus circuhiris) which separates it from the frontal, parietal, 
and temporal lobes. When the opercula have been removed it presents 
the form of a triangular eminence, the apex of which is directed downwards 
and inwards towards the anterior perforated space. It is divided into a 
precentral and ^ postcentral lobe by the sulcus centralis, which runs backwards 
and upwards from the apex of the insula. The precentral lobe is further 
subdivided by shallow sulci into thrcjc or four short convolutions, the gyri 
breves insulae, wliile the postcentral lobe is named the gyrus longus insulae, 
and is often bifurcated at its upper extremity. The grev matter of the insula 
is continuous with that of the different opercula, while its deep surface 
corresponds with the lenticular nucleus of the corpus striatum. 

Uttlhir,,iO,hf (fig- 729). — The term limbic lobe {grande lobe limbique) was 
introduced by Broca in 1878, and under it he included the callosal and 
hippocampal convolutions, which together arch round the corpus callosum and 
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the dentate or hippocampal fissure. These he separated on the morphological 
ground that they are well developed in animals possessing a keen sense of smell 
(osmatic animals), such as the dog and fox. They were thus regarded as a 
part of the rhincncephalon, but it is liow recognised that they belong to the 
neopallium ; the callosal convolution is therefore sometimes described as a 
part of tlie frontal lobe and the hippocampal convolution as a part of the 
temporal lobe. 

The callosal c oTivo lution (gyrus einguli) is an arch-shaped convolution, lying 
in close relation to the superficial surface of the corpus callosum, from which 
it is separated by a slit-like fissure, the ggUosal fissure. It commences below the 
rostrum of the e.orpus callosum, curves round in front of the genu, extends along 
the upper surfac^e of the body, and finally turns do wnAvards behind the 
Rplenium, where it is connected by a narrow isthm'iis with the gyrus hippocampi. 
It is separated from the marginal convolution by th(^ calloso-marginal sulcus, 
and from the quadrate lobe by the subpariotal sulcus. 

The hApipocam'j)al .convolution (gyrus hippocairq)il is bounded above by the 
hippocampal or dentate fijssun*, and below by the anterior ptart of the collateral 
fissure. Behind, it is continuous superioHy, through the isthmus, with the 
callosal convolution, and infc'riorly Avith tlie lingual lobule. Running in the 
substance of the callosal and hipjiocampal convolutions, and connecting them 
together, is a tract of arched fibres, named the ciugulmn. The anterior 
extremity of the hippocampal convolution is recurved in tlie form of a hook, 
named tlui uncus, AvJiich is separat(‘d from the apex of tlui temporal lobe by a 
sliirht fissure, the* incisnra If rYiporalis. Although superficially continuous Avith 
th(‘ hijipociampal convolution the uncus forms morpholcjgieally a part of the 
rhi lienee phalon. 

The dentate or hipppcampal fissure eommciices imnu‘(liately behind 
the posterior extremity of the CoTqnjs callosum, and runs foiwards betwc'cn 
the hippocanqial and dental (‘ convolutions to teiininate in the uncus. It 
is a complete fissure (see jiage S5G), and givers rise to the promimmee of thc' 
hippocampus major in the descending horn of the lateral venlricle. 

Rhtnenori’Halon (fig. 732) 

The rhinencephalon compris<^s the olfactory lobe, the uncus, the sub- 
callosal, supracallosal, and dentate gyri, the septum pellucidum, the fornix, and 
the hippocanifuis major. 

Fig. 732. — Scheme of rhinencephalon. 


(ij/rns sujn'iicniiosu s 



1. The olfactory 3obc is situated on the under surface of the frontal lobe. 
In many vertebrates it constitutes a well-marked portion of the hemisphere 
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and encloses an extension of the anterior horn of the lateral ventricle ; hut in 
inan and some other mammals it is rudimentary. It consists of the olfactory 
bulb, the olfactory tract, the trigonum olfactorium, the area of Broca, and t}ie 
anterior perforated space. 

(a) The olfactory bulb (bulbus olfactorius) is ttn oval, reddish-grey mass 
which rests on the cribriform plate of the ethmoid and forms the anterior 
expanded extr€*niity of the olfactory tract. Its under surface receives the 
olfactory nerves, which pass upwards through the cribriform plate from 
the olfactory region of tlie nose. Its minute structure is described on 
page 883. 

(b) The olfactory tract (tractus olfactorius) is a narrow white band, 
triangular on transverse section, the apex being directed upwards. It lies in 
the olfactory sulcus on the under surface of the frontal lobe, and Avhen traced 
backwards is seen to divide into tAvo roots, an outer and an inner. Tlie outer 
root is directed across the lateral part of the anterior perforated space and then 
bends abruptly inwards tOAA^ards the uncus of the gyrus hippocampi. The 
inner root turns iiiAvards behind Broca’s area and ends in thc^ subcallosal gyrus ; 
in some cases a small niiddle root is seen running backAA'ards to the anterior 
perforated space. 

(c) Tlie trigonum olfactorium is a small triangular area in front of the 
anterior perforated space. Its apex, directed forwards, occupies the posterior 
part of the olfactory sulcus, and is brought into vicAV by turning backw ards the 
olfactory tract. 

{d) The area of Broca (parolfactory area) is a sriiall triangular fi(*ld on the 
mesial surface of the hemisphere in front of the gyrus subcallosus ; it is 
continuous below with the trigonum olfactorium, and above and in front aaIIIi 
tlie callosal convolution. 

(e) The anterior perforated space is an irregularly quadrilateral area in 
front of the optic tract and Ix^liind the trigonum olfactorium, from A\iiieh it 
is separated by the Jlssura prima ; internally it is continuous A\ith the lamina 
terminalis ; externally it is bounded by the outer* root of the olfactory tract. 
Its grey matter is continuous above Avith that of tin; corpus striatum, and is 
perforated anteriorly by numerous small blood-vessels, its posterior part 
assumes the form of a whitish band, the diagonal band of Broca ^ continued in 
front into the gyrus subcallosus and behind into the temporal lobe. 

2. The uncus has already been desci’ibed (page 863) as the recurved, hook- 
like portion of the hippocampal convolution. 

3. The subcallosal, supracallosal, and dentate gyri form a rudimentmy 
arch-shaped lamina of grey matter which establishes a circuitous connection 
betAveen the diagonal band of Broca and the uncus. 

(a) The subcallosal gyrus or peduncle of the corpus callosum is a narroAV 
lamina on the mesial surface of the hemisphere in front of the lamina teiTuinalis, 
behind the area of Broca, and beloAV the rostrum of the corpus callosum. 
It is continuous around the genu of the corpus callosum wntJi the gyrus 
supracallosus and below with the diagonal band of Broca. 

(h) The supracallosal gyrus or indusium griscum consists of a thin, atrophic 
layer of grey matter in contact with the upper surface of the corpus callosum 
and continuous laterally A\ith the grey matter of the callosal' convolution. It 
contains tAvo longitudinally directed strands of fibres termed respectively the 
mesial longitudinal strim or strice Lancisi and the lateral longitudinal striee 6r 
tcenicB tectw. The supracallosal gyrus is prolonged round the splonium of the 
corpus callosum as a delicate lamina, the fascMa cinerea, Avliich is continuous 
in front A\nth the dentate gyrus. 

(c) The dentate gyrus is a narrow band which extends downwards and 
forAA'ards above the hippocampal convolution, from which it is separated by the 
hippocampal or dentate fissure. Its free margin is notched and overlapped by 
the fimbria — the fimbrio-dentate fissure intervening. Anteriorly the dentate 
gyrus is continued into the notch produced by the recurving of the uncus, 
where it forms a sharp bend and is then continued as a delicate band, the band 
of Oiacomini, OA’^er the uncus, on the outer surface of which it is lost. 

The remaining parts of the rhinencephalon, viz. the septum pt^llucidum, 
fornix, and hippocampus major, w ill be described in connection with the lateral 
ventricle. 
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INTS&IOR OF TH% OEBEBBAL HEMISPHERES 

Intebiok of the Cerebral Hemispheres 

the uppei part of eithei hemisphere be removed with a knife, at a level 
about half an inch above ttai§ corpus callosum, the mtemal white matter will be 
exposed. It lb an oval-shapj^d centre of white substance surrounded by a 
narrow convoluted margin of grey matter of almost unifoiiu thicknesb The 
white_i2fillfcral mas^has oeen c^ed thQ^jertfrum ovale mtmhs. Its surface is 
studded with nuiWrous minute red dots (puncta vascvlosa), produced by the 
escape of blood from divided blood-vessels , in inflammation or great congestion 
of the brain these are very numerous, and of a daik colour If the remaining 
poitions of the hemispheres be shghtly drawn apart a broad band of white 
substance will be observed, coimecting them at the bottom of the longitudinal 
Assure; tins is the c orpus callosum The margins of the hemispheres which 


Fig. 733. — Coipus callosum fiom above 



overlap it are called tlie labta j^erebn, Edcli labium is pait of the callosal 
convolution already described , and the bht-like mterval between it and the 
upper surface of the corpus i allosuiu is termed the callosal Ji^sure (fig 729). If 
the hemispheies be shced off to a level w'^ith the upper surface of the corpus 
callosum, the white substance of lhat structure wiU be seen connecting the 
two hemispheres. The large expanse of medullary matter now" exposed, 
surrounded by the convoluted margin of grey substance, is called the centrum 
ovalsjoMi^fUS. ~ 

The corpu s call osum (fig. 733) is the great transverse commibbure which 
umteVi^e oSt^BfSIt Vinhispheres and roofs in the lateral ventncles A good 
conception of its position and size is obtained by examming a mesial section 
of the bram (fig. 721), when it is seen to form an arched structure about four 
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inches in length. Its anterior extremity reaches to within about j 
a half of the frontal pole,’ and its posterior extremity about t^ 
inches from the occipital pole of the hemisphere. ^ ^ ^ 

Xha wnterior extremity is named the qenui. and is bent downi^buds mA 
backwards in front of the septum pellucidum ; diiiMishing rapidly ini|||dckness. 
it is prolonged backwards, under the name of the which is oqnneyJtod 

bdow with the lamina terminalis. The anterior coreD**al arteries are in^contact 
with the under asjpect of the rostrum ; they '“ihen arch tho front of the 
genu, and are carried backwards above tho body of the carpus call6sum. 

ijlie posterior extremity is termed the spleniyjn^ and constitutes the thickest 
part of the corpus callosum. It overlaps tho velum interpositum and the mid- 
brain, and terminates in a thick, convex, free border. When a mesial section 
of tho splenium is examined, it is seen that the posterior end of the corpus 
callosum is acutely bent forwards, the upj)er and lower parts being appli(*d 
to each other. 

Thevp^r surface is convex from before backwards, and is nearly an inch 
in width. Its mesial part^ forms the bottom of tho great longitudinal fissure. 


Fio. 734. — Scheme showing relations of tho ventricles to the surface of the brain. 



and is in contact posteriorly witli the low^or border of the falx cerebri. Laterally 
it ih overlapped by the callosal convolution, but is separated from it by the 
slit-like callosal fissure. It is traversed by numerous ridges and furrows, and 
is covered by a thin layer of grey matter, the gyrus supracaUosus, which 
exhibits on either side of the midddo line the mesial and lateral longitudinal 
stiiap, already described (page 864). 

The lower surface is concave, and forms on either side of the middle line 
tho roof of the lateral ventricle. MesiaUy, this surface is attached in front 
to tho septum pellucidum ; behind this it is fused with the upper surface 
of the body of the fornix, while the splenium is in contact with the velum 
interpositum. 

On either side, the fibres of the corpus callosum radiate in the white 
substance and pass to the various parts of the cerebral cortex. The part of 
the corpus callosum which curves forwards from the genu into the frontal 
lobes is called the forceps mirurr. The part which curves backwards from the 
splenium into the occipital lobes is known as the /oresps major. Between these 
two parts is the main body of the fibres which constitute tho tapeiwm or mat ; 
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tHE I^T^|!KAL VENTRICLES 


> on either side into the temporal lobe, and covers in the 

pIH Ll^Bpro Wntrielf> g (vcntriculi laterales) (%. 736). — The lateral 
( two. in numbe^ right and left, are irregular cavities situated in 
and inner partPbf the cerebral hemisphwes, one on either side of 
^he mi^e lino. They are separat ed from each other l;)v a mesial vertical 
{^partition, the se ptun^ fellu cidum, but communicate with the third ventricle ^and 
mdirectly with other thr«gh the foramen o/ Monro,* They are lin^ Jav 
a thin, diaphanous membrane, the which is covered by ciliated 

epithelium, and moistened by cerebro-spinal fluid, which, even in health, 
may be secreted in considerable amount. Each lateral ventricle consiata of a 


ity nr hody^ and three ^^elongations from it, termed cornua . The 
:nu curves forwards ana outwards into the frontal lobe ; the nog- 


aw/enoruCornu curves forwards am 
ffiraor backwards and inwards into 


the occipital lobe ; and the mid^e Fio. 735. — ^Drawing of a cast of the ventricular 
descends into the temporal lobe. cavities viewed from above. (Testut.) 

The,. body (pars centralis) (fig. 

736) of the lateral ventricle extends 


from the foramen of Monro to the 
splenium of the corpus callosum. 
It is an irregularly curved cavity, 
triangular in shape on transverse 
section, and prese^t g g, ~ ^ 
&2ar» and an inner wall. Its roof 
is formed by the under surla^ of 
the corpus callosum ; its flopr is 
formed by the following parts, 
enumerated in their order of posi- 
tion, from before backwards : tlic* 
caudate mwleus of ifm corpus 
striatum, the toenia smkicitQuioris 
and the vein of the cor^pus striatum, 
the outer portion of the upper sur- 
face of the thalamus, the choroid 
plexus, and the lateral part of the 
fornix ; its inner wall is the pos- 
terior part of the septum pelluci- 
duni, which separates it from the 
opposite ventricle, and connects 
the under surface of the corpus 
callosum with tlie fornix. 

The... anterioc. .cornu (cornu 
anterius) passes forwards and out- 
wards, with a slight inclination 
downwards, from the foramen of 
Monro into the frontal lobe, eurv ■ 


, a', a". The tliree horn^ — anterior, posterior, and middle — of 
the left lateral ventru’lo. &. Third ventride. c. Fourth 
A^entricle. d. Uornmenccinent of central canal of cord. 1. In- 
fern)r angle of fourth ventricle, 2. Superior angle. 3. Lateral 
angle. 4. Sylvian aqueduct. 6. Uecessus suprapinejilis. 
fi. N'lilva. 7. Junction of descending and postcTior lioriis. 



ing round the anterior extremity 

of the caudate nucleus. It is bQ V ^ndpd above by the corpus callosum, and 
below by the upper surface of the rcflecieH portion of this, the rostrum. It is 
bounded ini^maJly by the anterior portion of the septum pellucidum, and 
ejiSjmlly by the head of the caudate nucleus of the corpus striatum. 
reaches the "posterior surface of the genu of the corpus callosum (fig. 741). 

The po§|gripr cornu (cornu posterius) (figs. 736, 737) passes into the occipital 
lobe, its direct ibliibeihg backwards and outwards , and then inwards ; its concavity 
is therefore directed inwards. Its ^nnf V by the fibres of the corpus 

callosum passing to the temporal and occipital lobes. On its inner wall is seen 
a longituinal eminence, which is an involution of the ventricular wall pro- 
duced by the calcarine fissure ; this is called the hippofcampus minor, or cafcgr 
avis. Just above this the forceps major of the corpus callosum, sweeping round 
to enter the occipital lobe, causes another projection, which is known as the 
bvlh .xif^thc posisrdor^xornu. The hippocampus minor and bulb of the posterior 
cornu are extremely variable in their degree of development ; in some cases 
they are ill-defined, in others unusually prominent. 


3k2 
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Fig, 737. — Coional section througl* postciior coinu of lateral ventricle 


Bulb of j )8imM ( 0 )nu 
Poit^ior (O) n 
Hijipi (ompus min ii 
1 muK ntia < llataa 

( ihnnne fissin 

( ollatiral fisauit 



The middle or dfiscen^ag: cornu (comu inferiusl 
of the three, travera ea the temporal lobe of the brain, formiiljlr*h''^linBpfjni^ 



THE LATERiL VENTRICLES 


^iure round the back of the thalamus. ^It passes at first backwards, 
’ downwards, and then curyes forwards, and inwards, to within 


/ Fig. ,,738. — ^Posterior and descending oomua of left lateral ventricle exposed from 

^ the side. * 



11 i p nor a w puH m a jo r 


an inch of the apex of the temporal lobe, its direction being fairly well 
indicated on the surface ot the brain by that of the parallel sulcus. Its roof 

l^^G. 739. — ^Transverse section of the descending cornu of the lateral ventricle. 

(From a drawing by F, A. Barton.) 



famifj chiefiy b y; the ngd erji^f ^ of the tapetum of the corpus callosum, 
out th e tajl. r>f the the Cffihia iiemicircularis also esttend 
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in the roof of the descending horn to its extremity, where tlley^d 
in amass matter, the nupl^u^ amv qdjalcB. Its floor presents the ioUowii^ 

parts : the major, the firnJma oT tcenia Atpppcampe, the eminei/Ma 

colIateraliSf and the choroM pleoous. When the choroid plexus is removed, a 
clSff^lke opening is formed along the mesial of the descending cornu. 
This cleft constitutes the lower part of the choroidal fissure, and through it 
the ventricular cavity opens on to the surface of the hemisphere. 

The hippocampus jxiaior, or cornu Ammonis (figs. 738, 739), is a curved 
eminence, about two inches long, which e;rtends throughout the entire length of 
the figpr pf tbc*descendjnff Jj,Qrn. Its lower extremity is enlarg(rd7and presnats 
two or tliree rounded mevations with, intervening depressions (digitationes 


Fig. 740. — ^Horizontal section of right cerebral hemisphere. 
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hippocampi) which give it a paw-like appearance, and hence it is named the 
2^s hippocampi. If a transverse section bo made through the hippocampus 
major, it will be seen that this eminence is produced by the folding of the wall 
of the hemispliere to form the den tat e or hippocampal fissure. The main mass 
of the hippocampus major consists of grey matter f tJttt on its ventricular 
Bi^faceis a thin layer of white matter, known as the alveus , which is continuous 
with the fimbria of the fornix and is covered by the ependyma of the ventricle. 
Macarthy has shown * that if the alveus and superficial strata of grey matter 
be rejected from the surface of the hippocampus by an incision carried along 

* JmtfTnal of Anatomy and Eliyaiology, vol. zxxiii. 
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itsvcon^exity, the. ‘core’ of the hippocampus, as he terms it, presents, in 
many cases, a corrugated or crimped appearance. 

The eminratia collateralis is an elongated eminence lying to the outer 
side^lSI arnTpariflll^^i^^ the hippocampus major. It corresponds with the 
middle part of the collateral fissure, and its size depends on the depth and 
direction of that furrow. It is continuous behind with a flattened triangular 
area which is situated between the posterior and descending cornua, and 
named the trigonum collaterale. 

The fimbria is a continuation of the posterior pillar of the fornix, and will 
bo discussed with that body ; wliile a description of the choroid plexus will be 
found on page 877. 

The corpus striatum (figs. 740, 741, 742) has received its name from the 
striped appearance which a section of its anterior part presents, in consequence 
of diverging white fibres being mixed with the grey matter which forms the 
greater part of its substance. A part of iliis body is imbedded in the white 

Fig. 741. — Coronal section through anterior cornua of lateral ventricles. 
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substance of the hemisphere, and is therefore external to the ventricle. It 
is termed the exira-vtniricular 'portion, or the nucleus lenticularis ; a part, 
however, is visible in the ventricle, and is named the intraventricular portion, 
or the nucleus caudaius. 

The nucleus caudatus is a pear-sliaped, highly arched mass of grey 
matter ; its broad extremity, or head (caput nuclei caudati), is directed 
forwards into the fore-part of the body and anterior cornu of the lateral 
ventricle, and is continuous with the grey matter of the anterior perforated 
space and with the anterior end of the lenticular nucleus ; its narrow end, 
or tail (cauda nuclei caudati) is directed outwards and backwards on the outer 
side of the thalamus, from which it is separated by the taenia semicircularis 
and the vein of the corpus striatum. It is then continued downwards 
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into ^he roof of the descending cornu, where it terininates in the^nMcfeiwr 
amygdalcB, at the apex of the temporal lobe. It is covered by the lining of the 
ventricle, and crossed by some veins of considerable size. It is separated 
from the extra-ventricular portion, in the greater part of its extent, by 
a lamina of white matter, which is called the internal capsule, but the two 
portions of the corpus striatum are united in front (fig. 741). 

The nucleus lenticularis (nucleus lentiformis), or extra- ventricular 
portion of the corpus striatum, is placed outside the caudate nucleus and 
thalamus, and is seen only in sections of the hemisphere. When divided 
horizontally, it exhibits, to some extent, the appearance of a biconvex lens, 
while a vertical transverse section of its central part presents a somewhat 
triangular outline. It does not extend as far forwards or backwards as the 
nucleus caudatus. It is bounded externally by a lamina of white matter called 
the external capsule, on the outer surface of 'which is a thin layer of grey matter 
termed the claustrum. Its anterior extremity is continuous with the lower 


Fig. 742. — Coronal section of brain through anterior commissure. 
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part of the head of the caudate nucleus and w^ith the grey matter of the anterior 
perforated space. 

Upon making a transverse vertical section through the middle of the 
nucleus lenticularis it is seen to be divided by two white laminae, the medullary 
laminae, into three zones. The outermost and largest zone is of a reddish colour, 
and is known as the putamen, while the two inner are paler and of a yellowish 
tint, and together constitute the globus pallidus. All three zones are marked 
by fine radiating white fibres, which are most distinct in the putamen. 

The grey matter of the corpus striatum is traversed by nerve-fibres, some 
of which are believed to originate in it. The cells are multipolar, both large 
and small ; those of the lenticular nucleus contain yellow pigment. The 
caudate and lenticular nuclei are not only directly continuous with eatch other 
anteriorly, but are connected to each other by numeroult fibres. The corpus 
stmtum is also connected : (1) to the cerebral cortex, by what are termed 
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tho horizontal section, there is shown a 
transverse section of the corresponding 
cnis cerebri. 


the cjfhiico-striate fibres ; (2) to the thalamus, by fibres which pass through 
the internal capsule, and by a strand named the ansa le/niicularis ; (3) to the 
crus cerebri, by fibres which le^ve the lower aspect of the caudate and 
lenticular nuclei. 

The claustrum is a thin layer of grey matter, situated on the outer sur- 
face of the external capsule. On transverse section it is seen to be triangular, 
with its apex directed upwards and its base downwards. Its inner surface, 
which is contiguous to the external capsule, is smooth, but its outer surface 
presents ridges and furrows which correspond with the convolutions and sulci 
of the island of Roil, with which it is in close relationship. The claustrum is 
regarded as a detached portion of the grey matter of the island of ReiJ, from 
wliich it is separated by a layer of white fibres, the capsula extrema or ha'tid 
of Baillarger. Its cells are small and 

spindle-shaped, and contain yellow Fig. 74.S. — Horizontal section of the internal 
j)igment; they are similar to those capsule. (Schematic.) (Testut.', Below 
found in the deepest layer of the 
cortex. 

The nucleus amygdalae is an 
ovoid, mass of grcylmatter, situated 
in the roof of the descending horn, 
at its lower extremity. ItJsjnerely 
a^Jofiiilised thickeiiiiig n£ the grey 
cortex, continuous with that of the 
UTums ; in front it is continuous with 
the piitamen, behind with th(‘ tieuia 
siunicircularis and tlie tail of th(‘ 
caudate nucleus. 

The ^intprnaJ capsule is a 

flattened band of white fibres, M'hieh 
lies^betw;een the lenth'ular nucleus 
on the outer side and Die caudate 
nucleus and thalamus on the inner 
side. Ill horizontal section (figs. 

740, 743) it is seen to Ik* somewhat 
abruptly curved, with its conv<‘xity 
inwards ; the prominence of thc^ 
eurve is called the genu, and y)n»- 
jects between the caudate nucleus 
and the thalamus. Tlie portion in 
front of the genu is t(u*med tho 
anterior- UmJ) (pars frontalis), and 
separates the Icntieulai’ from the 
caudate nucleus ; the portion be- 
hind the genu is the posterior 
limb (pars occipitalis), and separates 
the lenticular nucleus from tho 
thalamus. 

The anterior limb of the internal 
eap.sule contains : ( 1) fibres wdiich pass 
from the thalamus to the frontal 
lobe (cortico-thalamic) ; (2) fibres 

connecting the lenticular and caudate nuclei (lenticulo-caudate) ; (3) fibres con- 
necting the cortex with the corpus striatum (cortico-striate) ; and (4) fibres 
passing from the frontal lobe to the nuclei pontis (eortico-pontine). The 
fibres which occupy the region of tho genu are named the genicMlatc fibres ; 
they originate in the motor part of the cerebral cortex, and, after passing 
downwards in the inner fifth of the crusta, undergo decussation and end in 
the motor nuclei of the cranial nerves of the opposite side. The anterior 
two- thirds of the posterior limb contains the pyramidal fibres, which arise 
in the motor area of the cortex and, passing downwards through the middle 
three-fifths of the crusta, are continued into the pyramids of the medulla. The 
posterior third of the posterior limb contains : (1) sensory fibres, which are 
largely derived from the thalamus, but some of which may be continued 



1. Thalamus. 2, 2'. Caudate nucleus. 3. Lenticular 
nucleus. 4. C'lauBtruin. 5. Island of Hell. (i. Lateral 
ventricle. 7. Anterior stalk of optic thalamus. 
8. Optic radiutioiiH. a. Anterior sefnnent of internal 
capsule, h. Geniculate bundle (in f;;recn;. c. Pyramidal 
fibres (in red). U. PoKterior eortico-pontine fibres. 
e, FUlet. 
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upwards, from the mesial fillet ; (2) the fibres of optic radiation, which pass 
from the lower visual centres to the cortex of the occipital lobe ; (3) auditory 
fibres, from the lateral fillet to the temporal lobe ; and (4) cortico-pontine 
fibres, which pass from the occipital and temporal lobes to the nuclei pontis. 

The fibres of the internal capsule radiate widely as they pass to and 
from the various parts of the cerebral cortex, forming the corowa radiata and 
intermingling with the fibres of the corpus callosum. 

The external capsule is a lamina of white matter, situated on the outer 
side of the lenticular nucleus, between it and the claustrum, and continuous 
with the internal capsule below and behind the lenticular nucleus. It 
probably contains fibres derived from the thalamus, the anterior white 
commissure, and the subthalamic region. 


Fig. 744. — ^The fomix and corpus callosum from bolow. (From a specimen in the 
Department of Human Anatomy of the University of Oxford.) 
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The substantia innominata of Meynert is a stratum consisting partly 
of grey and partly of white matter, which lies below the anterior part of 
lenticular nucleus. It consists of three layers, superior, 
inferior. The superior layer is named the atisa lenticularis^ and 
•its fibres, derived from the medullary lamina of the lenticular nucleus, pass 
inwards to end in the thalamus and subthalamic region,' while others 
are said to terminate in the tegmentum and red nucleus. The middle layer 
consists of nerve- f^clls and nerve-fibres : fibres enter it from the parietal lobe 
through the external capsule, while others are said to connect it with the 
pcMterior longitudinal fasciculus. The lower layer forms the main part of the 
inferior stalk of the thalamus, and connects this body with the temporal lobe 
and the island of Reil. 

The tasnia semicircularis is a narrow, whitish band of medullary 
substance situated in the depression between the caudate nucleus and the 
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thalamus. Anteriorly, its fibres are partly continued into the anterior pillar 
of the fornix ; some, however, pass over the anterior commissure to the grey 
matter between the caudate nucleus and septum pellucidum, while others 
are said to penetrate the caudate nucleus. Posteriorly, it is continued into 
the roof of the middle or descending horn of the lateral ventricle, at the 
extremity of which it enters the nucleus amygdalm. Superficial to it is a large 
vein, the vena corporis striati, which receives numerous tributaries from the 
corpus striatum and thalamus ; it runs foi^'ards to the foramen of Monro 
and joins with the vein of the choroid plexus to form the copesponding 
vena Galeni, On the surface of the vein of the corpus striatum is a narrow 
band of white fibres, named the lamina cornea. 

The fornix (figs. 721, 744) is a longitudinal, arch-shaped lamella of white 
matter, situated below tlie corpus callosum, with which it is continuous 
behind, but from which it is separated in front by the septum pellucidum. 
It may be described as consisting of two symmetrical bands, one for either 
hemisphere. The two portions are not united to each other in front and 
behind, but their central parts are joined together in the middle line. 
The anterior parts are called the anterior pillars (columnoe fornicis) ; the 
intermediate united portions constitute the body of the fornix ; and the 
posterior parts are termed the posterior pilhrs [crura fornicis). 

The body of the fornix is triangular, narrow in front, and broad behind. 
The mesial part of its upper surface is connected to the septum pellucidum 
in front and to the corpus callosum behind. The lateral portion of this surface 
forms part of the floor of the lateral ventricle, and is covered by the 
ventricular epithelium. Its outer edge overlaps the choroid plexuses, and is 
continuous \\’itli the epithelial covering of these structures. The under surface 
rests upon the velum inter|)ositum, which separates it from the epithelial 
roof of the third ventricle, and from the inner portions of the upper surfaces 
of the thalarni. When viewed from below the lateral portions of the body 
of the fornix are seen to be joined by a thin triangular lamina, named the 
psalterium or lyra. This lamina contains some transverse fibres which connect 
the two hippocampi across the middle line and constitute the hippocampal 
commissure. Between the psalterium and the corpus callosum a horizontal cleft, 
the so-called ventricle of the fornix or ventricle of VergUy is sometimes found. 

I^he anterior pillars arch downwards in front of the foramen of Monro and 
behind the anterior commissure, and eac^h descends through the grey matter 
in the lateral wall of the third ventricle to the base of the brain, where ii 
terminates in the corpus albicans. From the cells of the corpus albicans a 
fas(;iculus of fibres, termed the bundle of Vicq d^Azyr^ takes origin and is 
prolonged into the anterior nucleus of the thalamus. The anterior pillar of 
the fornix and the bundle of Vicq d’Azyr together form a loop resembling 
the figure 8, but the continuity of the loop is broken in the corpus albicans. 
The anterior pillar of the fornix is joined by the stria pinealis and by the 
superficial fibres of the tamia semicircularis, and is also said to receive fibres 
from the septum pellucidum. Zuckerkandl describes an olfactory fasciculus 
which becomes detached from the main portion of the anterior pillar of the 
fornix, and passes downwards in front of the -anterior commissure to the base 
of the brain, where it divides into two bundles, one joining the inner root 
of the olfactory tract ; the other joins the subcallosal gyrus, and through it 
reaches the hippocampal convolution. 

The posterior pillars are j^rolonged backwards fi’om the body of the fornix. 
They are flattened bands, and at their commencement are intimately con- 
nected by their upper surfaces with the under aspect of the corpus callosum. 
Diverging from one another, each curves round the posterior extremity of 
the thalamus, a!nd i)aB8es downwards and forwards into the descending 
horn of the lateral ventricle. Here it lies along the concavity of the hippo- 
campus major, on the surface of which some of its fibres are spread out to 
form the alveus y while the remainder are continued as a narrow white band, 
the fimbria or tmnia hippocampi, which is prolonged into the uncus of the 
gyrus hippocampi. Its inner edge overlaps the dentate convolution (page 864), 
from which it is separated hj the firnl)rio~dentatefssure; from its outer margin, 
wliich is thin and ragged, the ventricular epithelium is reflected o\"er the 
choroid plexus as the latter projects into the choroidal fissure. 
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Foramen of Monro. — Between the anterior pillars of the fornix and the 
anterior extremities of the thalami, an oval aperture is seen on either side: 
this is the foramen of Monro and through it the lateral ventricle communicates 
with the third ventricle. Behind the epithelial lining of the foramen the 
choroid plexuses of the lateral ventricles arc joined across the middle line. 

The anterior commissure (commissura anterior) is a bundle of white 
fibres, which cormects the two cerebral hemispheres across the middle line, 
and is placed in front of the anterior pillars of the fornix. On sagittal section 
it is seen to be oval in shape, its long diameter being vortical in direction 
and measuring about one-fifth of an inch. Its fibres can be traced outwards 
and backwards on each side beneath the corpus striatum into the substance 
of the temporal lobe. It serves in this way to connect the two temporal lobes, 

Fia. 745. — The fornix, velum interpositum, and middle or descending cornu 
of the lateral ventricle. 



but it also contains fibres from the olfactory tract of the opposite side, the 
decussation of which in the anterior commissure may serve to explain the 
condition of crossed anosmia, i.e. a loss of smell in one side of the nose 
resulting from a lesion in the temporal lobe of the opposite side. 

The septum pellucidum (septum lucidum) is a thin, vertically placed 
partition. It consists of two distinct laminse, separated in part of their extent 
by a-narrow chink or interval, the so-called fifth ventricle. The outer surface 
of each lamina is directed towards the b6dy and anterior cornu of the lateral 
ventricle, and is covered by the ependyma of that cavity, while its mesial 
surface bounds the cavity of the fifth ventricle. It is a thin, semi-transparent 
septum, attached, above, to the under surface of the coipus callosum ; below, 
to the anterior part of the fornix behind, and the refiected portion of the corpus 
callosum in front. It is triangular in form, broad in front and narrow 
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behind ; its inferior angle corresponds with the upper part of the anterior 
commissure. 

The cavum septi pellucidi or so-callod fifth ventricle is generally regarded 
as part of the great longitudinal fissure, which has become shut off by the 
union of the hemispheres in the formation of the corpus callosum above 
and the fornix below. Each half of the septum is therefore formed by the 
median wall of the hemisphere, and consists of a mesial layer of grey matter, 
derived from the grey matter of the cortex, and an external layer of white 
substance continuous with the white matter of the cerebral hemispheres. 
The fifth ventricle differs from the other ventricles of the brain, inasmuch 
as it is not developed from the cavity of the cerebral vesicles, is not 
lined by ciliated epithelium, and does not communicate with the general 
ventricular cavity. 

The choroid plexus of the lateral ventricle (plexus chorioideus ven- 
triculi lateralis) (fig. 745) is a highly vascular fringe-like process of pia mater, 
which appears as if it were contained within the ventricular cavity. The plexus, 
however, is not actually within the cavity, as it is everywhere covered by a 
layer of epithelium continuous with the epithelial lining of the ventricle, 
which therefore shuts it out of the ventricular cavity. It extends from the 
foramen of Monro, where it is joined with the plexus of the opposite ventricle, 
to the extremity of the descending horn. The part in relation to the body of 

Fig. 746. — Coronal section of descending horn of lateral ventricle. (Diagrammatic.) 
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the ventricle forms the vascular fringed margin of a triangular process of pia 
mater, named the velum inierpositum, and projects from under cover of the 
outer edge of the fornix. It lies upon the upper surface of the thalamus, from 
which the epithelium is refiected over the plexus on to the edge of the fornix. 
The portion in rdation to the descending horn lies in the concavity of the 
hippocampus major and overlaps the fimbria : from the outer edge of the latter 
the epith^um is refiected over the plexus on to the roof of the cornu (fig. 746). 
It consists of minute and highly vascular villous processes, each with an afferent 
and an efferent vessel. The cells of the epithelium which covers it often contain 
yellowish fat molecules. The arteries of the plexus are : (a) the anterior 
choroidal, a branch of the internal carotid, which enters the plexus at the 
extremity of the descending horn ; and (6) the posterior choroidal, one or 
two small branches of the posterior cerebral, which pass forwards under the 
splenium. The veins of the choroid plexus unite to form a prominent ^vein, 
which courses from behind forwards to the foramen of Monro and joins with 
the vein of the corpus striatum to form the corresponding vein of Galen. 

When the choroid plexus is pulled away, the continuity of the epithelium 
which covers it, with that which lines the ventricle, is severed, and a cleft-like 
space is produced. This is named the choroidal fissure ; like the plexus, it 
extends from the foramen of Monro to the extremity of the descending horn. 
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The upper part of this fissure, i.e. the part nearest the foramen of Monro, is 
situated between the lateral edge of the foniix and the upper surface of the 
thalamus ; further back, at the beginning of the descending horn, it is 
between the commencement of the fimbria and the posterior end of the 
thalamus, while in the descending liom it lies between the fimbria in the floor 
and the taenia semicircularis in the roof of the cornu : through this part of the 
fissure the descending horn opens on to the tentorial surface of the hemisphere. 

The velum interpositum, or tela chorioidea ventriculi tertii (fig. 745), 
is a double fold of pia mater, triangular in shape, which lies beneath the fornix. 
The lateral portions of its lower surface rest upon the thalami, while its 
mesial portion is in contact with the epithelial roof of the third ventricle. Its 
apex is situated at the foramen of Monro ; its base corresponds with the splenium 
of the corpus callosum, and occupies the interval between that structure above 
and the corpora quadrigemina and pineal body below. This interval, together 
with the lower portions of the choroidal fissures, is sometimes spoken of as the 
great transverse fissure of the brain. At its base the two layers of the velum 
separate from each other, and are continuous with the pia mater investing the 
brain in this region. Each of its lateral margins is modified to form the highly 
vascular fringed structure which constitutes the choroid plexus of the lateral 
ventricle. It is supplied by the anterior and posterior choroidal arteries 
already described. The veins of the velum interpositum are named the vence 
Galeni; they are two in number, and run backwards between its layers, each 
being formed at the foramen of Monro by the union of the vein of tlu^ corpus 
striatum with the choroid vein. The venae Galeni unite posteriorly into a 
single trunk, the vena magna Oaleui, which passes out beneath the splenium 
and ends in the straight sinus. 

Structure of the Cerebral Hemispheres 

The cerebral hemispheres are composed of grey and w hite matter : the 
former covers their surfaces, and is termed the cortex ; tlie latter occupies the 
interior of the hemispheres, and is named the medullary centre. 

The white matter of the cerebral hemispheres consists of modullated 
fibres, varying in size and arranged in bundles, separated by neuroglia. They 
may be divided into three distinct systems, according to the course they 
take. 1. Projection fibres, which connect the hemisphere with the lower parts 
of the brain and with the spinal cord. 2. Transverse or commissural fibres, 
w^hich unite together the two hemispheres. 3. Association fibres, which 
connect different structures in the same hemisphere; these are, in many 
instances, collateral brandies of the projection fibres, but others are the axoiis 
of independent cells, 

1. The projection fibres consist of efferent and afferent fibres which con- 
nect the cortex with the lower parts of the brain and with the spinal cord. The 
principal efferent strands are : (1) the motor tract, which occupies the genu and 
anterior two-thirds of the posterior limb of the internal capsule, and consists 
of (a) the geniculate fibres, which decussate and end in the motor nuclei of 
the cranial nerves of the opposite side ; and (b) the pyramidal fibres, which are 
prolonged through the pyramid of the medulla into the spinal cord : (2) the 
corti(;o-pontine fibres, which end in the nuclei pontis. The chief afferent fibres 
arc : (1) those fibres of the fillet which are not interrupted in the thalamus ; 
(2) those fibres of the superior cercbeUar peduncles which are not interrupted 
in the red nucleus and tnalamus ; (3) the numerous fibres which arise within 
the thalamus, and pass through its stalks to the different parts of the cortex 
(page 848) ; (4) the optic and acoustic fibres, the former passing to the occipital, 
the latter to the temporal lobe. 

2. The transverse or commissural fibres connect the two hemispheres. 
Theyinclude : (a) the transverse fibres of the corpus callosum, (b) the anterior 
commissure, (c) the posterior commissure, and (d) the lyra ; they have already 
been described. ^ 

8. Association fibres (fig. 747).— These connect different ^arts of the 
same hemisphere, and are of two kinds : (1) those which unite adjacent 
convolutions, short association fibres ; (2) those which pass between more 
distant parts, l(yng association fibres. 
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The short association fibres are situated' immediately beneath the grey 
substance of the cortex of the hemispheres, and connect together adjacent 
convolutions. 

The long association fibres include the following : (a) the uncinate fasciculus ; 
(6) the cingulum ; (c) the superior longitudinal fasciculus ; (d) the inferior 
longitudinal fasciculus ; (e) the perpendicular fasciculus ; (/) the occipito- 
frontal fasciculus ; and {g) the fornix. 

(а) The uncinate fasciculus passes across the bottom of the Sylvian fissure, 
and connects the convolutions of the frontal lobe w'ith the anterior end of the 
temporal lobe. 

(б) The cingulum is a band of white matter which is contained within the 
callosal convolution. Commencing in front at the anterior perforated space, 
it passes forwards and upw'ards parallel with the rostrum, winds round the 
genu, runs in the convolution from before backw'ards, immediately above 
the corpus callosum, turns round its posterior extremity, and passes into the 
gyrus hippocampi, in the anterior extremity of wliich it ends. 

(c) The superior longitudinal fasciculus consists of fibres which pass 
backwards from the frontal lobe above the lenticular nucleus and island of 


747. — ^Diagram showing principal systems of associatioii fibres in the cerebrum. 



Reil ; some of these terminate in the occipital lobe, while others pass down- 
wards and forwards into the temporal lobe. 

{d) The inferior longitudinal fasciculus is a collection of fibres which connect 
the temporal and occipital lobes, running along the outer wall of the descending 
and posterior cornua of the lateral ventricle. ^ 

(e) The perpendicular fasciculus runs vertically througli the front part of 
the occipital lobe, and connects the inferior parietal lobule with the fourth 
temporal convolution, 

(/) The occipito-frontal fasciculus passes backwards from the frontal lobe, 
along the outer border of the caudate nucleus, and on the mesial aspect of tlie 
corona radiata, and its fibres radiate in a fan-like manner and pass into the 
occipital and temporal lobes on the outer aspect of the posterior and descending 
cornua. Dejerine regards the fibres of the tapetum as being derived from this 
fasciculus, and not from the corpus callosum. 

(g) The fornix connects the hippocampal convolution with the corpus 
albicans, and, by means of the bundle of Vicq d’Azyr, with the thalamus 
(see page 876). Through the fibres of the l3n'a it probably also unites the 
opposite hippocampal convolutions. 

The grey matter of the hemisphere is divided into : (1) that of the 
cerebral cortex, and (2) that of the nucleus caudatus, the nucleus lenticulans, 
the claustrum, and tl^ nucleus amygdalae. 
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STRTJCTtTRB OF THE CEREBRAL CORTBX (fig. 748) 

. The cerebral cortex differs in its thickness and in its minute structure in 
different parts of the hemisphere. For instance, it is thinner in the occipital 
region than in the pre- and postcentral gyri, and it is also much thinner at the 
bottom of the sulci than on the top of the convolutions. Again, the minute 
structure of the precentral differs from that of the postcentral gyrus, and areas 


Fig. 748. — Cerebral cortex. (Poirier.) To the left, the groups of cells ; to the right, the 
systems of fibres. Quite to the left of the figure a sensory nerve-fibre is shown. 
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possessing a specialised type of cortex can be mapped out in the occipital 
lobe. 

On examining a section through the cortex with a lens, it is seen to consist 
of alternating white and grey layers thus disposed from the surface inwards : 
(1) a thin layer of white substance ; (2) a layer of grey substance ; (3) a 
second layer of white substance (outer band of BaJUarger or band of 
Gennari) ; (4) a second grey layer ; (5) a third white layer (inner band of 
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Baillarger) ; (6) a third grey layer, which rests on the medullary substance of the 
convolution. 

The cortex is made up of iierve-ceUs which vary in size and shape, and of 
nerve-fibres whicii arc either iriedullated or naked axis-cylinders, imbedded in 
a matrix of neuroglia. 

Nerve-cells. — According to Cajal, whose description is now generally 
accepted, tiie nerve-cells are arranged in four layers, named from the surfaiie 
inwards as follows ; (1) the molecular layer, (2) the layer of small pyramidal 
colls, (3) the lay(^r of large pyramidal cells, (4) the layer of polymorphous cells. 

The molecular layer. — In lliis layer the cells are polygonal, triangular, 
or fusiform in shape. Each polygonal C/Cll gives off some four or five dendrites, 
wliile its axon may arise directly from the cell or from one of its dendrites. 
The axons and dendrites of these cells ramify in the molecular layer. Each 
triangular cell gives off two or three dendrites, from one of which the axon 
aristas, tll(^ dend liters and the axon ramifying in the nioh^cular layer. The 
fusiform cells arti placed with their long axes parallel to the surface and are 
mostly bipolar, each pole being prolonged into a dendrite, which runs hoi izon- 
tally for some distance and furnishes ascending branches. Their axons, two or 
three in number, arise from the dendrites, and, like them, take a horizontal 
course, giving off numinous ascending collaterals. The distribution of the 
axons and dendrites of all three sets of cells is limited to the molecular layer. 

Tlie layer of small and the layer of large pyramidal cells. -;-The cells 
in these two layers may be studied togetlun*, since, with tlu? exception of the 
difference in sizi^ and the more su])erfieial ])Ositir)n of the smaller cells, they 
reseinbk^ each otlun-. I'he average length of the small cells is from 10 to 16 fi ; 
that of the large cells fi-om 20 to 30 fj. The body of eacdi cell is pyramidal in 
shape, its base being directed to the deeja^r parts and its apex towards the 
surface. It contains granular pigment, and stains deeply with ordinary 
reagents. The nuedeus is nucleolated, of larg<* size, and round or oval in shape. 
The base of tlu^ cell gives off the axis- eylinder, and tliis passes into the central 
wiiite substaiKic, giving off collaterals in its course, and is distributed as a pro- 
jection, commissural,, or association fibre*. Both the apical and basal parts of 
the c.ell give off dendrites. The apical dendrite is directed tow’ards the surface, 
and (‘Tids in the; mok‘cular layer by dividing into numerous branches, all of 
which may be; se(‘n, w hem j)rc‘pare*d by the silve*r or methylcne-blue method, to 
be studde‘d with prt»jceting hristl(‘-like pr(x;e\ssc\s. The largest pyramidal cells 
arc fe)und in the up})e‘r jiart of the 2 >i*<?<^cntral gyrus and in the j)aracentral 
lobule*. These, whie-h are* often arrange*d in grou 2 )S or ne*sts of from throe to 
five*, are* named the (jiant-cvlU of BHz. In the former situation llu*y may 
cxce*e*d 60 fi in length and 40 ft in breadth, wdiile in the 2 )aracentral lobule they 
may attain a length of 05/4. 

Layer of polymorphous cells. — ^The cells in this layer, as thedr name 
1 ni 2 )lies, are very irregular in contour ; they nuiy be fusiform, oval, triangular, 
or 8 tar-sha 2 Jed. Thedr dendrites are directed outwaids, tow^ards, but do not 
reach, the molecular layer ; their axons [)asH into the subjacent white matter. 

There are two othei kinds of cells in the c^erebral cortex, but their axons 
23as8 in a direction o 2 ipositc to that of the 2 >yi;amidal and 2 >o]ymorphous cells, 
among w'hich they he. 3Uiey are : (a) the cells of Gokfi, the axons of w^hich do 
not become medullatod, but divide, immediately after their origins, into a 
large number of branches, wdiich are directed towards the surface of the cortex ; 
(b) the cells of Martinotti, w^hicii are chiefly found in the polymorphous layer. 
Their dendiites are short, and may have an ascending or descending courS€?t 
while their axons jiass out into the molecular layer and form an extensive 
horizontal arborisation. 

Nerve-fibres. — These fill U2) a large part of the intervals betw^een the 
colls, and may be modullated or non-meduUated — the latter comprising the 
axons of the smallest pyramidal cells and the cells of Colgi. In their direction 
the fibres may be either transverse (tangential or horizontal) or vertical 
(radial). The tangential fibres run 2 >araUcl to the surface of the hemisphere, 
intersecting the vertical fibres at a right angle. They constitute sev^eral strata, 
of which the following are the most im 2 )ortant : (1) a stratum of white fibres 
covering the superficial aspect of the molecular layer (plexus of Exner) ; (2) the 
band of Bechterew, which is situated in the outer part of the layer of small 

3 Li 
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pyramidal cells ; (3) the external band of Baillarger (band of Gennari or band 
of Vicq d’Azyi*), which runs througli the layer of large pyramidal cells ; (4) the 
internal band of Baillarger, which intervenes between the layer of large 
pyramidal cells and tlie polymorphous layer ; (5) the deep tangential fibres 
which lie in the lower part of tlie polymorphous layer. According to Cajal, 
the transverse fibres consist of (a) the collaterals of the pyramidal and poly- 
morphous cells and of the cells of Martinotti ; (b) the arborisations of the axons 
of Golgi’s cells ; (c) the collaterals and terminal arborisations of the projection, 
commissural, oj* association fibres. The vertical jibres, — Some of these, viz. 
the axons of the pyramidal and polymorphous cells, are directed towards 
the central wdiite matter, while others, the terminations of the projection, 
commissural, or association fibres, jiass outwards to end in the cortex. The 
axoJis of the cells of Martinotti are also ascending fibres. 

Special Types of Cerebral Cortex 

It has been already pointed out that the minute structure of the cortex 
differs in different regions of the hemisphere ; and A. W. Campbell * has 
endeavoured to prove, as the result of an exhaustive examination of a series 
of human and antliropoid brains, ‘ that there exists a direct correlation 
between physiological function and histological structure.’ Th(^ principal 
regions wli(;re the ‘ tyj)ieal ’ structure is departed from will now be referred to. 

1. In the calcarine fissure and the convolutions bounding it, the inner band 
of Baillarger is absent, while, the band of Gennari is of considerable tliickn(‘ss, 
and forms a characteristic feature of this region of the cortex. If a section be 
examined microscopically, an additional layer is seen to be interpolated between 
th(‘ molecular layer and the layiu* of small pyramidal cells. This extra lay(T 
consists of two or three* strata of fusiform cells, the long axes of whi(;h an* at 
riglit angles to the surface. Each cell gives off tv\’o dendrites, ext(‘rnal and 
internal, from the latter of which the axon arises and passes into th(^ white 
central substance. In the laytT of small pyramidal cells, fusiform c(*lls, 
identical with the above, are seen, as w'cll as ovoid or star-like cells with 
ascending axons (cells of Martinotti). 'J'his is the vi,sual area of the cortex, 
and it has been shown by J. 8. Bolton | that in old-standing cases of optic 
alroidiy the thickness of Gennari’s band is reduced by nearly 50 per cent. 

A. W. Campbell says : ‘ Histologically, two distinct types of cortex can be made out in 
the occipital lobe. The first of these coats the walls and bounding convolutions of the 
calcarine fissure, and is distinguished by the well-known line of Gennari or Vi(5(| d’Azyr ; 
the second area forms an investing zone a centimetre or more broad around the first, 
and is characterised by a remarkable wealth of fibres, as well as by curious pyriform cells 
of largo size richly stocked with chromophilic elements — colls which seem to have escaped 
the observation of Kam«'»n y Cajal, Bolton, and others who have worked at this region. 
As to the functions of tliese two regions there is abundant evidence, anatomi(;a1, embryo^ 
logical, and pathological, to show that the first or calcarine area is that to which visual 
sensations primarily pass, and wo arc gradually obtaining proof to the effect that the 
second investing area is constituted for the interpretation and further elaboration of these 
sensations. These areas therefore deserve the names visiui-stnsnry and vis m-ysy chic' 

2. The precentral gyrus is characterised by the presence of the giant-cclls 
of Betz and by ‘ a wealth of nerve-fibres immeasurably superior to that of 
any other part ’ (Campbell) , and in these respects differs from the postcentral 
gyrus. These tw o gyri, together with the X)aracentral lobule, have long been 
regarded as containing the ‘ motor areas ’ of the hemisphere ; but Sherrington 
and (hiinbaum have showm } that in the chimpanzee the motor area never 
extends on to the free face of the ijostcentral convolution, but ‘ occupies 
unbrokenly the wdiole length of the precentral convolution, and in most cases 
the greater part or the whole of its width. It extends into the depth of the 
Rolanclic! fissure, occupying the anterior wall, and in some places the floor, and 
in some extending even into the deeper part of the posterior w^all of the 
fissure.’ 

* JJlstobyical HUidies on the Liwalimtim of Cerebral Fti net ( 0 % Cambridge Universitj PresF, 

t Fh/l. Tram, of Itflyal Society, SIcries B, vol. cxciii. p. 16S. 

j Tramaetiom of the Paiholoyieal Society of Lendon, vol. liji. 
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3. In the hippocampus major the molecular layer is very thick and 
contains a large number of Golgi cells. It has been divided into three strata : 
(a) s. convolutum or s. granulosum, containing many tangential fibres ; 
(h) 8. laeunosum, presenting numerous lymphatic or vascular spaces ; 
(c) s. radiaturn, exhibiting a rich plexus of fibrils, llie tw o layers of ])yramidal 
cells are condensed into one, and the cells are mostly of large size. The axons 
of the cells in the polymorphous layer may nin in an ascending, a descending, or 
a horizontal direction. Bctw'een the polymorphous layer and the ventricular 
ependyma is the w'hite substance of the alveus. 

4. In the rudimentary dentate convolution the molecular layer contains 
some pyramidal cells, while the layer of pyramidal cells is almost entirely 
represented by small ovoid cells. 

5. The olfactory bulb. — In many of the lower animals tliis contains a 
cavity which (Munmunicates through the hollow olfactory stalk with the lateral 
ventricle. In man the original cavity is filled up by neuroglia and its wall 
becomes thickened, but- much more so on its ventral than on its dorsal aspect. 
Its dorsal part contains a small amount of grey and white matter, but it is 
scanty and ill defined. A section through the ventral part (fig. 749) shows it to 
consist of the following layers from without inwards : (1) A layer of olfactory 


Fig. 749. — Coronal section of olfactory bulb. (Schwalbe.) 
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nerve- fibres, wdiich are the iion-medullated axons prolonged from the olfactory 
cells of the nose, and which reach the bulb by passing through the cribriform 
plate of the ethmoid bone. At first they cover the bulb, and then penetrate 
it to end by forming synapses with the dendrites of the mitral cells, presently 
to be described. (2) Glomerular layer . — This contains numerous spheroidal 
reticulated enlargements, termed glomeruli, wdiich are produced by the 
brandling and arborisation of the processes of the olfactory nerve-fibres with the 
descending dendrite of the mitral cells. (3) Molecular layer . — This is formed 
of a matrix of neuroglia, imbedded in which are the mitral cells. Tliese cells 
are pyramidal in shape, and tlie basal part of each gives off a thick dendrite 
which descends into the glomerular layer, A\'here it arborises as indicated 
above, and others whidi interlace with similar dendrites of neighbouring mitral 
cells. The axons pass through the next layer into the white matter of the 
bulb, from which, after becoming bent on themselves at a right angle, they are 
continued into the olfactory tract. (4) Nerve-fibre layer . — This lies next the 
central core of neuroglia, and its fibres consist of the axons or afferent processes 
of the mitral cells which are passing to the brain ; some efferent fibres are, 
however, also present, and terminate in the molecular layer, but nothing is 
known as to their exact origin. 


3l2 
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Weight of the encephalon. — The average weight of the brain, in th^ 
adult male, is 49^ oz., or a little more than 3 lb. avoirdupois ; that of the 
female, 44 oz. ; the average difference between the two being from 5 to 6 oz. 
The prevailing weight of the brain, in the male, ranges between 46 oz. and 
53 oz. ; and, in the female, between 41 oz. and 47 oz. In the male, the 
maximum weight out of 278 cases was 65 oz. and the minimum weight 34 oz. 
The maximum weiglit of the adult female brain, out of 191 cases, was 56 oz., 
and the minimum weight 31 oz. A(;eording to Luschka, the average weight 
of a man’s brain is 1,424 grammes (about 45 oz.), of a woman’s 1,272 grammes 
(about 41 oz.) ; and according to Krause, 1,57() grammes (about 48J oz.) for 
the male, and 1,350 grammes (about 43 oz.) for the female. It appears that 
the w'eight of the brain inen^ases rapidly uj) to tlie seventh year, more slowly 
to between sixteen and ivvenly, and still more slowly to between thirty and 
forty, when it reaches its maximum. As age furtljer advancjcs and the mental 
faculties decline, tlic brain dirninislies slowly in weight, to the extent of about 


Fro. 750. — Areas of localisation on outer surface of hemisphere. 



Motor ai'oa in red. Area of ordinary scasatiou in blue. Auditory area in green, Yiaual area in yellow. 


an ouncjc for each subsequent decennial period. These results apply alike to 
both sexes. 

The size of the brain was formerly said to bear a general relation to the 
intellectual eajiacity of the individual. Cuvier’s brain w^eighed rather more 
than 64 oz., that of the late Ur. Abercrombie 63 oz., and that of Dupuytren 
62J oz. But these facts are by no means conclusive, and il is well known that 
tlu^se weights have been equalled by the brains of persons who never displayed 
any remarkable intellect. Haldennan, of Cincinnati, has recorded the case 
of a mulatto, aged 45, whose brain weighed 68 J oz. ; he had been a slave, and 
Avas never regarded as particularly intelligent ; he was iUiterate, but is said 
to have been reservcid, meditative, and economical. Ensor, district medical 
officer at l*ort Elizabidh, reports that the brain of Carey, the Irish informer, 
w eighed 61 oz. On the other hand, the brain of an idiot seldom weighs more 
than 23 oz. M. Nikiforoff has published an article on the subject of the 
WT4ght of brains in the ‘Novosti.’ According to him, the weight of the brain 
has no inhiience whatever on the mental faculties. It ought to be remembered 
that the significance of the weight of the brahi shoidd depend upon the 
proportion it bears to the dimensions of the wdiole body and to the age of 
the individual. It is equally important to know" w^hat was the cause of death, 
for long illness or old age exhausts the brain. To define the real degree of 
development of the brain, it is therefore necessary to have a knowledge of 
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the condition of the whole body ; and, as this is usually lacking, the mere 
record of weight possesses little significance. 

The human brain is heavier than that of any of the lower animals, except 
the elephant and whale. The brain of the former weighs from eight to ten 
pounds ; and that of a whale, in a specimen seventy-five feet long, weighed 
rather more than five pounds. 

Ctrehral Localisation . — Physiological and pathological research have now gone far 
to prove that a considerable part of the sm*face of the brain may be mapi)ed out into 
a series of more or less definite areas, each of which is intimately connected with some 
well-defined function. 

The c;hief areas are indicated in figs. 750 and 751. 

Motor arcus . — The motor area oc(;uj)ies llie pj-ecentral and frontal gyri and the para- 
central lobule. ^J’he centres for the lower limb .are located on the uppermost part of the 
precentral gyrus and its continuation on to the paracentral lobule ; those for the trunk 
are on the upper portion, and those for the u))per limb on the middle portion of the pre- 
central gyrus. The facial centres arc situated on the lower part of the jirecentral gyrus, 
those for the tongue, lar 3 mx, muscles of mastication, and pharynx on the frontal opercula, 
while those for the head and neck occupy the ])osterior end of the mid-frontal region. 


Fia. 751. — Areas of localisation on i’ ner surface of hemisphere. 



Motor area in rod. Area ol ordinary sensation m blin*. Yisual area in yellow. Olfactory area in purple. 


Sensory areas. — T^tih* and. temperature senses are located on the postcentral gyrus, . 
while the sen^of (pra ajid jaiiliih parietal gyrus and precuneus. With ‘ 

regard to the special senses, tlie urea for the sense of t^te is probably related to the uncus 
and hwpcainpal gyru^^^ The auditory area occupies Iho" middle third of the superior ■ 
tem|r6ml"gyrus and ihe adjacent Vyri in the Sylvian fissure ; the visual area, the calcarine ' i 
fissure and curies 7 af§a7 th6' rlimeiiijeplialon. As "special centred" 6f much 

irnportKiice may be noted ; the 'cmissivo. centre for speech on thejeft inferior frontal and 
pre central g yri ; the auditory receptive centre on the marginal and superior temporal g 5 Ti, ■ 
ana i he Visua l receptive centre dh tHe angular gyrus. 

C&i^rdl Toj^i^d^ relation of the principal fissurt^s and convolutions of the 

cerebrum to the outer surface of the scalp has been the subject of much investigation, 
and many systems have been devised by which one may localise these jiarts from an 
examination of the external surface of tho head (ilg. 752). 

These plans can only be regarded as approximately correct for several reasons : in the 
first jdace, because the relations of the convolutions and sulci to the surface vary in different 
individuals ; secondly, because the surface area of tho scalp is greater than the surface 
area of the brain, so that lines drawn on the one cannot correspond exactly to sulci or 
convolutions on the other ; and thirdly, because the sulci and convolutions in two 
individuals are never precisely alike. Nevertheless, the principal fissures and convolutions 
can be mapped out with sufficient accuracy for all practical purposes, so that any 
particulai' convolution can be exposed by removing with the trephine a certain portion 
of the skull. 
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The various landmarks on the outeide of the Skull, which can be easily felt, and which 
serve as indications of the position of the parts l)en6ath, have been already referred to 
(see page 280), but there are certain other points or landmarks which require alluding to, 
in order to facilitate the description of the relation of the fissuros and convolutions of the 
brain to the external surface of the skull. 

A lino drawn horizontally backwards from the middle of the infra-orbital margin, 
through the centre of the outlet of the external auditory meatus, will represent what is 
known a s bas eline, A spot on this base-line in the hollow between the tragus of 

the ear ahffllm conS^o oft mandible is known as the fre-auricvlar voint. 

The hngitvdinal fissure. — Tliis corresi3onds to a line drawn from the jiasion to the 
inion. _ ‘ ““ ^ 

The ^yhnan fissure . — In order to mark out this fissure, a point must be defined by 
carrying horizontally backwards a line for of an inch (thirty-five millimetres) from the 


Fig. 752. — Drawing of a cast by Cunningham to illustrate the relations 
' of the brain to the skull. 



external angular process of the frontal bone, and from the posterior extremity of this 
line a vertical line upwards for half an inch (twelve millimetres) ; the upper end of this 
second line is the point in question, and is known os the Sylvian point. It marks the 
spot where the Sylvian fissure divides. Another and simple plan of defining the Sylvian 
point has beijn devised by E. H. Taylor. Ho divides the distance between the 
naeion and inion into four equal parts, and draws one lino from the junction of the third 
and fourth parts, reckoning from before backwards, to the external angular process of the 
frontal bone ; and a second line, from the junction of the first and second segments to 
tlie centre of the external auditory meatus. The Sylvian point will be the spot whore those 
two lines cross one another, and the first line from this point onwards will lie over the 
posterior limb of the fissure of Sylvius. The Sylvian line — ^that is to say, the lino on the 
surface of the skull which lies over the posterior limb of the fissure of Sylvius — is usually 
marked out by drawing a lino from the Sylvian point to the lower part of the parietal 
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eminence. The ascending limb of the fissure of Sylvius may be marked out by drawing 
a lino upwards, at right angles to the Sylvian line, for nearly an inch (two centimetres ) ; 
and the horizontal limb by a lino of the same length, drawn horizontally forwards from 
the same point. 

The Jissureof Jiolando, — ^Thane defines this fissure by taking pAnfm r%f a. lino bf j- ween 
in^»n fixes Jtoland ic point at half an inch behind this. 

The inferior Rolandic point is definearfiy arawmg a TmeTit" rigW angloT'lo lli’enSase 
Heid, from the pre-auricular point to the Sylvian lino ; this it meets about an inch from 
tlie Sylvian point. By joining theso two points, the Rolandic line, which overlies the 
fissure of Rolando, is mapped out. It forms an angle ope ning forwards, of about 
s &yenty HftgrftRw lyith the me ^ n line. Reid has do vised anotter^ah Tor ''mapping but 
this fissure. He draws two perpendicular lines from the base-line to tho top of the 
head ; ono from the pre-auricular point, and tho other from the posterior border of the 
mastoid process at its root. A lino drawn from the upper extremity of the posterior 


Fio. 753. — ^Relations of tho brain and middle meningeal ar^pry to the surface of the skull. 



1, Naaion ; 2, Iniuti ; 3, Lumbda ; 4, Tissurc of .S.vlviiis ; 5, Fissure of It olun do. AA, Iteid's base hue ; li, Point for 
trephining tlio anterior braiidi of the middle meuingeai artery ; U, {Siiprameatal triangle ; I), Sigmoid bend 
of tho lateral sinus ; F, Point lor trephining over tlic straight portion of the lateral, sinus, exposiiig dura mater 
of both cerebrum and cerobcllum. Outline of cerebral hemisphere indicutc^d in blue ; course of middle meningeal 
artery in red. ^ • 


line to tho point where tho Sylvian line crosses the anterior ono would indicate tho 
position of tho fissure of Rolando. 

Tho external parieto-occipital jfissim' runs outwards at right angles to tho great longi- 
tudinal fissuro for about an inch, from a point one-fiftli of an inch in front of tho lambda 
(posterior fontanelle). Reid states that if the posterior limb of tho fissuro of Sylvius 
be continued backwards to the sagittal suture, the last inch of this line will indicate the 
position of tho sulcus. 

The precentral and postcerUral sulci are situated throe -fifths of an inch in front of 
and behind tho Rolandic fissuro respectively ; they are nearly parallel with this fissure, 
and extend as low as the Sylvian lino. 

The superior frontal fissure may bo mapped out by drawing a lino from the junction 
of tho upper and middle third of the precentral sulcus, in a direction parallel with the 
longitudinal fissure, to a point midw^ay between the middle line of the forehead and the 
temporal ridge, an inch and a half above the supra-orbital notch. 

The inferior frontal fissure follows the course of the su^xirior temporal ridge, commencing 
at the junction of the middle and lower tliirds of the precentral sulcus. 
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The intraparietal fissure begms on a level with the junction of the middle and lower 
third of the fissure of Rolando, on a line carried across the head from the back of the root 
of one auricle to that of the other. After passing upwards, it curves backwards, lying 
parallel to the longitudinal fissure, midway between it and the parietal eminence ; it then 
curves downwards to end midway between the lambda and the parietal eminence. 

The lateral ventricles may be circumscribed, according to A)irior, by describing a 
quadrilateral figure on the side of the head. The upper limit is a horizontal line drawn 
two inches above and parallel with the zygoma : this defines the roof of the ventricular 
cavity. The lower limit is a second horizontal lino drawn half an inch above the zygoma : 
this indicates the level of the extremity of the descending horn of the ventricle. Two 
vertical lines — one drawn through the junction of the anterior and middle thirds of the 
zygomatic arch, and the other two inches liehind the tip of the mastoid process — indicate 
the extent of the anterior horn in front and the |)osterior horn behind. 

Awoi lied Anatom y. —The internal capsule is of groat interest to the clinician because 
it is so often the seaTof haemorrhage (from the lonticulo-striato and lenticulo-optic arteries, 
Charcot’s ‘ arteries of cerebral haemorrhage ’), or of thrombosis, in patients whoso vessels 
are weakened by old ago or disease. A ‘ stroke,’ or ‘ apoplexy ’ is the result ; blood is 
effused from the ruptured vessel and tears up the suiTounding brain tissue, and also interferes 
with the neighbouring fibres by the compression set up by its mass. If the haemorrhage is 
sudden and at all large, rapid and complete loss of consciousnoss follows, with paralysis 
of the opposite side of the body and loss of control over the sphincters. If it is the hinder 
part of tho internal capsule that is involved, the paralysis w'ill be more marked in the leg 
than in tho arm, and will bo associated with hemianacsthosia, and also with homonymous 
hemianopsia (or blindness of tho corresponding halves of the tw^o retinas tho patient being 
unable to see objects on the opposite side of the body). If the hfcmorrhagc is very (’xtensive 
blood often makes its way into the ventricles, and death maj'” follow^ in a few hours or days 
without recovery of consciousness, and with hyperpyrexia. If the liacmorrhago is small, 
consciousness is soon regained, and a fair degree of re(‘Overy from tho paralysis follows, 
particularly in tho leg. If the haemorrhage takes place very slowly, the hemiplegia sots 
in gradually (ingravescent ai3oplcxy), with headache and gradual clouding of the faculties. 
It is tho upper motor neuron (see page 889) that is injured in cerebral haemorrhage ; herujo 
the muscles on the affected side of the body become spastic, with increased reflexes, while 
such muscular atrophy as follows is mainly due to disuse. 


Motor and Sensory Tjiacts 

The anatomy of the various parts of the central nervous system having 
been described, a short account will now be given of the course taken by the 
motor and sensory nerve-tracts. The nietliods employed in elucidating this 
complex subject have already been referred to (page 804). 

Motor Tj^act (fig. 754) 

The constituent fibres of tliis tract are the axis-cylinder processes of cells 
situated in the motor ai’ea of the cortex. At first they are somewhat widely 
diffused, but as they descend through the corona radiata they gradually 
api)roach each other, and pass bet^vecn the lenticular nucleus and thalamus, 
in the genu and anterior two- thirds of the posterior limb of tlic internal capsule ; 
those wdiich occupy the genu are named the geniculate fibres, while the 
remainder constitute the pyramidal fibres. Proceeding downwards they enter 
the crusta or pes of the crus cerebri, the pyramidal fibres occupying the middle 
three-fifths, and the geniculate fibres the innermost fifth of this structure. 
The geniculate fibres then decussate in the middle line w^ith the corresponding 
fibres of the opposite side, and end by arborising around the ceUs of the motor 
nuclei of the cranial nerves. The pyramidal fibres are continued downwards 
into the anterior pyramids of the medulla, and the transit of the fibres from the 
medulla is effected by two paths. The fibres nearest to the anterior median 
fissure cross the middle line, forming the decussation of the pyramids, and 
descend in the opposite side of the cord, as tJie indirect or crossed pyramidal 
tract. Througliout the length of the spinal cord fibres from this column pass 
into the grey matter, to terminate by ramifying around the cells of the anterior 
horn. The more laterally placed portion of the motor tract does not decussate 
in the medulla, but descends as the direct or uncrossed pyramidal tract ; 
these fibres, however, end in the anterior grey horn of the opposite side of the 
spinal cord by passing across in the anterior white commissure. There is 
considerable variation in the extent to which decussation takes place in the 
meduUa, the commonest condition being that in which about two-thirds or 
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throe-fourths of the fibres decussate in the medulla and the remainder in the 
cord. 

The axons of the motor cells in the anterior hom pass out as the fibres of 
the anterior roots of the spinal nerves, along which the impulses are conducted 
to the TTiuscles of the truii and limbs. 

From this it will be seen that all the fibres of the motor tract pass to the 
nuclei of the motor nerves on the opposite side of the brain or cord, a fact 


Fra. 754. — ^Tlie motor tract. (Modified from Poirier.) 



which explains why a lesion involving the motor area of one side causes paralysis 
of the muscles of the opposite side of the body. Further, it will be seen that 
there is a break in the continuity of the motor chain : in the case of the cranial 
nerves this break occurs in the nuclei of these nerves ; and in the case of the spinal 
nerves, in the anterior hom of grey matter. For clinical purposes it is con- 
venient to emphasise this break and divide the motor tract into two portions : 
(1) a series of v/pper motor neurons which comprises the motor cells in the 
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cortex and tlieir descending fibres do\\Ti to tlie nuclei of the motor nerves ; 
(2) a series of lower motor neurons which includes tlie cells of the nuclei of the 
motor cranial nerves or the cells of the anterior horns of the cord and their 
axis-cylinder processes to the periphery.* 

Sensoby Tbact (fig. 755) 

Sensory, impulses are conveyed to the spinal cord through the posterior 
roots of the spinal nerves. On entering the cord these root-fibres divide into 


Fia. 755. — ^The sensory tract. (Modified from Poirier.) 



descending and ascending branches ; the former soon enter the grey matter : 
of the latter some end in the grey matter after a longer or shorter course, while 

* As already mentioned (footnote, page SO.j) a neuron in the posterior horn of the cord 
is probably interposed between each upper and lower motor neuron. 
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others are continued directly into the posterior columns of the cord, where 
they form the fasciculus gracilis and fasciculus cuneatus. From tlie cells of 
the posterior horn, fibres arise which cross the middle line and ascend in the 
peripheral part of tlie lateral column as the tract of Gow ers. Certain observers 
maintain that some of the sensory fibres ascend in the anterior column. The fibres 
of the fasciculus gracilis and fasciculus cuneatus end by arborising around the 
cells of the gracile and cuneate nuclei, and from tlicse cells the fibres of the mesial 
fillet take origin and cross to the opposite side in the senaary decussation. The 
mesial fillet is then joined by the fibres of Gowers’ tract, which have already 
crossed in the cord, and in its further course receives fibres from the cranial 
sensory nuclei of the opposite side, w^ith the exception of the cochlear division 
of the auditory nerve. Ascending through the crus, the fillet gives off some 
fibres to the lenticular nucleus and island of Reil, but the greater part of it is 
carried into the thalamus, where most of its fibres terminate — only a small 
proportion being continued directly into the (;ei*ebral cortex. From the 
grey matter of the thalamus the fibres of the third link in the chain arise 
and pass to the cerebral cortex. The fibres from the terminal nuclei of the 
cochlear nerve pass upwards in the latend fillet, and are carried through the 
l)osierior part of the internal capsule to the temjmral lobe. Further, Gowers’ 
tract gives off a fasci(;ulus which reaches ihe cerebellum through its superior 
peduncles. Jt will be evident, therefore, that in most cases there are tlirce 
cell-stations interposed in th(‘ course of the sensory impulses. For clinical 
pur])oscs, therefore, three neurons arc described. (i) The scries of lower 
sensory neurons comprises the (jells of the x)osterior root ganglia, and their 
p(‘ripheral and (‘entral proct‘sses. Of the two upper se7LS(yry neurons, (2) the 
lower scries includes tJie c(‘lls of the nuclei cuneati and graciles and their 
procc^HSiJS, w'hile (3) the u[)p(n* group contains the cells of the thalami and 
the fibivs passing from these to the cerebral cortex. 

Applied Anatomy. — The chief symptoms of diBeasos of the brain and spinal corddi=jpend 
upon the particular systems of neurons picked out for attack, and some of them may Iw 
briefly summarised as follows. Motor paralysis of tho sjHistic type, with rigidity of the 
muscles and increased reflexes, follows destruction of the upper motor neurons ; Jiaccid 
paralysis, with loss of tho reflexes and rapid muscular atrophy, folloAvs destruction of the 
lower motor neuron. Sensory paralysis follow's injury to any part of tlic sensory path ; 
in tabes it is due to injiuy of the lower sensory neuron, in hemiplegia to destruction of tho 
upper sensory axon as it traverses the i)osterior part of tho internal capsule. Dissociatiu7> 
of sensations, or the loss of some fojins of sensation whik^ others remain unimpaired, is 
seen in a number of conditions such as tabes or syiingomyelia ; it shows that the paths 
through which various forms of sensation travel to the brain are different. Abnormalities 
of rejtex actions are of very great help in the diagnosis of nervous complaints. Tho 
nxxmerom superficialoY shinrejiexes (e.g.ihjc scapular, iiTitation of the sldnover the scapula 
produces contraction of the scapular muscles ; the abdominal, stroking the abdomen causes 
its retraction ; the cremasteric, stroking the inner side of tho thigh causes retraction of 
that side of the scrotum ; tho plantar, tickling tho solo of the foot brings on plantar flexion 
of tlie toes), if present, show’^ that the reflex arcs on whose integrity their existence depends 
arc intact ; but they are often absent in health, and so cannot be trusted to indicate disease. 
The deep reflexes or tendon reactions, such as the knee-jerk or tho tendo Achillis jerk, 
are increased in clironic degeneration of, orgradnallyjncrcasiug pressure on, the pyramidal 
fibres (upper motor rfburon), in nervous or hysterical patients, and when the irritability of 
the anterior cornual cells (low'or motor neuron) is increased, as happens in tetanus or in 
i)oisoping by stry(^hnine. They are lost when tho lower motor or lower sensory neurons 
are diseased, anci in a few" otlior conditions ; absence of the knee-jerk is very rare in health, 
and suggests disease in some part of its reflex arc, in tho third and fourth lumbar segments 
oi the cord, or else, more rarely, grave intracranial or spinal disease cutting off the lower 
from the higher nervous centres. The organic reflexes of the pupil, bladder, and rectum, 
are of tho greatest practical importance. The commonest defect in tho roflexe.s of tho 
pujjil is reflex iridoplcgia, or failure to contract on ex]3osuro to light, without failure to 
contract on convergence (^r atjcommodation (‘ Argyll Robertson ’ pupil). The pupil is 
also contracted (miosis), and may or may not dilate when the skin of tho neck is pinched 
(the cilio-spinal reflex). Micturition is a spinal reflex much under the control of the brain ; 
if the centre for micturition in the second sacral segment is destroyed tho sphincter and 
the walls of the bladder are paralysed, tho bladder becomes distended with urine, and 
incontinence from overflow results. If this centre escapes injury but is cut off more or loss 
completely from impulses descending to it from above, there w'ill be more or loss interfereneo 
with micturition. This varies in dogroo from the ‘ precipitate micturition ’ of tabetic 
patients, who must perforce hurry to pass w"ater the moment the impulse seizes them, to the 
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state of *’ reflex incontinence/ when the bladder automatically empties itself from time to 
time, almost without the patient’s knowledge. Defascatioii is a very similar spinal reflex, 
and is liable to very similar disorders of fuu(;iion. 

The upper motor neuron (page 889) is affected in hemiplegia, the lower motor neuron 
(page 890) in infantile sf)inal paralysis ; bedh these systems of neurons are diseased together 
in the somewhat rare disorders known as amyotrophic lateral sclerosis and progressive 
muscular atrophy. The cliiof symptom here is wasting and weakness in certain groups 
of muscles ; the palsy will be flaccid, with loss of the reflexes, or si)astic, with increased 
reflexes, according as the degeneration mainly involves the low'or or the upper motor neuron. 
The sphincters are affected only in the later stages of these diseases. 

Pathological changes in the lower sensory neuron are the cause of tabes dorsalis or 
locomotor ataxy, w'hich occurs almost entirely in adults who have had syphilis. In tlie 
early or pre-ataxic stage tlie patient may exhibit the Argyll-Robertson pupil (page 891), 
and loss of the knee-jerks, and complain of sharp, stabbing pains (‘ lightning pains ’) in 
the limbs, difficult or precipitate micturition, and sometimes of severe and painful attacks 
of indigestion (gastric crises). In the second or ataxic stage, coming on perhaps years 
later, he will com})lain, in addition, of interference with his powers of getting about and 
turning, although his muscular strength is w'oli preserx ed. He is unable to stand steady 
with his eyes shut or in the dark, his gait becomes exaggerated and stamping in character, 
he has to use a stout stick to w^alk with, and he may suffer from painful crises in various 
parts of the body. (Control over the sphincters is further weakened, and on examination 
there will be found marked in co-ordination of the limbs, zones of anaesthesia about the 
trunk or down the limbs, and marked analgesia (or insensitivencss to pain) when pressure 
is applied to the bones, tendons, trachea, tongue, eyeballs, mammsc, and testes.* The 
ataxy progresses till the tlurd or bed-ridden stage is reached ; control over the sphincters 
is still furtlier lost, and the patient is likely to die of intercurrent disease or of general 
[laralysis of tht^ insane. 

No nervous disease is recognised as dependent uj^on degeneration of either or both of 
the two upper semory neurons. 


MENINGES OF THE BRAIN AND SPINAL CORD 

The brain and spinal cord are enclosed ^vithin three membranes. These 
are named from without inwards : tlie dura mater, the arachnoid membrane, 
and tlie pia mater. 

Thb Dora Matkr 

The dura mater is a thick and dense inelastic membrane, which forms 
an external covering for the brain and spinal cord. The portion whicdi encloses 
the brain differs in several essential partieulars from that which surrounds the 
spinal cord, and therefore it is necessary to describe them separately ; but at 
the same time it must be distinctly understood tliat the two form one complete 
membrane, and are continuous with each other at the foramen magnum. 

The cranial dura mater lines the interior of the skull, and serves the 
twofold puipose of an internal periosteum to the bones, and a membrane for 
the pi'otection of the brain. It is, composed of two layers (jJosely connected 
togetlier, except in certain situations, 'where, as already described (page 737), 
they separate to form sinuses for the passage of venous blood. Upon the outer 
surface of the cranial dura mater, in the situation of the longitudinal sinus, 
ma}^ be seen numerous small whitish bodies, the glandulm Pacchionii, Its 
outer surface is rough and fibrillated, and adheres closely to the inner surface 
of the bones, the adhesion being most marked opposite the sutures and at 
tJie base of the skuU. Its inner surface is smooth and lined by a layer of 
endothelium. It seniLuinwards four processes which divide the cavity of the 
skull into a series of freely communicating compartments, for the lodgment 
and protection of the different parts of the brain ; and it is prolonged to the 
outer surface of the skull, through the various foramina which exist at the 
base, and thus becomes continuous with the pericranium ; its fibrous layer 
forms sheaths for llu^ nerves which pass through these apertures. At the 
base of the skull, it sends a fibrous prolongation into the foramen cflecum ; it 
sends a series of tubular prolongations round the filaments of the olfactory 
nerves as they pass through thf5 cribriform plate, and another round the nasal 
nerve as it passes through the nasal slit ; p, prolongation is also continued 


* J. Grasset, JLe Tahes^ Maladic dv la jrro/onde : Montpellier, 1909. 
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thraugh the sphenoidal fissure into the orbit, and another is carried into the 
same cavity through the optic foramen, forming a sheath for tJie optic nerve, 
Wliich is continued as far as the eyeball. In the posterior fossa it sends a 
process into the internal auditory meatus, ensheathing the facial and auditory 
nerves ; anotlier through the jugular foramen, forming a sheath for the 
structures whicli pass through this opening ; and a third through the anterior 
condyloid foramen. Around the margin of the foramen magnum it is closely 
adherent to the bone, and is continuous with the spinal dura mater. 

Processes. — The processes of the cranial dura mater, which project into 
tlie cavity of the skull, are formed by- reduj)lications of the inner or 
meningeal layer of tlio membrane, and are four in number : the falx cerebri, 
tlie tentorium cerebelli, the falx cerebelli, and the diaphragma sellae. 

so named from its sickle-like form, is a strong, arched 
pi’ocess which descends vertically in the longitudinal fissure between the 
hemispheres of the brain. It is narrow .. in front, where it is attached to the 
<;rista gaJli of the-nihinoid ; and broad^ behind, vrliere it is connected with 
the upper surface of tlie tentorium cerebelli. Ita upper, margin is convex, and 
attaclicid to the inner surface of the skull in the middle line, as far back as 
the internal occi[)ital protuberance ; it contains the superior longitudinal 
sinus. Its lower margin is free, concave, and presents a sharp curved edge, 
w^hich contains the inferior longitudinal sinus. 

The tentorium cerebelli (fig. 756) is au^aj^ched. lamina> of dura mater, 
elevated in tlie middle, and inclining down\vards towards the circum- 


Ftg. 750. — ^Tonlcriuin cerebelli seen from above. 



ference. It ., a s in i g s the upper surface of the cerebellum, and suppotils 
the occipital lobes of the brain. It%. ^anterjjQr r border is free and 
concave, and bouiids a large oval opening, the imisura tentorii, for the 
transmission of the crura cerebri. It is attached, behind, by its convex 
border to the transverse ridges upon the inner surface of the occipital bone, 
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and there encloses the lateral sinuses ; in fron t, to the superior margin of the 
petrous portion of the "temporal bone on either side, enclosing the superior 
petrosal sinuseis, and flit of this bone the free or anterior border and 

the attached or external border meet, and, crossing one another, ar e continued 
forwards to be fixed to the anterior and posterior clinoid processes respectively. 
To the middle line of its upper surface tlic posterior border of the falx cerebri 
is attached, the straight .sinus being phu^ed at their line of junction. 

The falx cerebeMi is a small triangular process of dura mater, received into 
the indentation between the two lateral lobes of the cerebellum behind. Its 
attached, above, to tlio under and back part of the tentorium ; its 
p o n t Ti w n i g in , to the lower division of the vert ical crest on the inner surface 
of the occipital bone. As it descends, it sometimes divides into two smaller 
folds, which are lost on the sides of tlie foramen magnum. 

The diaphragma sellcB is a small circular horizontal fold, which constitutes 
a roof for the sella turcica. This almost completely covers the pituitary body, 
presenting merely a small central opening for the infundibulum to pjiss 
through. 

Structure. — The cranial dura mater consists of white fibrous tissue, with 
connective- tissue cells and elastic fibres arranged in flattened laminae which 
are imperfectly separated by lacunar spaces and blood-vessels into two layers, 
endosteal and meningeal, Tlie endosteal layer is the internal periosteum for 
the cranial bones, and contains the blood-vessels for their siipifiy. At the 
margin of the foramen magnum it is continuous \\'ith the periosttmm lining 
the spinal canal. The meningeal or supporting layer is lined on its inner sui*face 
by a layer of nucleated endothelium, similar to that found on serous membranes : 
these cells were formerly regarded as belonging to the arachnoid membrane. 
By its reduifiicat ion tlie iiKMiingeal layer forms the falx cerebri, th(‘ tentorium 
and falx cerebelli, and tlie diaphragma selhe. Tlie two layei’s arc connected 
by fibres which intinsect each other obliqu(‘ly. 

TJu^ arteries of the dura mater are very numerous. Tliose in tht^ anterior 
fossa are the antf*rior meningeal branches of tlu‘ antmior and posterior 
ethmoidal and internal carotid, and a biaiicli from the middle meningeal. 
Those in the middle fossa ai’e the middle and small meningeal of the internal 
maxillary; a brancli from tlie ascending pharyngeal, which enters the skull 
through the foramen lacerum medium ; branches from the internal carotid, 
and a recurrent branch from the laclnymal. Those in the posterior fossa are 
meningeal branches from the occipital, one of which entci’S the skull through 
the jugular foramen, and the other through the mastoid foramen ; the posterior 
meningeal from the vertebral ; occasional meningeal branches from the 
ascending pharyngeal, which enter the skull through the jugular and condyloid 
foramina ; and a branch from the middle meningeal. 

Tlu^ veins which return the blood from the cranial dura mater anastomose 
with the diploic veins. Tliey terminate in the various sinuses, with the 
exception of the two which accompany the middle meningeal artery; tluiso pass 
out of the skull at the foramen spinosum to join the pterygoid plexus, through 
whi(!h their contents are drained into the internal maxillary vein ; above, 
they communicate with the superior longitudinal sinus. Many of the meningeal 
veins do not open directly into the sinuses, but indirectly tiirough a series of 
ampulla?, termed venous lacunae. These are found on either side of the superior 
longitudinal sinus, especially near its middle portion, and are often invaginated 
by Pacchionian bodies ; they also exist near the lateral and straight sinuses. 
They communicate with the underlying cerebral veins, and also with the 
di])loic and emissary veins. 

The nerves of the cranial dura mater are filaments from the Gasserian 
ganglion, from the ophthalmic, superior maxillary, inferior maxillary, vagus, and 
hypoglossal nerves, and from the sympathetic. 

The spinal dura mater (fig. 757) forms a loose sheath around the cord, and 
represents only the inner or meningeal layer of the cranial dura mater ; the 
outer or endosteal layer ceases at the foramen magnum, its place being taken by 
the periosteum lining the sjunal canal. The dura mater is separated from 
the bony walls of the spinal canal by a space, the epidural space, which contains 
a quantity of loose areolar tissue and a plexus of veins ; the situation of these 
veins between the dura mater of the cord and the periosteum of the vertebrje 
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corresponds therefore to that of the cranial sinuses between the meningeal and 
endosteal layers of the cranial dura mater. It is attached to the circumference 
of the foramen magnum, and to the second and third cervical vertebrae ; it 
is also connected to the posterior common ligament, especially near the lower 
end of the spinal canal, by fibrous slips ; it extends below as far as the lower 
border of the second sacral vertebra, where its 
cavity terminates ; below this level it closely 
invests the filum terminale and descends to 
the back of the coccyx, where it blends with 
the periosteum. The sheath of dura mater is 
much larger than is necessary for the accommo- 
dation of its contents, and its size is greater in 
the cervical and lumbar regions than in the 
thoracic. Its inner surface is smooth. On each 
side may be seen the double openings which 
transmit the two roots of the corresponding 
spinal nerve, the dura mater being continued in 
the form of tubular prolongations on them they 
pass through the intervertebral foramina. These 
prolongations are short in the U2)|)er part '^f the 
spine, but gradually become longer belovv% form- 
ing a number of tubes of fibrous membrane, 
which enclose tlie lower spinal nerves and are 
contained in the spinal canal. 

Structure. — The spinal dura mater resembles 
in structure the meningeal or supporting layer 
of the cranial dura matter, consisting of white 
fibrous and elasthj tissue arrangtul in bands oi‘ 
lamella? which, for the most i^art, are parallel 
with one another and have a longitudinal 
arrangement. Its internal surface is cover(‘d 
by a layer of endothelium, which gives this 
surface its smooth aj^pearance. It is sparingly supplied with blood-vessels, 
and some few nerves ha^^e been t raced into it. 

Subdural space. — T]]<‘ dura mater is separated from the arachnoid by a 
potential space, the subdural space. The two membranes are, in fact, in contact 
with each other, except where they are separat(*d by a minute quantity of fluid, 
wliich just serves to keep the two opposing surfa(!es moist. 

The Arachnoid Membrane 

The arachnoid membrane is a delicate membrane wliich envelops both 
the brain and cord, lying between the pia mater internally and the dura mater 
externally. 

The cranial part of the arachnoid invests the brain loosely, and does not 
dip into the sulci between the convolutions, nor into the fissures, with the 
exception of the longitudinal fissure. On the qpper surface of the cerebrum the 
arachnoid is thin and transparent, and may be easily demonstrated by injecting 
a stream of air beneath it. At the base of the brain the arachnoid is thicker, 
and slightly opaque towards the central part where it extends across between 
the two temporal lobes in front of the pons Varolii, so as to leave a considerable 
interval between it and the brain. 

The spinal pari of the arachnoid is a tJiin, delicate, tubular membrane 
which loosely invests the cord. Above, it is continuous with the cerebral 
arachnoid ; below, it widens out and invests the cauda equina and the nerves 
proceeding from this. Its outer surface is in contact with the inner surface of 
the dura mater, but for the most part the membranes are not connected together, 
though here and there they may be joined together by isolated connective- 
tissue trabeculae, which are most numerous on the posterior surface of the cord. 
The space between the two membranes is the subdural space. 

The arachnoid membrane surrounds the nerves wliich arise from the brain 
and spinal cord, and encloses then! in loose sheaths as far as their points of exit 
from the skull and spinal canal. 


Fig. 757. — The spinal cord 
and its membranes. 
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Structure* — ^The arachnoid consists of bundles of white fibrous and elastic 
tissue intimately blended together. Its outer surface is covered with a layer of 
endothelium. Vessels of considerable size, but few in number, and, according to 
Bochdalek, a rich plexus of nerves derived from the motor division of the fifth, 
the facial, and the spinal accessory nerves, are found in the arachnoid. 

The subarachnoid space is the interval between the arachnoid and pia 
mater. It is not, properly speaking, a spice, for it is occupied everywhere by a 
spongy tissue consisting of trabceulie of delicate connective tissue, and inter- 
communicating channels in which the subarachnoid fluid is contained. This 
so-called space is small on the surface of the hemispheres of the brain ; on the 
summit of each convolution the pia mater and arachnoid membrane are in close 
contact ; but in the sulci between the convolutions, triangular spaces are left, 
in which the subaraclmoid trabecular tissue is found, for the pia mater dips 
into the sulci, whereas the arachnoid bridges across them from convolution to 
convolution. At the base of the brain, in certain situations, tlie arachnoid is 
separated by wider intervals from the pia mater, forming larger spaces, which 
have received the name of cisternce, and in these the subarachnoid tissue is 
less abundant and the communicating channels larger than in those regions 
wtiOHi the two membranes are more closely approximated. 


Fig. 758. — ^Diagram showing the positions of the tlirco principal subarachnoid cistemsB. 



The three principal spaces have been named the cistcrna magna, the cisterna 
pontis, and the cisterna hasalis (fig. 758) ; but it should be clearly understood 
that these spaces communicate freely with each other. The cisterna magna 
is a space, triangular on sagittal section, caused by the arachnoid bridging 
over the interval between the medulla and the under surfaces of the 
hemispheres of the cerebellum ; it is continuous with the subarachnoid 
space of the cord at the level of the foramen magnum. The cisterna pontis 
is a considerable interval between the pia mater and the arachnoid on the 
ventral aspect of the x>ons Varolii. It contains the basilar tartcry, and is 
continuous behind with the subarachnoid space of the spinal cord, and with 
the cisterna magna ; and in front of the pons with the cisterna basalis. The 
cisterna hasalis is a wide inlerval left between the pia mater and the arachnoid, 
whore the latter membrane extends across between the two temporal 
lobes. It encloses tlie crura cerebri and the structures contained in the 
interpeduncular space, and contains the circle of Willis. In front, the cisterna 
basalis -extends forwards on to the upjier surface of the corpus callosum, for 
the arachnoid stretches across from one cerebral hemisphere to the other 
immediately beneath the free border of the falx cerebri, and thus leaves a space 
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in whicli the anterior cerebral arteries are contained. Again, another space is 
formed in front of either temporal lobe by the arachnoid bridging across the 
fissure of Sylvius without dipping down to the bottom of the fissure. This space 
is a prolongation from the cisterna basalis, and contains the middle cerebral 
artery. The subarachnoid space communicates with the general ventricular 
cavity of tlie brain by three openings : one of thes(‘, the foramen of Majendie, 
is in the middle line at the inferior boundary of the fourth vtmtricle ; the 
other two are at the (extremities ol the lateral re(HiSS(»s of tlie fourth veiitricJe, 
behind the upper j*oots of tlu' glosso-j>liaryngeal nei'v("s ; they an^ named tlie 
foramirm of Key and lietzhifi or of Luschka. Tt is stait'd by Meckel that the 
lateral ventricles also communicate with the subarachnoid space at the apices 
of their descending horns. Tliere is no direct communication betwe(‘ii the 
subdural and subarachnoid sj)accs. 

The spinal part of the subarachnoid space is a very wide interval between 
the arachnoid rmunbram' and the pia mat.(‘r, and is largest at tht' lower ])art of 
the sj)inal canal, when' tin* arachnoid membrane encloses the nerves which form 
the cauda cctuina. Superiorly, it is continuous with the cranial subarachnoid 


Fio. 759. — rcjircsentatioii of a section twrouf* tho top of the skull, 
showing the nK'inhrancs of the taain, t\,c. (Modified from Testiit.) 
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space, through which it communicates with the general ventricular cavity of the 
brain, by means of the optmings, in the roof of the fourth ventricle (foramen 
of Majendie and foramirm of Key and Retzius). It is partially divided by a 
longitudinal membranous septum, the septum posticum, which serves to connect 
the arachnoid with tlie pia mater, opposite the posterior median fissure of the 
spinal cord, and forms a partition, which is incomplete and cribriform above, 
but more perfect in the thoracic region ; it consists of bundles of white 
fibrous tissue interlacing with each other. Each of these divisions of the 
spinal subarachnoid space is further subdivided by the Ugamenta denticulata, 
which 'will be described with the pia mater. 

The cerebro-spinal fluid fills up the subaraclinoid space. In the spine it is so 
abundant as to completely fill up the whole of the space included in the dura 
mater. It is a clear limpid fluid, having a saltish taste, and a slightly alkaline 
reaction. According lo Lassaigne, it consists of 98*6 parts of water, the 
remaining 1'6 per cent, being solid matters, animal and saline. It varies in 
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quantity, being most abundant in old persons, and is quickly secreted. Its 
chief use is probably to afford mechanical protection to the nervous centres, 
and to prevent the effects of concussions communicated from without. 

The glandulae Pacchionii, or arachnoid villi (fig. 759), arc small, fleshy- 
looking elevations, usually collected into clusters of variable size, which may 
be seen upon the outer surface of the dura mater, in the vicinity of the superior 
longitudinal sinus, and in some ot luu* situations. Little pits or depressions will be 
found on the corresponding parts of the calvarium, into which these elevations 
are received. Upon laying open the superior longitudinal sinus, villi will be 
found protruding into its interior. Tlu^y are not glandular in structure, but, 
acjcording to lajschka, are enlarged normal villi of the arachnoid. On each 
side of the sinus, and communicating with it, are large venous spaces, named 
lacuncB lateraUs, situated in the dura mater, and into these the villi project. 
As they grow they push thti thinrKMl dura mater Ix'fore th(‘m, and cause absorp- 
tion of the hone fT'om pressure, and so product* tlit*, pits or dtqn-cssions on 
the inner wall of the calvarium. A Pactdiionian body consists of the following 
parts : 1. In t he interior is a core of subarachnoid tissue, which is continuous 
with the meshwork of the general subarachnoid t issue through a narrow pedicle, 
by which the l^icchionian body is attached to the arachnoid. 2. Around this 
tissue is a layer of araclmoid membrane, which limits and encloses the sub- 
arachnoid tissue. 3. Outside this, again, is the thinned wall of the lacuna, 
which is separated from the arachnoid covering the body by a space whicli 
corres])onds to jind is continuous with the subdural space. 4. And finally, 
if the body projects into the longitudinal sinus, it will be covered by the greatly 
thinned uj)per walls of the sinus. It will be seen, therefon*, that- fluid injected 
into the subarachnoid s])ace will find its way into the Pacchionian bodi(*s, 
and it has been found experimentally that it passes by osmosis from th(*s(^ 
bodies into the venous sinuses into which these bodies projccit. The Pacchionian 
bodies arc supposed to be the means by whi(?h excess of eerebro-spinal fluid 
is got rid of, when its quantity is increased above normal. 

These bodies are not seen in infancy, and vtTy ]*arcly until the third year. 
They arc usually found after the seventh year ; and from this p(‘riod tlu*y 
increase in number as age advances. 

The Pia Mater 

The pia mater is a vascular membrane, consisting of a minute plexus of 
blood-vessels, held together by an extremely fine areolar tissue. Th(i cerebral 
pia mater invests tlie entire sui*fac.e of the brain, dips down between tlu^ 
convolutions and laminae, and is j>rolonged into the interior, as an invagination 
forming the velum interpositum or tela chorioidea superior, and the choroid 
plexuses of the lateral and third ventricles. As it passes over the roof of the 
fourth ventricle, it forms the tela chorioidea infcTior and the choroid jilexuses 
of this ventricle. Upon the surfaces of tlu* liemispheres, where it covers the 
grey matt<‘r of the convolutions, it gives off fi*om its inner surface a multitude 
of sheaths, Avhich surround minute ve.ss(‘ls, that c*xtend perp(‘ndicularly for 
some distance into the cerebral substance (see fig. 589, page 653). On the 
cerebellum the membrane is mon* delicate ; the vessels from its inner surface 
are shorter, and its I’clations to the cortex are not so intimate. 

Tlie fypirutl pia mater is thicker, firmer, and less vascular tlian that of the 
brain : this is due to the fact that it consists of two layers, the outer or 
additional one being composed of bundles of connective-tissue fibres, arranged 
for the most part longitudinally. Between the layers are cleft-like spaces 
which communicate wdth tlu* subarachnoid space, and a number of blood- 
v(*ssels which are enclosed in perivascular lymphatic sheaths. The spinal pia 
mater cov(*.rs the entire surface of the cord, and is very intimately adherent 
to it; in front it sends a process bacjkwards into the anterior fissure. A 
longitudinal fibrous band, called by Haller the linea splendens, extends along 
the middle line of the anterior surface ; and a somewhat similar band, the 
ligamcntvm denticulaium, is situated on either side. At the point where the cord 
terminates, the pia mater becomes contracted and is continued down as k long, 
slender filament (filum terminale), which descends through the centre of the 
mass of nerves forming the cauda equina. It blends with the dura mater at the 
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level of the lower border of the second sacral vertebra, and extends downwards 
as far as the base of the coccyx, where it blends with the periosteum. It 
assists in maintaining the cord in its position during the movements of the 
trunk; and is, from this circumstance, called the ceMtral ligament of the cord. 

The pi a mater of both the brain and the spinal cord forms sheaths for the 
nerves as they emerge from the central nervous matter. This slieath is closely 
connected with tlio nerve, and blonds with its common membranous investment. 

The lig^amentum denticulatum 
(figs. 757, 760) is a narrow fibrous band 
situated on either side of the spinal cord 
throughout its entire length, and separat- 
ing the anterior from tlu^ posterior roots 
of the spinal nerves. It has received 
its name from the serrated appearance 
which it presents. Its inner border is 
continuous with the pia mater at the 
side of the (iord. its outer border ])re- 
senls a seri(\s of triangular tooth-like 
y)vocesse8, the points of whicli are fixed 
at intervals to the dura mat(*r. These 
processes are t\\'(‘nty-one in jiumber, on either side, the first being attached 
to the dura mater, o]>posite the margin of tlic foranum magnum, between 
the v(*.rtebrMl artery and the hypoglossal net* v(i ; and the last near th(^ lower 
end of the cord. Its function is to support the c^ord in the fluid by which it is 
surrounded. ^ 

Applied Anatomy . — Evidence of ^real value in the diapfiiosis of meningitis may some- 
times be obtained by puncturing the membranes of the cord and withdrawing some of the 
cerebro-spinal fluid ; moreover the oi)eration of lumbar puncture is in many cases curative, 
under the supposition that the draining of some of the eorcbro-spinal fluid relieves the patient 
by diminishing t he intracranial pressure. The o]K‘ration is performed by inserting a trocar, 
of the smallest size, between the larnitue of the third and fourth, or of tlu' fourth and fifth 
lumbar vertebrie, through the ligamentum subflavum. The spinal cord, even of a child 
at birth, do(is not reach below the third lumbar vertebra, and therefore the i;anal may be 
punctured between the third and fourth lumbar vertebree without any risk of injuring 
this structure. The point of ])uiicturc is indicated by laying the child on its side and 
dropjiing a pcrpondicuilar line from the highest point of the crest of the ilium ; this wdll 
cross the upfier border of the spine f)f the fourth lumbar vertebra, and will indi(;ate the 
level at which the trocar should bo inserted a little to ojie side of tlie middle line. Tlie 
puncture may require to be repeated more than once, and the greatest precaution must bo 
taken not to allow se})tic infection of the meninges. If there be any appreciable increase 
of pressure', the fluid will How through the trocar Avith the greatest freedom. 

In addition to the constitutional signs and symptoms of fever, acute fipiruil meningitis 
PThibits certain characteristic features. Pain and tond^^rIless to pressure along the spinal 
ciolumn are common, and so are pains in the limbs or round the trunk from irritation of 
the posterior nerve-roots by the inflammatory products. Irritation of tlie anterior nerve- 
roots is shoAVTi by the increased tone of the rauselos, whiidi may go on to the point where 
they pass into a state of spasm Nvith much increased ri*flexes ; this is often seen in the 
retraction of the head and neck. Later in tlu'. disease the rcllcjxes are often lost, when, 
also, the urine and fa*ees may be passed involuntarily. 


Fio. 700. — Transverse section of the 
spinal cord and its membranes. 





CRANIAL NP]RVES (NERVI CEREBRALES) 

I'hcre are twelve pairs of cranial nerves ; they are attached to the brain 
and are transmitted through foramina in the base of the cranium. Taken in 
their order, from before backwards, tlie different pairs are named as follows : 


Ist. Olfactory. 

2nd. Optic. 

3rd. Motor oculi. 

4th. Trochlear (Pathetic). 
5th. Trifacial (Trigeminus). 
6th. Abducent. 


7th. Eacial. 

8th. Auditory. 

9th . Glosso-pharyngeal . 

10th. Pneumogastric or Vagus. 
11th. Spinal accessory. 

12th. Hypoglossal. 


The area of attachment of a cranial nerve to the surface of the brain is 
termed its superficial or apparent origin. The fibres of the nerve can, in all 

3 M 2 
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cases, be traced into the substance of the brain to a special centre of grey matter, 
termed tJie rmcleus. The motor or efferent cranial nerves arise from 
groups of nerve-cells situated within the brain, and such groups of cells 
constitute their nuclei of origin. The sensory or afferent cranial nerves 
arise outside the brain from groups of nerve-cells or ganglia derived from the 
neural crest or ganglion ridge, and situated on the trunks of the nerves ; these 
ganglia must therefore be looked upon as tlieir nuclei of origin. The central 

l)i*oeesses of these ganglion-cells 
grow' into the brain, and there 
end by arborising around the cells 
of certain nuclei or collections of 
n(‘rve-cells, wJiieii are termed their 
nuclei of termination. The nuclei 
of origin of the motor nerves and 
the iiiudei of termination of the 
sensory nerves are brought into 
relationslii]) with the cerebral 
cortex, the former through the 
genieulatf' biindle of th(‘ internal 
(*a])sul(‘, the lattcn* through the 
fillet. The geniculate fibres arise 
from tlie cells of the motor area 
of the eorU^x. and, after (crossing 
the middle line, end by arborising 
around the cells of the nuclei of 
origin of th(' motor nerv(\s. On tJie 
other hand, fihr(\s arise' from the 
cells of the nuclei of termination 
of the sensory ner\'(^s, and after eiosaing tlu' op])osit(' side, join tlu' fillet, 
and thus conm'ct iJiese nuclei, directly or indirectly, with tlu' (‘(‘rc'bral cortex. 
As already stated in the chapter on Em bryology (page 127), the cranial lU'rves, 
with the exception of tJa* first and s(*eond, arc' developed in a similar manner 
to tlie spinal nerves. 

Fikst Xkkve (fig. 761) 

The Olfactory nerves (nn. olfactorii) are the nerves of suk'U, and arc 
distributed to the mucous membrane of tlu^ olfactory region of the nose : this 


Fia. 761. — Nf'i ves of septum of nose. 
Right side. 




region eomprisc's lljo supeno^^^^w^nat^^p^ of the ethmoid, and the 
coiresponding part of the nasal septum. The nerves originate from the central 
or deep processes of the olf^itory cells of the nasal mucous membrane. They 
form a plexiform lu^twork in the mucous membrane, and are then collected 
into about twenty bran(;h(^s, which pierce the cribriform plate of the ethmoid 
bone m two groups, an outer and an inner, and terminate in the glomeruli of 
the olfactory bulb (figs, 749 and 762). Each branch receives tubular sheaths 
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from the dura mater and pia mater, the former being lost in the periosteum of 
the nose, the latter in the neurilemma of the nerve. 

The olfactory nerves differ in structure from other nerves in being composed 
exclusively of non-meduUated fibres. They consist of axis-(;ylindcrs with 
distinct nucleated sheaths, in which there are, however, fewer nuclei than are 
found in ordinary non-medullated nerve-fibres. 

The olfactory centre in the cortex is generally associated with the 
rh inencephalon (p. 863). 

Applied AnaJtomy . — Tn severe injuries to the head involving the anterior fossa of the 
base of the skull, the olfactory bulb may become separated from the olfactory nerves, 
thus producing loss of smell (anomnia), and with this there is a considerable loss in the 
sense of taste, since much cf the perfection of the sense of taste is due to the substances 
being also odorous, and simultaneously exciting the sense of smell. 

Anosmia often occurs after influenza or other acute infection of the nose. Parosmia, 
or a perversion of the sense of smell, may occur in lesions of the cortical olfactory centres, 
or in insanity. 

Second Neuve (fig. 763) 

The Second or Qpticjifijcye (n. opticus), the nerve of sight, is distributed 
exclusively to the eyeball. The nerves of o pposite sides are connected together 
at the eoniniissuns and from the back of the Ci)mmis8ure they may bo traced to 
the brain, undc‘r the name of the optic traeta, 

TlK^ pp/Zr tracts at its coimeetioii with the* bi'ain, is divided into two bands, 
external and internal. The external band is the largei* ; it ^ises from the 
external geniculale body and from the,x)ulvinar of the thalamus, and is 
partly eontinuous with tlui brachium of the upper quadrigeminal body. The 
interiml band curves round the c rusta, and <uids in the inttnnal geniculate body ; 
its fibies are merely cor»imissural, forming Guddeu’s commissure. From theiKse 
origins the tract winds obli(j[uely across the under surface of the crus cerebri in 
the form of a flattened band, and is attached 

to the crus by its anterior margin. It then pio. 763.— The left optic nerve and 
assumes a (jylindrieal form, and, as it passes oj)tic tracts, 

forwards, is coniiecdod uith th(5 tuber (dne- 
reurn and lamina terminal is. It finally 

joins with the tra(;t of the o[)posit(^ skh^ to 
form the optic commissure. 

The optic comniissiirc or chiasma, some- 
what quadrilateral in form, nvsts upon the 
olivary (‘FJiiruuicci and on the anterior })art 
of the. diaphragnia selhc, being bounded 
above, by the lamina termin«alis ; bcdiind, 
by the tuber eiriereum ; on either side, by 
tJie anterior perforated space. Within tlu^ 
eommissure, tlic oi)tie nerves of the two 
sides undergo a partial decussation. TIhj 
fibres which form the inm^r uuirgin of each 
tract and jjosterior part of tlie eommissure 
have no connectidn with the optic nerv(*s. 

They simply pass aiTOss the commissure 
from one hemisphere of the brain to 
the other, and connect the internal geni- 
culate bodies of the two sides. They are knovim as the commissure of Guddeyi. 
The remaining and princijjal part of the commissure consists of two sots of 
fibres, crossed and uncrossed. The crossed, which are the more numerous, 
occupy the central part of the commissure, and pass from tlie optic nerve of one 
side to the optic tract of the other, decussating in the commissure with similar 
fibres of the opposite optic nerve. The uncrossed fibres occupy the outer part 
of the chiasma, and pass from the nerve of one side to the tract of the same side.* 

The great majority of the fibres of the optic nerve (fig. 764) consist of tlie 
afferent axons of nerve-cells in the retina ; a few, however, are efferent fibres, and 
grow out from the brain. They become medullated during the last month of 

* A specimen of congenital absence of the optic commissure is to be found in the Museum 
of the Westminster Hospital. See also llcnle, Nerrnilehre, p. 393, ed. 2. 
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fcetal life. The afferent fibres end in arborisations around the cells in the external 
geniculate body, pulvinar, and upper quadrigeminal body, which constitute 
the lower visual centres. From these nuclei other fibres are prolonged to the 
cortical visual centre, whicli, according to most observers, is situated in the 
cuneus, and in the neighbourhood of the calcarine fissure. 

Some fibres are detaclied from the optic tract, and pass through the crus 
cerebri to the nucleus of the third nerve. These fibres are small, and may be 
regarded as afferent branches for tlie Sphincter pupillso and Ciliary muscles. 
Other fibres pass to the cerebellum through its suj)erior peduncles, while others, 
again, are lost in the pons. 

Fio. 704. — Scheme showing central connections of the optic nerve and optic tract. 



The optic nerves arise from the fore part of the commissure, and, diverging 
from one another, each becomes rounded in form and firm in texture, and is 
enclosed in a sheath derived from the pia mater and arachnoid. As the nerve 
passes through the corresponding optic foramen, it receives a slu^ath from the 
dura mater ; and as it enters tlie orbit this sheath divides into two layers, 
one of which becomes continuous with the periosteum of the orbit ; the other 
forms the proj)er sheath of the nerve, and surrounds it as far as the sclera. 
The nerve passes forwards and outwards through the cavity of the orbit, 
pierces the sclera and the clioroid coat at the back part of the eyeball, about 
one-eighth of an inch to the nasal side of its centre, arid expands into the 
internal layer of the retina. A small artery, the arteria centralis retincBy 
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perforates the optic nerve a little behind the globe, and runs along its interior 
in a tubular canal of fibrous tissue. It supplies the inner surface of the 
retina, and is accompanied by corresponding veins. The retina is described 
with the anatomy of the eyeball. 

Applied Anatomy . — The optic nerve is i)ecu1iarly liable to become the aeot-of neoiitis 
or undergo atrophy in alfc&tiona of the central, nervous system, and ae a rule the patho- 
logical relationship between the two affections is exceedingly difficult to trace. There are, 
however, certain joints in connection with the anatomy of this nerve which tend to throw 
light upon the frequent association of these affections with intracranial disease. (1 ) From 
its mode of development, and from its structure, the optic nerve must be regarded as a 
prolongation of, the .hrauksubstaiice, rather than as an ordinary cerebro-spina! nerve. 
(2) As it passes from the brain it_reeeivos sheaths from the three cerebral uaejubranes, 
a perineural sheath from the pia mater, ^n intermediate sheath from the arachnoid, 
and an outer sheath from the dura mater, which is also connected with the periosteum 
as it passes through the optic foramen. These sheaths are separated from each other by 
spaces, which communicate i^ith the subdural and subarachnoid spaces respectively. 
The innermost or perineural sheath sends a process around the artoria centralis retinae into 
the interior of the nerve, and enters intimately into its structure. Thus inflammatory 
affections of the meninges or of the brain may readily extend along these spaces, or along 
the interstitial connective tissue in the nerve. 

The course of the fibres in. tha optic commissure has an important pathological bearing, 
and has boon the subject of much controversy. Microscopic examination, experiments, 
and pathology all seem to point to the fact that there is a partial decussation of the 
fibres, each optic tract supplying the corresponding half of each eye, so that the right 
tract supplies the right half of each eye, and the left tract the left half of each eye. At the 
same time CharcQt,.l)eliove3, and his view has met with general acceptation, that the fibres 
which do not decussate at the optic commissure have already decussated in the corpora 
qiiadrigomina, so that the lesion of the cerebral centre of one side causes complete blindness 
of tlie opiiosite eye, because both sets of dexjussating fibres arc destroyed ; whereas if one 
tract, say the right, bo destroyed by disease, there will be blindness of the right lialf of both 
retime. 

An antero-posterior section through the commissure would divide the decussating 
fibres, and would therefore produce blindness of the inner half of each eye ; while a section 
at the margin of the side of the optic commissure would produce blindness of the extefttal 
half CTthe retina of the same side. An early symptom of tumour-growth in the pituitary 
~Bo3ty would be pressure on the commissure. 

Tlie optic nerve may also be affected in injuries or diseases involving the orbit ; in 
fractures of the anterior fossa of the base of the skull ; in tumours of the orbit itself, or 
those invading this cavity from neighbouring parts. 


Third Nerve (figs. 765, 766, 767, 769) 

The Third or Mot or -^ w li nerve (n. oculomotorius) supplies all the muscles 
of-"th€K)rbit, except the Superior oblique and External rectus ; it also supplies, 
through its connection with the ciliary ganglion, the Sphincter muscle of the 
iris and the Ciliary muscle. It is a rather large nerve, of rounded form and 
firm texture. 

The fibres of the third nerve ajige-from a nucleus which lies in the grey 
matter of the floor of the aqueduct of Sylvius and extends in front of the 
aqueduct for a sl^ort distance into the flodt of the third ventricle. From 
their nucleus of origin the fibres pass forwards through the tegmentum, the rod 
nucleus and the inner part of the substantia nigra, forming a series of curves 
\^dth their convexity outwards, and emerge from the oculo-motor sulcus on the 
inner side of the crus cerebri. 

The nucleus of the oculo-motor nerve does not consist of a continuous 
column of cells, but is broken up into a number of smaller nuclei, which may be 
arranged in two groups, anterior and posterior. Those of the posterior group 
are six in number, five of which are symmetrical on the two sides of the middle 
line, while the sixth is centrally placed and is common to the nerves of both 
sides. The anterior group consists of two nuclei, an antero-internal and an 
antero-external (fig. 765). 

The nucleus of the third nerve is said to give fibres to the seventh nerve, 
which probably supply the Orbicularis palpebrarum, Corrugator supercilii, and 
anterior belly of the Occipito-frontalis.* It is also connected with the nuclei 


* See foothote, p. 841. 
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of the fourth and sixth nerves, with the cerebellum, upper quadrigeminal body 
and cortex of the occipital lobe of the cerebrum. 

The nucleus of the third nerve. 


Fia. 765. — Figure showing the dif- 
ferent groups of cells, which consti- 
tute. accor&ng to Perlia, the nucleus 
of origin of the motor oouli nerve. 
(Testut.) 
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considered from a physiological stand- 
point, can be subdivide^d into several 
smaller groups of cells, each group 
controlling a particular muscle. The 
nerves to the different muscles appear 
to take their origin from behind for- 
wards, as follows : Infenor oblique, In- 
ferior rectus, Superior rectus, Levator 
})alpebra?, and Internal rectus ; while 
from the anterior end of the nucleus 
the fibres for accommodation and for 
the Sphincter jiupilla'. take their origin. 

On emerging from the brain, tlie 
nerve is invested with a sheath of 
pia niater, and enclosed in a prolonga- 
tion from the arachnoid. It passes 
between the superior ccu’cbellar and 
posterior eerebi’al arteries, and then 
pifu-ces the dura mater in front of 
and external to the posterior elinoid 
process, passing between the free and 
attached borders of the tentorium, 
Avliicli are prolonged forwards to Ix^ 
connected with the anterior and pos- 
terior cliuoid processes of the sphenoid 
bone. It i)asses along the outer wall 
of the cavernous sinus, above the 
other orbital uervc‘s, receiving in its 
eours(von(‘ or two filaments from the 
cavernous plexus of the Hym})atlietic, 
and a (*omiminicatingbranclifrom the 
first division of the fifth. It tlien 
divides into two branches, which enter 
the orbit through the sphenoidal 
fissure, between the two heads of the 
External rectus muscle. On })assing 


Ftg. 766. — Plan of the motor oculi nerve. (After Flower.) 



through the fissure, the nerve is placed below the fourth nerve and the frontal 
and lachrymal branches of the ophthalmic nerve, while the nasal nerve is 
placed between its two divisions. 
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The superior division (ramus superior), the smaller, passes inwards over 
the optic nerve, and supplies the Superior rectus and Levator palpebra?. The 
inferior division (ramus inferior), the larger, divides into three branches. One 
passes beneath tiie optic nerve to the Internal rectus ; another, to the Inferior 
rectus; and the third, the longest of the three, runs forwards between the 
Inferior and External recti to the Inferior oblique. From this latter a short 
thick branch (radix brevis ganglii ciliaris) is given off to the lower part of the 
lenticular ganglion, and forms its inferior root. All tliese branches enter the 
muscles on their ocular aurfa(!<is, with the exception of tlie nerve to the Inf €;rior 
oblique, which enters tlie muscle at its posterior border. 


Fjo. 767. — Xerves of the orhil. 
Seen from above. 


In fl'tl- 


Applied Anatom//.— -Paralysis of the third nerve may be ihv, result of many causes, 
such as cerebral disease ; or conditions causing pressure on the cavernous sinus ; or 
periostitis of the bones entering into the formation of the splienoidal fissure. It results, 
when complete, in (1 ) ptosis, or drooping of the up|>er eyelid, in eonserpicncc of tlie Levator 
palpobrsB being paralysed ; (2) external strabismus, on account of the unopposed action 
of the External rectus and Superior oblique muscles, which are not supj)licd by the third 
n(‘rve and are therefore not paralysed ; (3) dilation of the pupil, because the sphincter 
fibres of the iris are paralysed ; (4) loss of power of acc.ommodation and of contraction on 
exposure to light, as the Sphincter jnipillfe, the Ciliary muscle, and the Internal rectus are 
paralysed ; (5) slight prominence of the eyeball, owing to most of its mueclos being relaxed ; 
(6) the patient will complain most of the diplojiia, or double vision that occurs, the false 
image being highei' than the true, and the separation of the two imagcjs increasing with 
movements inw^ards. Oei‘asionally paralysis may alToet only a part of the nerve — that is 
to say, there, may be, for example, a 
dilated and fixed pupil, with ])tosis, 
but no other signs. Irritation of the 
nerve causes spasm of one or other of 
the muscles supplied by it ; thus, there 
may be internal sfrabisiniis from 
spasm of the Internal reetus ; accom- 
modation for near objects only, from 
spasm of the, C^iliary muscle ; or miosis 
(contraction of the ])upil) from irrita- 
tion of the Sphincter of the juipil. 

The third nerve is [)articularly 
liable to become involved in a 
syphilitic periarteritis as it leaves 
the base of the brain, w'hen passing 
between the jiosterior cerebral find 
superior cerobtillar arteries ; sissociated 
■with locomotor fitaxia various jiartial 
or complete paralyses of tlu^ iu;rve are 
often seen. 

Fourth Nerve (fig. 767) 

The Fourth or Trochlear 
nerve (n. troc}dearis),the smallest 
of the crania] nerves, supjdics 
the Superior oblique muscle of 
the eyeball. 

It arises from a iiu(;l(?us 
situated in the floor of tJie 
Sylvian aqueduct, opposite tlie 
upper part of tlie lower quadri- 
geminal body. From its origin 
the nerve runs outwards and 
downwards through the tegmen- 
tum, and then turns backw^ards 
and inwards into the upper part 
of the valve of Vieussens. Here 
it decussates with the corre- 
sponding nerve of the opposite 

side and emerges from the surface of the valve at tlie side of tlie fraenulum 
veli, immediately behind the lower quadrigeminal body. 
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Emerging from the valve of Vieussens, the nerve is directed outwards across 
the superior peduncle of the cerebellum, and then winds forwards round the 
outer side of the crus cerebri, immediately above the pons Varolii, pierces the 
dura mater in the free border of the tentorium ccrcbelli, just behind, and external 
to, the posterior clinoid process, and passes forwards in the outer wall of the 
cavernous sinus, between the third nerve and the ophthalmic^ division of the 
fifth. It crosses the third nerve, and enters the orbit through the sphenoidal 
fissure. It now becomes the higiiest of all the nerves, and lies at the inner 
extremity of the fissure internal to the frontal nerve. In the orbit it passes 
inwards, above the origin of the Levator palpebrsc, and finally enters the 
orbital surface of the Superior oblique. 

Branches of communication . — In the outcu- wall of the cavernous sinus the 
fourth nerve forms communications with the ojihthalmicj division of the fifth and 
with the cavernous plexus of the sympathetic. In the sphenoidal fissure it occa- 
sionally gives off a branch to the lachrymal nerve. Branches of distribution . — 
It gives off a recurrent branch, which passes backwards between the layers of 
the tentorium, dividing into two or three filaments which may be tracecl as far 
back as the wall of the lateral sinus. 

Applied Anatomy . — When the fourth nerve is paralysed there is loss of function in the 
Superior oblique, so that the ])atient is unable to turn his eye downwards and outwards. 
Should the patient attempt to do this, the eye of the aticeted side is twisted inwards, 
producing diplopia or double vision. Single vision exists in the whole of the field so long 
as the eyes look above the horizontal plane, but diplopia occurs on looking downwards. 
To counteract this the patient holds his head forwards, and also inclines it to the sound side. 


Fifth Nerve 

The Fifth or Trifacial nerve (n. trigeminus) is the largest cranial nerve. 
It resembles a spinal nerve : (1) in arising by t\vo roots, a motor arui a seiisory ; 
and (2) in having ac^jailijlion developed on its sensory root. It is the great 
sensory .nerve of the head, and face, and the motor nerve of the muscles of 
mastication. It divides into tjiree divisions, tJic first and second of wdiioh are 
entirely sensory, the third is partly sensory and partly motor. 

It emerges from the side of the pons Varolii, near its upper border, by a small 
motor and a large sensory root — the former being situated in front and to the 
inner side of the latter. 

The fibres of the motor root- arise from two nuclei, an upper and a lower. 
The 'up'ppr n/tiAouji consists of a strand of cells which occupies the wdiolo length of 
the lateral portion of the grey matter of the Sylvian aqueduct. The lower or 
chieXjtfVoLeus is situated in the upper part of the pons Varolii, close to its dorsal 
surface, and along the line of the lateral margin of the fourth ventricle. The 
fibres from the upper nucleus constitute the mesencephalic or Sylvian root : they 
descend through the mid-brain, and, entering the pons, join with the fibres from 
the lower nucleus ; and the motor root, thus formed, passes forwards through the 
pons to its point of emergence. 

Tho £brG&,Qljth^^MCiri/ toot arise from the cells of the Gasserian ganglion 
which lies in a cavity of Uib dura mater near the apex of the petrous part of the 
temporal bone. They pass backAvards and inwards below the superior petrosal 
sinus and tentorium ccrcbelli, and, entering the pons, divide into upper and lower 
roots. The..uppca: root terminates partly in a nucleus which is situated in the 
pons on the outer side of the lower motor nucleus, and partly in the locus 
cooruleus ; thfe. lower JCPOt. diescends through the pons and medulla, and ends 
in the upper part of the substantia gclatinosa of Rolando. This lower root is 
sometimes named the ascending root of the fifth nerve. MeduUation of the 
fibres of the siHisory root begins about the fifth month of foetal life, but the 
whole of its fibres are not medullated until the third month after birth. 

The Gasserian gang^lioi^ (ganglion semilunare) occupies a cavity (cavwm 
Meckelii) in the dura mateiTwhich is situated on a depression near the apex 
of the petrous part of tlie temporal bone. It is somewhat crescentic in shape, 
with its convexity directed forwards ; internally it is in relation with the internal 
carotid artery and the posterior part of the cavernous sinus. The motor root 
runs forwards and outwards in front and to the inner side of the sensory root, 
and then passes below the ganglion without having any connection with it ; 
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it leaves the skull through the foramen ovale, and, immediately below this 
foramen, joins the inferior maxillary nerve. Besides the motor root, the large 
superficial petrosal nerve lies underneath the ganglion. 

Branches of communication, -This ganglion receives, on its inner side, fila- 
ments from the carotid plexus of the sympathetic. Branches of distribution, — It 
gives off minute brancluvs to t he tentorium cerebelli, and to the dura mater in the 
middle fossa of tlie cranium. From its convex border, which is directed for- 
wards and outwards, three large brandies proceed, viz. the ophthalmic, superior 
maxillary, and inferior maxillary. The ophthalmic and superior maxillary 
consist exclusively of fibres derived from the ganglion, and are solely nerves of 
common sensation. The third division, or inferior maxillary, is joined outside 
tiie cranium by the motor root, and is, therefore, strictly sjicaking, the only 
portion of the fiftli nerve wliicli can be said to resemble a spinal nerve. 

Associated with the three divisions of the fifth nerve arc four small ganglia. 
ophthalmic gamjlion is connected with tlie first division ; the spheno-palatine 
or MeckeVs ganglion witli tlie second; and the otic and suhmaxillary ganglia 
with the third. All the four receive sensory filaments from the fifth, and motor 
and sympathetic filaments from various sources ; these filaments are called 
th(‘ roots of the ganglia, 

OPHTiTALMir Nekve (figs. 767, 768, 769) 

Tlie Ophthalmic nerve (n. ophthalmicus), or first division of the fifth, is a 
senso^:yjjLcrye. It supplies sensory branches to the cornea, ciliary muscle, and 
ins ; to the lachrymal gland and conjunctiva ; to a part of the mucous membrane 
of tlie nasal fossic ; and to the intt^gument of the eyelids, eyebrow, forehead, and 
nose. It is the smallest of the three divisions of the fifth, and arises ii*om the 
upper part of the Gasserian gangUou as a short, flattiuied band, about an 
inch in length, which passes forwards along the outei* wall of the cavernous 
iduns, below the third and fourth nerves ; just before entc^ring the orbit, 


Fig. 7(50. — Xerves of the orbit and ophthalmic ganglion. Side view. 



through the sphcuoidjil fissuj^, it divides into three branches, lachrymal, 
frontal, and nasal. 

Branches of communication. — The ophthalmic nerve is joined by filaments 
from the caviunous ph'xus of the sympathetic, and communicates with the third, 
fourth, and sixth nerves. 

Branches of distribution. — The ophthalmic nerve gives off a recurrent filament 
which passes between the layers of the tentorium ; it then divides into : 

Lachrymal. Frontal. Nasal. 
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The lachrymal nerve (n. lacrimalis) is tlie smallest of the three branches 
of the ophthalmic. It sometimes receives a fUament from the fourth nerve, 
but this is possibly derived from the branch of communication which passes 
from the ophthalmic to the fourth. It passes forward in a separate tube of 
dura mater, and enters the orbit through the narrowest j)art of the sphenoidal 
fissure. In the orbit it runs along the upper border of the External rectus 
muscle, with tlic lachrymal artery, «and communicates with the temporo-maln]- 
branch of the superior maxillary. It tmters the lachrymal gland and givciS off 
several filaments, which supi)ly the gland and th(^ conjunctiva. Finally it 
pierces the suptu’ior palpebral ligament, and terminates in tlie iriteguimmt 
of the upper eyelid, joining with filaments of tlie facial nerve. The lachrymal 
nerve is occasionally absent, and in such cases its j^lace is taken by the 
temporal branch of the superior maxillary. Sometimc'S the latter branch is 
absent, and a continuation of the lachrymal is substituted for it. 

The frontal nerve (n. frontalis) ia.thciai’gest division of the ophthalmic, 
and may be regarded, both from its size and dijcction, as tins continuation 
of the nerv(^. It enters the orbit through the sphenoidal fissure, and runs 
forwards along the middle line, between iJie Levator palpebrss and tlie 
periosteum. Midway between the apex and base of the orbit it divides into 
two branches, supra trochlear and supraorbiiaJ. 

ntrvv (n. supratrochlearis), the smaller of the two, pMses 
inwardSj. above “The pulley of the Sup(‘rior oblique muscle, and gives off a 
descending tilament, which joins with tlu^ iiifraUochlear branch of the nasal 
nerve. Tt then escapes from the orbit between the pulley of the Superior 
oblique and the supraorbital foramen, curves up on to the forehead close to 
the bone, ascends beiu‘.ath the Corrugator supercilii and Occipito-frontalis 
muscles, and dividing into braiu.'lics, which piercic these muscles, it supplies 
the integument of the lower part of tlie forehead on either side of tlm 
middle line and sends filaments to the conjunctiva and skin of the u}>per 
eyelid. 

Thf^ ??fprrrrirfu‘/rd mrrr (n. supraorbitalis) j)asses forwards through .JJie 
supracMrbitai.-£ocai^ and gives off, in this situation, palpebral filanu^nts to 
the upper eycjlid. It then ascends upon the forehead, and terminates in two 
branches, an inner and an outer, which supply the integument of the cranium, 
reaching nearly as far back as the parieto-orrcipital suture. They are at first 
situated bciieath the Occipito-frontalis, the inner branch perforating the 
frontal portion of the muscle, tin* outer branch its tendinous aponeurosis. 
From its two branches, small twigs pass to the pericranium. 

The nasal nerve (ri. nasociliaris) is intermediate in size between the frontal 
and lachrymal, and is more deeply placed than the other branches of the 
ophthalmic. It enters the orbit between the two heads of the External rectus, 
aitd runs obliquely inwards across the optic nerve, beneath the Superior rectus 
and Superior oblique muscles, to the inner wall of the orbit. Here it passes 
through the anterior ethmoidal foramen, and, entering the cavity of the cranium, 
traverses a shallow groove on the front part of the cribriform plate of tlie ethmoid 
bone, and runs down, through tlie slit by the side of the crista galli, into the 
nose, where it divides into two branches, an kiternal and an external. The 
internal branch supjJlieB the mucous membrane near the fore part of the septum 
of the nose. The external branch descends in a groove on the inner surface of 
the nasal bone, and supplies a few filaments to the mucous membrane covering 
the fore part of the outer wall of the nares as far as the inferior turbinated 
bone ; it then leaves the cavity of the nose, between the lower border of the 
nasal bone and the upper lateral cartilage, and, passing down beneath the 
Compressor nasi, supplies the integument of the ala and the tip of the nose, 
joining with the facial nerve. 

The branches of the nasal nerve are, the ganglionic^ long ciliary, and 
infratrochlear. 

The ganglionic branch (radix longa ganglii ciliaris), about half an inch in 
length, usually arises from the nasal between the two heads of the External 
rectus. It passes forwards on the outer side of the optic nerve, and enters 
the postero-superior angle of the ciliary ganglion, forming its sujw^rior or long 
root. It is sometimes joined by a filament from the cavernous plexus of the 
sympathetic, or from the superior division of the third nerve. 
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The long ciliary nerves (nn, ciliaros longi), two or three in number, are given 
off from the nasal, as it crosses the optic nerve. They accompany the short 
ciliary nerves from the ciliary ganglion, pierce the posterior part of the sclerotic,, 
and running forwards between it and the choroid, are distributed to the Ciliary 
muscle, iris, and cornea. 

The infratrochlear narve (n. infratrochlearis) is given off just before the nasal 
nerve enters the anterior ethmoidal foramen. It runs forwards along the upper 
border of the Internal rectus, and is joined, near the pulley of the Superior 
oblique, by a filament from the siipratroch]('.ar nerve. It then passes to the 
inner angle of tlie eye, and supplies the integument of llie eyelids and side of 
the nose, tJie conjunctiva, lachiymal sac, and caruncula lacrimalis. 

Ophthalmic Ganglion (figs. 766, 769) 

The ophthalmic or lenticular g-ang-lion (ganglion ciliare) is a small, 
quadrangular, flattened ganglion, of a reddish-grey colour, and about the size 


Fig. 770 . — 'Distribution of the second and third divisions of the fifth nerve, 
and subinaxillcarv ganglion. 



of a pin’s head, situated at the bai^k part of the orbit, in some loose fat between 
the optic nerve and tlie External rectus muscle, lying generally on the outer 
side of the ophthalmic artery. 

<€ts branches of communication, or roots, are three, all of which enter its 
posterior border. One, tlie long or sensory root, is derived from the nasal branch 
of the ophthalmic, and joins its postero-superior angle. The second, the short 
or motor root, is a short, thick nerve, occasionally divided into two parts, which 
is derived from the branch of the third nerve to the Inferior oblique muscle, 
and is connected with the postero-inferior angle of the ganglion. The third, the 
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sympathetic root, is a slender filament from the cavernous plexus of the 
sympathetic. This is frequently blended with the long root, though it sometimes 
'passes to the ganglion separately. According to Tiedemann, tliis ganglion 
receives a filament of communication from the spheno-pal aline ganglion. 

Its branches of distribution are the short ciliary nerves (nii. cilitares breves). 
These are delicate filaments, from six to ten in number, which arise from the fore 
part of the ganglion in two bundles connected with its superior and inferior 
angles ; the lowci* bundle is the larger. They run forwards with tlie ciliary 
arteries in a wavy course, one set above and the other below the o])tic nerve, 
and arc accompanied by the long ciliary nerves from the nasal. They pierce 
the sclera at tljc back part of the globe, pass forvv'ards in delicate grooves 
on its inner surface, and arc distributed to tJio Ciliary muscle, iris, and cornea. 
Ti(?demann has described one small brancJi as penetrating the optic nerve 
with the arteria (jcntralis retina\ 


SupEiiiou Mixillary Nerve (fig. 770) 


The Superior maxillary nerve (n. m axillaris), or second division of the 
fifth, is a sensory nerve. It is intermediate, both in position and size, between 
the oplithalinic and infe^rior maxillary. It (*omm(^nces a.t tlie middle of the 
(hissorian ganglion as a flattened ])lexiform band, and, passing hoi izontally 
forwards, it leavers the skull through the foramen rolundurn, wdu^rc it becomes 
more cylindrical in form, and firmer in texture. It tluiu crosstis the spheno- 
maxillary fossa, inclines outwards on tlu^ ba(*h of the maxilla, and enters the 
orbit tlirough the splieno-max illary fissiin^ ; it traversi^.s the infraorbital gi-oove 
and canal hi the floor of the orbit, and appt;ars uiioii the face at the infraorbital 
foramen.* At its t('miiiiation, the nerve lies beneath tlie Levator labii 
superioris muscle, and divides into a leasli of branches which spread out ui)on 
the side of the nose, the lowxu* eyelid, and the upper li[), joining witli filaments 
of the facial nerve. 

BrancJivs of distribution, —The branches of this nerve may be divided into 
four groups, according as tljcy are given off in the cranium, in the splu^no- 
maxillary fossa, in the infraorbital canal, or on the face. 


In the cranium 

In the sjihcno-maxillaTy fossa 

In the infraorbital canal 

On the face 


Meningeal. 

Orbital or temporo-malar. 
Hpliono-palatine. 

Posterior superior dtmtal. 
Middle sujicrior dental. 
Anterioi- superior dental. 
Palpebral. 

Nasal. 

Labial. 




I'lic meningeal branch (n. meningcus medius) is given off from tJie nerve 
directly after its origin from the Gasserian ganglion ; it accompanies the middle 
meningeal artery and supplies tlic dura mater. 

The or temporo-malar branch \n, zygomaticus) arises in the 

spheno-maxillary fdssa, enters the orbit by thc^ splieno-maxillaiy fissure, and 
divides at the back of that cavity into two branches, temporal and malar. 

The temporal branch zygpmaticotemporalis) runs along the outer 

wall of the orbit in a groove intne malar bone, receives a branch of communi- 
cation from the lachrymal, and, passing through a foramen in the malar bone, 
enters the temporal fossa. It ascends between the bone, and substance of the 
Temporal muscle, pierces the ti^mporal fascia about an inch above the zygoma, 
and is distributed to the integument covering the temple and side of the 
forehead, communicating with the facial nerve and witli the auriculo-temporal 
branch of the inferior maxillary. As it pierces the temporal fascia, it giv<|j^off 
a slender twig, which runs between the two layers of the fascia to the outer 
angle of the orbit. 

The malar branch (ramus zygomaticofacialis) passes along the external 
inferior angle of the orbit, emerges upon the face through a foramen in the 

* After it enters the infr&orbital canal, the nerve is frequently called the imfraorHial. 
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malar bone, and, perforating the Orbicularis palpebrarum muscle, supplies the 
skin on the prominence of the check. It joins with the facial nerve and with 
the palpebral branches of the superior maxillary. 

The spheno-palatine branches, two in number, descend to the spheno- 
palatine ganglion. 

The posterior superior dental branches (rami alveolares superiores 
posteriorcs) arise from tlie trunk of the nerve just as it is about to enter the 
infraorbital groove ; tlu^y are generally tvo in number, but sometimes arise 
by a single trunk, and immc'diately divide and pass doM iiwards on the tuberosity 
of the maxilla. They give olf several twigs to the gums and neighbouring 
))arts of the mucous membrane of the cheek. They tljen enter the posterior 
dental (;anals on the zygomatic; surface of the maxilla, and, passing from 
b(;hind forwiiids in the substance; of the; bone, (lornmunicate with the middle 
dental nerve, and give off branches to th(‘ lining m(‘mbrane of th(‘ antrum and 
three twigs to each molar tooth. These twigs enter the foramina at the apices 
of the fangs, and supply the })ulp. 

The middle superior dental branch (ramus alvt;olaris superioi* niedius) is 
given off from the superior maxillary nerve in the back part of the infraorbital 
c!anal, and runs downwards and forwards in a sp(;cial canal in the outer wall 
of tJic; antrum to su])ply the two Ihscupid teetli. It forms a plexus (plexus 
dentalis superior) with tlie posterior and ante^rior dental branches. 

At its point of (‘oinnmnioiitioii with the posterior branch is a slight thickening which 
has received the name of the gavijlion of Valentin ; and at its point of coniTnunication 
with the anterior branch is a second enlargement, whieli is called tlie (janylion of Bochdaleh. 
Neither of these is a true ganglion. 

The anterior superior dental branch (ramus alveolaris superior 
anterior), of considerable size, is given off from the superior maxillary nerve 
just before its exit from tin; infraorbital foramen ; it enters a special canal 
in the anterior wall of the antrum, and divides into a series of branches which 
supply the incisor and canine teeth. It communicates with the middle dental 
nerve, and gives off a naanl branch, uhieli passes through a minute canal into 
the nasal fossa, and supxdies the mucous membrane of the fon; part of the 
inferior meatus and the floor of this cavity, communicating with tlu; nasal 
branches from Meckel’s ganglion. 

The palpebral branches (rami palpchrales inferiorcs) pass upwards 
beneath the Orbicularis palpebrarum. They supply the integument and 
conjunctiva of the lower (;yelid, joining at the outer angle of the orbit with 
the facial nerve and malar brancJi of the orbital. 

The nasal branches (rami nasales externi) pass inwards ; they supply 
the integument of the side of the nose, and join with the nasal branch of the 
ophthalmic. 

The labial branches (rami labiales superiores), the largest and most 
numerous, descend beneath the Levator labii superioris, and are diptribut(?d 
to the integument of the upper lip, the mucous membrane of the moutli, and 
labial glands. 

All these brandies are joined, immediately beneath the orbit, by filaments 
from the facial nerve, forming an intricate plexus, the infraorbital, 

Spheno-palatine Ganglion (fig. 771 ) 

The spheno-palatine ganglion (ganglion sphenopalatinum), or ganglion 
of Meckel, the largest of the ganglia associated with the branches of the 
fifth nerve, is deeply placed in tht* spheno-maxillary fossa, close to the spheno- 
palatine foramen. It is triangular or heart-shaped, of a reddish-grey colour, 
and is situated just below* the superior maxillary nerve as it crosses the fossa. 

Branches of communication , — Like the other ganglia of the fifth nerve, the 
spnino-palat ine possesses a m otor , a sensory, and a sympathetic root. Its sensory 
root, is derived from the superior maxillary nerve through its two spheno-palatine 
branches. Tlicse branches of the nerve, given off in the spheno-maxillary fossa, 
descend to the ganglion. Their fibres, for the most part, pass in front of the 
ganglion, as they proceed to their destination, in the palate and nasal fossa, and 
axe not incorporated in the ganglionic mass ; some few" of the fibres, however. 
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enter the ganglion, constituting its sensory root. Its motor root is probably 
derived from the facial nerve through the large superficial petrosal nerve but this 
nerve consists chiefly of sensory fibres, and its symjmthetic root^ from the carotid 
plexus, through the large deep petrosal nerve. These two nerves join together 
to form a single nerve, the Vidian,^ before their entrance into the ganglion. 

The large superficial petrosal branch (n. petrosus superficial is major) is 
given off from the geniculate ganglion of the facial nerve in the aqueductus 
Fallopii ; it passes through the hiatus Fallopii, enters the cranial cavity, and 
runs forwards contained in a groove on the anterior surface of the petrous 
portion of the temporal bone, lying beneath the dura mater. It then enters the 
cartilaginous substance which fills in the foramen lacerum medium, and joining 
with the large de*ep petrosal branch forms the Vidian nerve. 

The large deep petrosal branch (n. petrosus profundus) is given off from 
the carotid plexus, and runs through the carotid canal on the outer side of the 
internal carotid artery. It then enters the cartilaginous substance which fills in 
the foramen lacerum medium, and joins with the large superficial petrosal nerve 
to form the Vidian. 


Fig. 77 J. -The spheno-palatiiie ganglion and its branches. 



The Vidian nefoe (n. canalis pterygoidei), formed by the junction of the 
two preceding nerves in the cartilaginous substance which fills in the middle 
lacerated foramen, passes forv'^ards, through the Vidian canal, with the artery 
of the same name, and is joined by a small ascending branch, the sphenoidal 
branch, from the otic ganglion. Finally, it enters the spheno-maxillary fossa, 
and joins the posterior angle of Meckel’s ganglion. 

Brashes of distribution, — These are divisible into four groups, viz. 
ascending branches, which pass to the orbit ; descending, to the palate ; internal, 
to the nose ; and posterior, to the nasopharynx. 

The ascending branches (rarni or bitales) are two or three delicate filammts, 
which enter the orbit by the spheno-maxillary fissure, and supply the peri- 
osteum, According to Luschka, some filaments pass through foramina in the 
suture between the os planum of the ethmoid and frontal bone to supply the 
^^^'^cous membrane of the posterior ethmoidal and sphenoidal sinuses. 

The descending or palatine branches (nn. palatini) are distributed to the roof 
of the mouth, soft palate, tonsil, and lining membrane of the nose. They are 

3]f 
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almost a direct continuation of the spheno^palatine branches of the sujperior 
maxillary nerve, and are three in number : anterior, middle, and posterior. 

The anterior 'palatine nerve (n. palatinus anterior) descends through the 
posterior palatine canal, emerges upon the hard palate at the posterior palatine 
foramen, and passes forwards in a groove in the hard palate, nearly as far as 
the incisor teeth. It supplies the gums, the niu(?ous membrane and glands of 
the hard palate, and communicates in front with the termination of tlie naso- 
palatine nerve. While in the posterior palatine canal, it gives off inferior nasal 
branches, which enter the nose through openings in the palate bone, and ramify 
over the inferior turbinated bone and middle and inferior meatuses ; and, at its 
exit from the canal, a palatine branch is distiibuted to both surfaces of the 
soft palate. • 

Tlie middle palatine nerve (n. palatinus modi us) descends, through one 
of the accessory palatine canals, distributing branches to tlie uvula, tonsil, 
and soft palate. It is occasionally wanting. 

The posterior palatine nerve (n. palatinus j)08terior) descends through 
the posterior palatine canal, and emerges by a separate opening behind the 
posterior palatine foramcm. It supplies the soft palate, tonsil, and uvula, and 
was formerly believed to supply the Levator palati and Azygos uvuIsb muscles, 
but these are probably supplied by the spinal accessory through the pharyngeal 
plexus. The middle and posterior palatine join with the tonsillar branches of 
the glosso-pharyngeal to form a plexus around the tonsil (circultis tonsillaris). 

The internal branches are distributed to the sepl.um and outer wall of the 
nasal fossa. They arc the superior nasal and the naso-palatinc. 

The superior nasal branches, four or five in number, enter the back part of 
the nasal fossa by the spheno- palatine foramen. They supply the mucous 
membrane covering the superior and middle turbinated bones, and the 
lining of the posterior ethmoidal cells, a few being prolonged to the upper 
and back part of the septum. 

The naso-palatine nerve (n. nasopalatinus) also enters the nasal fossa through 
the spheno-palatine foramen ; it passes inwards across the roof of the nose, 
below the orifice of the sphenoidal sinus to reach the septum, and then runs 
obliquely downwards and forwards along the lower part of the septum, to the 
anterior palatine foramen, lying between (he periosteum and mucous membrane. 
It descends to the roof of the mouth through the anterior palatine canal. The 
two nerves arc here contained in separate and distinct canals, situated in the 
intermaxillary suture, and termed the foramina of Scarpa, the left nerve being 
anterior to the right one. In the moutii, they become united, supply the mucous 
membrane behind the incisor teeth, and join with the anterior palatine nerves. 
The naso-palatine nerve furnishes a few small filaments to the mucous 
membrane of the septum. 

Posterior branch . — The pharyngeal nerve is a small brancdi arising from the 
back part of the ganglion. It passes through the pterygo-palatine canal with 
the pterygo-palatine artery, and is distributed to the mucous membrane of the 
upper part of the pharynx, behind the Eustachian tube. 

Inferior Maxill’ary Nerve (figs. 768, 770,^ 772) 

The Inferior maxillary nerve (n. mandibularis) distributes branches 
to the teeth and gums of the lower jaw, the integument of the temple and 
external ear, the lower part of the face and lower lip, and the muscles of 
mastication ; it also supplies a large branch to the tongue. It is the largest of 
the three divisions of the fifth, and is made up of two roots : a large or sensory 
root proc(*.eding from the inferior angle of the Gasserian ganglion ; and a small 
or motor root, which passes beneath the ganglion, and unites with the sensory 
root, just after its exit from the skull through the foramen ovale. Immediately 
beneath the base, of the skull, the nerve divides into two trunks, anterior and 
posterior. Previous to its division, the primary trunk gives off from its inner 
side a recurrent (meningeal) bramjh, and the nerve to the Internal ptt^rygoid. 

The recurrent branch (n. spinosus) is given off directly after its exit from 
the foramen ovale. It passes backw’-ards into the skull through the foramen 
spinosum witli the middle meningeal artc^ry. It divides into two branches, 
anterior and posterior, which accompany the main divisions of the artery 
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and supply the dura mater. Tiie posterior branch also supplies the mucous 
lining of the mastoid cells. The anterior branch communicates with the 
meningeal branch of the superior maxillary nerve. 

The nerve to the internal pterygoid (n. ptcrygoideus intemus), given off 
from the inferior maxillary before it divides, is intimately connected at its 
origin witli the otic ganglion. It is a slender branch, which passes inwards and 
enters the deep surface of the Internal pterygoid. 

The anterior and smaller division, which receives nearly the whole of the 
motor root, divides into branches which supply the muscles of mastication and 
the skin and mucous membrane of the cheek. They are the masseteric, deep 
temporal, long buccal, and external pterygoid. 

The masseteric branch (n. massetericus) passes outwards, above the 
External pterygoid, in front of tJie tem2)oro-niandibular articulation, and behind 


Fia. 772.- -The External pterygoid muscle and the branches of the inferior 
maxillary nerve in relation to it. 



the tendon of the Temporal ; it crosses the sigmoid notch with the masseteric 
artery, to the deep surface of the Masseter, in which it ramifies nearly as far 
as its anterior border. It gives a filament to the temporo-mandibular joint. 

The deep temporal branches (nn. temporales profundi) are two in 
number, anterior and posterior. They pass above the upper border of the 
External pterygoid and enter the deep surface of the Temporal. The posterior 
hrwmh, of small size, is placed at the back of the temporal fossa. It sometimes 
arises in common with the masseteric branch. The anterior branch is frequently 
given off with the buccal nerve, and then turns upwards over the upper head 
of the External pterygoid. Frequently a third branch (middle deep temporal) 
is present. 

The long buccal branch (n. buccinatorius) passes forwards between 
the two heads of the External pterygoid, and downwards beneath or through 

3n2 
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the fibres of the Temporal ; it emerges from under the anterior border of the 
Masseter, ramifies on the surface of the Buccinator, and unites with the buccal 
branches of the facial nerve. It gives a branch to tlie External pterygoid 
during its passage through that muscle, and may give off the anterior deep 
temporal nerve. The long buccal branch supplies the integument over the 
Buccinator muscle, and the mucous membrane lining its inner surface. 

The nerve to the external pterygoid (n. pterygoideus externus) frequently 
arises in conjunction with the long buccal, but it may be givmi off separately 
from the anterior trunk of the nerve. It enters the muscle on its inner surface. 

l^lic posterior and larger division of the inferior maxillary nerve is for the 
most part sensory, but receives a few filaments from the motor root . It divides 
into tlii’ee branches ; auriculo-temporal, lingual, and inferior dental. 

The auriculO'^temporal nerve (n. auriculotemj)oralis) generally arises 
by two roots, between which the middle meningeal artery passes. It runs 
backwards beneath tlie External pterygoid muscle to tlu* inner sid(^ (ff tln^ 
neck of the mandible. It then turns upwards witJi the temporal artery, 
between the external ear and (*ojidyle of the mandible, under cover of the 
parotid gland, and, escaping from beneath this structure, ascends over the 
zygoma, and divides into t\No temporal braneht's. 

Branches of communication . — Tlie auriculo-temporal nerve communicates 
with the facial nerve and with the otic ganglion. The brandies of communica- 
tion witli the facial, usually t wo in number, pass forw ards, from b(*hind the neck 
of the condyle of tlie mandible, to join this nerve at the posterior border of thc^ 
Masseter muscle. The filaments of communication with the otic ganglion are 
derived from the commencement of the aiirhuilo-tenijioral imrve. 

Branches of distribution . — The branches of distribution of tlie auriculo- 
temporal nerve an* : 

Anterior auricular. Articular. 

Branches to th(^ meatus audit orius. J^arotid. 

Superficial tem])oral. 

The anterior auricular branches are usually two in numhi'r. Tlity supply 
th(^ front of the upper jiart- of the pinna, being distributed prineiiially to th(^ skin 
covering the front of the li(‘Iix and tragus. 

Branches to the meatus auditorius, two in number, enter the canal between 
the bony and eai’tilaginous portions of the meatus. Tiiey supiily the skin lining 
the meatus ; the upper om^ s(*nding a filament to tin* niembrana tympani. 

A branch to the tcmporo-mandibular articulation is usually d(‘rived from the 
au riculo- tempi n-al ner e . 

The parotid branches supply the iiarotid gland. 

l"he superficial temporal accom])anies the temporal artery to the vert(‘X of 
the skull, and supplies thii integument of the tenijioral ri'gion, communicating 
w ith the facial n(*i’ve, and with the temporal branch of the temporo-malar from 
the superior maxillary. 

Till* lingual nerve (n. Ihigualis) supjdies the mucous membrane of the 
anterior two-thirds of the tongue, and is deeply jdaecd throughout the wdiole 
of its eourse. It lies at first beneath the External ])terygoid, to the inner 
side, and in front of tlie inferior dental nerve, and is occasionally joined 
to this nerve by a branch whidi may cross the internal maxillary artery. 
The chorda tympani also joins it at an acute angle in this situation. The 
nc^rve then passes between the Internal pterygoid muscle and the inner 
side of the 4'amus of the mandible, and crosses obliquely to the side of the 
tongue over the Superior constrictor and Stylo-glossus, and then between 
thirHyo-glossus and deep part of the submaxillary gland ; it finally runs across 
Wharton’s duct, and along the tongue to its tip, lying immediately beneath 
the mucous membrane. 

Tlie branches of communication are w'ith the facial (through the chorda 
tympani), the inferior dental and hypoglossal nerves, and the submaxillary 
ganglion. The branches to tlie submaxiUary ganglion are two or tliree in 
number ; those connected with the hypoglossal nerve form a plexus at the 
anterior margin of the Hyo-glossus. 

The branches of distribution snpply the mucous membrane of the mouth, 
the gums, the sublingual gland, and the mucous membrane of the anterior 
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two-thirds of the tongue ; the terminal filaments communicate, at the tip of 
the tongue, with the hypoglossal nerve. 

The inferior dental nerve (n. alveolaris inferior) is the largest of the three 
brariolics of the inferior maxillary nerve. It passes dovTiwards with the inferior 
dental artery, at first beneath the External pterygoid muscle, and then between 
the internal lateral ligament and the ramus of the mandible to the dental 
foramen. It then passes forwards in the inferior dental canal, lying beneath 
the teeth, as far as the mental foramen, where it divides into tw^o terminal 
branches, incisive and mental. ^ . 

The branches of the inf(‘rior dental are the mylo-hyoid, dental, incisive, 

and mental. i . r • i ^ i 

The mylo-hyoid nervo (n. mylohyoideus) is derived from the interior dental 
just as that nerve is about to (Mit(u' the dental foramen. It descends in a groove 
on t Ji(' inner surface of the ramus of the mandible, and reaeliing the under surface 
of the Mylo-hyoid supplies this muscle and t lie anterior belly of the Digastric. 

The dental hrarwhefi supply tlie molar and biscu])id teeth. They correspond 
in number to the fangs of tliost^ teeth ; each nerv(^ entering the orifice at the 
point of the fang, and supplying the pulp of the tooth. 

Thi^ hmsive hranch is continued onwards within the hone to the middle line, 
and supplies tin', canine and incisor teeth. 

The menial nerve (n. mentalis) ('incirgf'S from the bone at t he numtal foramen, 
and divides beneath tin* 1 )c])ressor anguli oris into thn'c* branches ; one descends 
to supply the skin of the chin, and two ascend to supply the skin and mucous 
membrane of t he lower lip. These branches communicate freely with the facial 
m'l’ve. 

Two small ganglia arc connected with the inferior maxillary n(u*vt; : the otic 
\^'ith tlie trunk of tlu^ nerve ; and the submaxillary with its lingual branch. 

Otic Ganclion (fig. 773) 

The otic g^ang^lion (ganglion otieiim) is a small, oval-shaped, flattened 
ganglion of a reddish-grey colour, situated immediately below the foraimui 
ovale ; it lies on the inner surfacji* of the* inferior maxillary nerve, and 
surrounds the origin of the internal pterygoid nerve. It is in relation, externally ^ 


Tie. 77.3. — The otic ganglion and its hranches. 



with the trunk of the inferior maxillary nerve, at the point where the motor 
root joins the sensorv portion ; internally^ vdth the cartilaginous part of the 
Eustachian tube, and the origin of the Tensor palati muscle ; behind, with 
the middle meningeal artery. 
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Branches of communication, — It is connected by two or three short delicate 
filaments with the internal pterygoid branch of the inferior maxillary nerve, 
from which it may obtain a motor, and possibly also a sensory root. It 
communicates with the glosso-pharyngeal and facial nerves, through the small 
superficial petrosal nerve continued from the tympanic plexus, and through this 
communication it probably receives a sensoiy root from the glosso-pharyngeal 
and a motor root from the facial ; its communication with the sympathetic 
is effected by a filament from the plexus surrounding the middle meningeal 
artery. The ganglion also eommunieat(‘s with the aurioulo-temporal nerve by a 
branch which is probably derived from the glo8so-]:)haryngoal, and which passes 
to the ganglion, and then through it and the auriculo-temporal nerve to the 
parotid gland. A slender filament (s'phenoidal) ascends from it to the Vidian 
nerve, and a small branch communi(jat(‘S with the chorda tympani. 

Its branches of distrihulion are, a filament to th(5 Ttmsor tympani, and one 
to the Tensor palati. I'lie former passes backwards, on the outer side of the 
Eustachiiin tube ; the latter arises from the ganglion, near the origin of 
the internal pterygoid nerve, and passes forwards. The fibres of these nerves 
are, hoAvever, mainly derived from the nerve to the Internal pterygoid . 

SUBMAXllJ^AKY GaNGLION (fig. 770) 

The submaxillary ganglion (ganglion submaxillare) is of small size and 
is fusiform in shape. It is situated above the deep portion of the submaxillary 
gland, on tlie Hyo-glossus musch?, near the posterior border of the Mylo-hyoid, 
and is connected by filaments with the lower border of the lingual nerve. 

Braimhes of communication, — This ganglion is suspended from the lingual 
nerve by two filaments which join the front and back parts of the ganglion. 
It also receives a branch from the chorda tympani nerve, and (jommunicates 
with the sympathetic by filaments from the sympathetic plexus around tlie 
facial artery. 

Branches of distribution, — These are five or six in number ; they arise from 
the lower part of the ganglion, and supx>ly the mucous membrane of the mouth 
and Wharton’s duct, sojnc being lost in the submaxillary gland. The brancjh of 
communication from the lingual to the fore part of the ganglion is by some 
regarded as a branch of distribution, through wdiich filaments of the chorda 
tympani pass from th(‘ ganglion fo tlie nerve, and by it are convoyed to the 
sublingual gland and the tongue. 

Surf (ice Marking . — It will be seen from the above description that the terminal branches 
of the three divisiorrs of the fifth nerve emerge from foramina on to the face ; the terminal 
branch of the first division emerging through the supraorbital foramen ; that of the 
second through the infraorbital foramen ; and ihat of the third through the mental 
foramen. The supraorbital foramen is situated at the junction of the internal and 
middle thirds of the supraorbital arch. If a straight lino be drawn from this point to 
the lower border of the mandible, so that it passes between the lowei* two bicuspid teeth, 
it will i)ass over the infraorbital and mental foramina ; the former being situated 
about one centimetre (two-fifths of an inch) below the margin of the orbit., while the latter 
varies in position according to the age vif the individual. In the adult it is midway between 
the upper and lower borders of the mandible ; in the child it is nea^cr the lower border, 
and in the edentulous jaw of old age it is close to the ui)i)er margin. 

Ap'idied Anatomy . — Paralysis of the fifth nerve causes anaesthesia of the corresponding 
anterior half of the scalp, and of the face, excepting over a small area near the angle 
of the jaw supplied by the cervical nerves, and of the cornea and conjunctiva, and of the 
mucous membrane of the nose, mouth, and tongue. Taste is lost (ageusia) on the affected 
side. Paralysis and atrophy follow in the Temporal, Masseter, and Pterygoid muscles, 
possibly also in the Tensor tympani ; when the mouth is opened the mandible is thrust 
over towards the paralysed side. Interference with the secretion of the tears, the nasal 
mucus, and the saliva, causes dryness of the corresponding mucous membranes. The 
sense of smell is gradually lost on the affected side from the trophic changes that follow in 
the Schneiderian membrane. Inflammation of the eyeball, under these circumstances 
known as neuroparalytic ophthalmia, is not Tare, and is due to the dryness and insensitive- 
II ess of the conjunctiva ; it is not a ‘ troi)hic’ phenomenon, but depends on the occurrence 
and neglect of traumatic inflammation in the ansesthotic eye. 

Fifth nerve reflexes, — Pains referred to various branches of the fifth cranial nerve are 
of very frequent occurrence, and should always load to a careful examination in order to 
discover a local cause. As a general rule the diffusion of pain over the various branches 
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of the nerve is at first confined to one only of the main divisions, and the search for the 
causative lesion should alwaj^ commence with a thorough examination of all those parts 
which are supplied by that division ; although in severe coses pain may radiate over the 
branches of the other main divisions. The commonest example of this condition is the 
neuralgia which is so often associated with dental caries — here, although the tooth itself 
may not appear to be painful, the most distressing referred pains may be experienced, 
and these are at once relieved by treatment directed to the affected tooth. 

Many other examples of ‘ fifth nerve ’ reflexes could be quoted, but it will be sufficient 
to mention the more common ones. Dealing with the ophthalmic division, severe supra- 
orbital pain is commonly associated with acute glaucoma or with disease of the frontal 
or ethmoidal air-cells. Malignant growths or empyema of the maxillary antrum, or 
unhealthy conditions about the inferior turbinateds or the septum of the nose, are often 
found giving rise to ‘ second division ’ neuralgia, and should bo always looked for in the 
absence of dental disease in the maxilla. 

It is on the third division, however, that some of the most striking reflexes are seen. 
It is quite common to meet with patients who complain of pain in the ear, in whom there 
is no sign of aural disease, and the cause is usually to be found in a carious tooth in the 
mandible. Moreover, with an ulcer or cancer of the tongue, often the first pain to be 


Ftg. 774. — Diagram showing cutaneous areas of face and scalp. 



experienced is one which radiates to the ear and .temporal fossa, over the distribution 
of the auriculo-temporal nerve. 

The fifth nerve is often the seat of severe neuralgia for which no local cause can 
be discovered; each of the three divisions has been (iivided, or a portion of the nerve 
excised, for this affection, usually, however, with only temporary relief. The supraorbital 
nerve may be exposed by making an incision an inch and a half in length along the supra- 
orbital margin, below the eyebrow which is to be drawn upwards, the centre of the incision 
corresponding to the supraorbital notch. The skin and Orbicularis palpebrarum 
having been divided, the nerve can be easily found emerging from the notch, and lying 
in some loose cellular tissue. It should be drawn up by a blunt hook and divided, or, 
better, a portion of it removed. The iufraorbital nerve has been divided at its exit by 
an incision on the cheek ; or the floor of the orbit has been exposed, the infraorbital 
canal opened up, and the anterior part of the nerve resected ; or the whole nerve, together 
with MeckoPs ganglion as far back as the foramen rotundum may be removed, but even 
then a return of the neuralgia in some other branches of the fifth nerve is the rule rather 
than the exception. The operation is performed as follows : the superior maxillary 
bone is first exposed by a T-shaped incision, one limb passing along the lower margin of 
the orbit, the other from the centre of this vertically down the cheek to the angle of the- 
mouth. The nerve is to be found, divided, and a piece of* silk tied to it as a guide# 
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A small trephine (half -inch) is applied to the bone, below, but including the infraorbital 
foramen, and the antrum opened. The trephine is then applied to the posterior wall of the 
antrum, and the spheno-maxillary fossa exposed. The infraorbital canal is opened up 
from below, and the nerve drawn down into the trephine hole, it being held on the stretch 
by means of the piece of silk ; it is severed with fine curved scissors as near the foramen 
rotundum as possible, any branches (joining off from the ganglion being also divided. The 
inferior dental nerve can be reacjhed by a transverse incision over the ramus of the jaw 
placed BO as to avoid injury to the facial nerve ; tho Masseter mustjle having been divicled, 
a small trephine is applied to the ramus immediately beneath the masseteric notch, and, 
when the bone has been removed, the nerve is found lying on the Internal pterygoid just 
as it enters the inferior dental canal, and it can here bo resected. 

The lingual (gustatory) nerve is occasionally divided with the view of relieving the 
pain in cancerous disease of the tongue. This may he done in that part of its course 
where it lies below and behind the last molar tooth. If a liiuj bo drawn from tho middle 
of the crown of the last molar tooth to tlie angle of the jaw it will cross the nerve, which 
lies about half an inch behind thi' tooth, parallel lo tho bulging alveolar ridge on the inner 
side of the body of the bone. The tongue should be jnillecl forwards and over to the 
opposite side, when the nerve can be seen standing out as a firm cord under the raucous 
membrane by the side of the tongue, and can be easily seized with a sharp hook and divided 
or a ])ortion excised. 'Phis is a simple enough operation on the cadaver, but when the 
disease is extensive and has extended to tho floor of the mouth, as is generally the case 
when division of a nerve is required, the o]MU*ation is not practicable. 

In severe cases of neuralgia of the fifth nerve, the Gasserian ganglion has been 
removed in whole or in part with a (jonsiderable measure of success. Rose was the first 

to perform this oj)cration ; and he reached the 
Fkj. 775. — Figure show'ing the ganglhm by trephining the base of the skull in the 

mode of innervation of the In- position of the foramen ovale, after dividing the 

ternal and Kxtcrnal rccli muscles zygomatic arch, in front and behind, and turning it 
of the eye (after l)uval and and the Masseter muscle downwards, and cutting 

through the coronoid ])roccss of the lower jaw% and 
turning it and the Temporal muscle u])wards. A 
more efficient method apj^ears to be that known as 
the Krause- Hartley method. The bone forming the 
temporal fossa having been removed to a suflicient 
(^xtent, tho temporal lobe of the brain, with the 
dura mater, is gradually raised from the middle 
fossa, until the foramen spinosum, with tho middle 
meningeal artery passing through it, is exposed. 
This vessel is to be ligatured in two places, and 
divided between the ligatures ; and then by furthei' 
raising the temporal lobe, the foramina ovale and 
rotundum will be exposed, with the second and 
iliird divisions of the fifth nerve passing through 
them. These nerves are to be clearly defined and 
divided. Tlie dura mater is then to be raised from 
the ganglion, when the ophthalmic nerve will be 
ex{)osed and must be divided, and the ganglion, by 
means of a little careful dissection, raised from 
its bed and removed. In some cases w'here tho 
neuralgia has been limited to the second division 
of the nerve an intracranial resection of that 
division alone has been performed with great 
success. In other cases where tho disease has not 
affected the ophthalmic division, resection of the 
outer half of the ganglion only, with the superior 
and inferior maxillary nerves, has been performed, 
thu.s leaving the sensory nerve supply to the cornea 
intact. The motor root is usually resected with 
the third division of tho nerve, leading to complete 
])aralysis of the muscles of mastication on that side. 
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Sixth Nkrve (figs. 769, 775) 


The Sixth nerve (n. abducens) supplies 
the External rectus muscle of the eye- 
ball. 

Its fibres arise from a small nucleus 
situated in the upper part of the fioor of 
the fourth ventricle, close to the middle lino and beneath tho eminentia teres. 
They pass downwards and forwards through the pons, and emerge in the furrow 
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between the lower border of the pons and the upper end of the pyramid of the 
medulla oblongata. 

From the nucleus of the sixth nerve, fibres pass through the posterior longi- 
tudinal bundle to the oculo-motor nerve of the opposite side, along which they 
are carried to tlic Internal rectus muscle. The External rectus of one eye and 
the Internal I’cctiis of the other may therefore b(5 said to receive their nerves 
from the same nucleus — a factor of great importance in connection with the 
conjugate movements of tlie 

eyeball, and one that may Fro. 77fi.— Oblique section through the right 

cxj)lai n certai n p a r a 1 y t i c cavernous sinus, 

phenomena of the lleeti, 
which ar(5 often associated 
with lesions in the pons. 

TJie n(‘rv('. pierces tli(' dura 
mater on the basilar suiface 
of the sphenoid bom^, runs 
llirougli a notch immediately 
below the jjosterior elinoid 
])roc.(‘ss, and (? liters lli(‘ 
cavt‘rnous sinus. It passes 
forwards through tlu^ sinus, 
lying on tJie out(‘r side of tlic 
internal carotid artiny. It 
enters tlic' orbit tlirougli the 
sphenoidal fissure, and lies 

above tiie ophthalmic vein, from whicli it is separated by a lamina of 
dura mater. It Hum passes b(‘,twcen tlui two heads of the External rectus, 
a!id is distributed to lliat muscle on its ocular surface. 

Branches of communication. Tlu‘ sixth nerve is joined by several filaments 
from tlu‘ carotid and cavernous plexuses, and by one from the ophthalmic 
iK^rve. 

The sixth nerve, together with the third, fourth, and tbe ophthalmic division 
of the fifth, as they pass to the orbit, bear a certain relation to each other in the 
cavernous sinus, at the sphenoidal fissure, and in tlu^ (‘avity of tiie orbit, which 
will now be described. 

In the cavernous sinus (fig. 776), the third and fourth nerves and the 
ophthalmic division of the fifth are placed on the outer wall of the sinus, in 

their nunH*rical order, both 
from above downwards, and 
from within outuards. The 
sixth nerve lies at the outer 
side of the internal carotid 
artery. As these nerves j)ass 
forwards to the s 2 )henoidal 
fissure, tJic third and fifth 
nerves beemme divided into 
• branches, and the sixth 
a])j)roaches the rest ; so that 
llu‘ir relative position becomes 
considerably changed. 

In the sphenoidal fissure 
(fig. 777), the fourth nerve, 
and the frontal and lachrymal 
divisions of the oi)hthalmic 
lie in this order from within 
outwards upon the same 
plane ; they enter the cavity of the orbit above the muscles. The remaining 
nerves enter the orbit between the two heads of the External rectus. Th(i 
superior division of the third is the highest of these ; beneath tliis lic^s the 
nasal branch of the ophtlialmic then the inferior division of th(^ third ; and 
the sixth lowest of all. 

In the orbit, the fourth, and the frontal and lacJirymal divisions of the 
ophthalmic lie on the same plane immediately beneath the periosteum, the 
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fourth nerve being internal and resting on the Superior oblique,' the frontal 
resting on the Levator palpebrae, and the lachr3anal on the External rectus. 
The superior division of the third nerve lies immediately beneath the Superior 
n^ctus, while the nasal branch of the ophthalmic crosses the optic nerve to 
reach the inner side of the orbit. Bcneatli these is the optic nerve, surrounded 
in front by the ciliary nerves, and having the lenticular ganglion on its outer 
side, between it and the External rectus. Below the optic nerve are the 
inferior division of the third, and the sixth, the latter lying on the outer side 
of the orbit.* 

Applied Anatomy . — The sixth nerve is more frequently involved in fractures of the 
base of the skull than any other cranial nerve. The result of paralysis of this nerve 
is internal or convergent squint. Diplopia is also present. When injured so that its 
function is destroyed, there is, in addition to the paralysis of the External rectus muscle, 
often a certain amount of (^ontraction of the pupil, because some of the sjnnpathetic fibres 
to the radiating muscle of the iris are conveyed through this nerve. 


Seventh Nerve (figs. 778, 779, 780) 

The Seventh or Facial nerve (n. facialis), like the fifth, consists of . a motor 
and a sensory part, the latter being frequently described under the name of 
flTe pars intermedia of Wrisherg, The two parts emerge separately at the 
lower border of tlie pons Varolii in the recess between the olivary and restiform 


Fiq. 778. — l^Jan of the seventh nerve. The course of the sensory fibres is 
represented by the bine lines. 



bodies, the motor part being the more internal ; immediately to the outer side 
of the sensory part is the auditory nerve. 

Th© motor part supplies the musch^s of the face, scalp and pinna, the 
Buccinator and Platysma, the Stylo-hyoid and posterior belly of the Digastric, 
and the Stapedius muscle of the tympanic cavity ; it also contains some fibres 
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which constitute the vasodilator nerves of the submaxillary and sublingual 
glands, and are conveyed to these glands through the chorda tympani. Xhe 
sensory part contains the fibres of taste for the anterior two-thirds of the 
tongue. ' — 

The,, motor root t;akes origin from a nucleus which lies deeply in the 
reticular formation of the lower part of the pons Varolii. This nucleus is 
situated above the nucleus ambiguus, behind the superior olive, and internal to 
the lower sensory root of the fiftli nerve. From this origin the fibres pursue a 
(iurved course in the substance of the pons. They first pass backwards and 
inwards towards the floor of the fourth ventricle, and, reaching the posterior 
extremity of the nucleus of the sixth nerve, run upwards close to the middle 
line beneath the eminent] a t(^res. At the anterior end of the nucleus of the 
sixth nerve they mak® a second bind, and run downwards and forwards through 
the pons to their point of emergence between the olivary and lestiforin bodies. 

8ome fibres from the nucleus of the third nerve are said to descend in 
the posterior longitudinal fasciculus and join the motor root of the facial 
nerve before it leaves the pons. Tliese fibres are believed to supply the 
Orbicularis palpcdjrarum, Corrugator sup^-rcilii, and anterior belly of the 
Occipito-frontalis, since these muscles have been observed to escape ptaralysis 
in lesions of the motor nucleus of the facial ii jrve.* * 


The sensory root arises from the geniculate ganglion, which is situated 
on the genu of the facial nerve in the aqueductus Fallopii, behind the hiatus 
Fallopii. The cells of this ganglion are unipolar, and the single process given 
off from each divides in a T-shaped manner into a eentral and a peripheral 
branch. The central branches run inwards, and, leaving tlie trunk of the 
facial nc^rve in the iritemal auditory meatus, form the sensory root ; the peri- 
pheral branches an? continued into the (chorda tympani and great superficial 
petrosal nerve^s. Entcu’ing tlie brain at the lower border of the pons between 
the motor root internally and the auditory nerve externally, the fibres of the 
sensory root pass into the substance of the m(>!dulla and terminate in the upper 
part of the nucleus of the glosso pharyngeal and in the fasciculus solitarius. 

From their superficial attachnuiits to the brain, the two roots of the facial 
nerve pass outwards and forw'aids vdth the auditory nerve to the internal 
auditory meatus. In the meatus tlie motor root lies in a groove on the upper 
and anterior surface of the auditory nerve, the sensory root being placed betw een 
thxi two. 

At the bottom of the meatus, the faci.al nerve enters the aqueductus Fallopii, 
and follows tlie course of that canal through the petrous portion of the temporal 
boms to its termination at the stylo-masloid foramen. It is at first dii*(‘ctcd 
outwards between the cochlea and vestibule towards the inner w^all of the 
tympanum ; it then bends suddenly backw^ards and arches downw^ards behind 
the tympanum to the stylo-mastoid foramen. Th(', point wdiere it changes 
its direction is named the geniculum ; it- pn^serits a reddish gangliform 
swelling, the ganglion 
geniculi, or nucleus of the 
sensory root of the? nerve 
(fig. 7'79). On emerging 
from the stylo-mastoid 
foramen, it runs foiwards 
in the substance of the 
parotid gland, crosses the 
external carotid artery, 
and divides behind the 
ramus of the man- 
dible into two primary 
branches, tem'poro- facial 
and cervico- facial, from wdiich numerous offsid-s are distributed over the side of 
the head, face, and upper part of the neck, supplying the superficial muscles 
in these regions. As the primary branches and their offsets diverge from each 
other, they present somewhat the appearance of a bird’s foot or claws ; hence 
the name of pes anserinus is given to the divisions of the facial nerve in and 
near the parotid gland. 


Fig. 779. — The course and connections of the 
facial nerve in the temporal bone. 
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* See footnote, page 841, 
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Branches of communication, — communications of the facial nerve may 
be arranged as follows : 


In the internal auditory 
iiK^atus 


At tlie geniculate ganglion 


In the Eallopian aqut'duct 


At its (*xit from the stylo- 
mastoid foramen 

Behind the ear 

On th#face .... 

In tlie Jieck .... 


With the auditory nerv(\ 

With Meckel’s ganglion by the large 
superficial petrosal nerve. 

With the otic ganglion by a branch wdiich 
joins the small superficial petrosal nerve. 
With the sympathetic on tlie middle 
meningcial by tlu^ external superfknal 
petrosal n6‘rve. 

(With the auricular bmneh of the pneumo- 
] gfistrie. 

/W'ith the' gl osso-pharyngeal. 

,, pneumogastric. 

, ,, ,, great auricular. 

I . auriculo-tem])oral. 

WitJi the small occipital. 

With tlie three divisions of the fiftlk 
Witli the superfi(*ial cervical. 


In the internal auditory meatus some minute filaments pass from the pars 
intermedia and from the facial to the auditory nervi\ 

^J’Jie large superficial petrosal nerve arises from the geniculat(^ ganglion, and 
consists chiefly of sensory branches which an^ distributed to the mucous 
membrane of the soft palah^ ; but it probably also contains a few motor fibres 
which form the motor root of Meckel’s ganglion. It pass(‘s forwards thiough 
the hiatus Fallopii, and runs in a groove on the antt'rior surfa(5e of tlie petrous 
portion of th(^ temporal bone beneath the Gasserian ganglion, to the foi’amen 
laeerum medium. It receives a twig from the tympanic^ plexus, and in the 
foramen is joined by tln^ great de(‘]) petrosal, from the sympathetic plexus 
on the internal carotid artery, to form th<^ N'idian nerve. This nerve passes 
forwards t hrough the V id ian canal and ends in Meckel’ s ganglion. The geniculaUi 
ganglion is connected with t he otic ganglion, by a branch which joins the small 
sujierficial pet rosal nerve, and also with th<‘ sympathetic filaments accompany- 
ing the middle meningeal artery, by the external petrosal (Bidder). From the 
ganglion, according to Arnold, a twig is sent back to the auditory nerve. Just 
before tht‘ facial nerve emergens from the stylo-mastoid foramen, it generally 
receives a t\\'ig of communication from the auricular branch of the pneunio- 
gastrie. 

After its exit from the stylo-mastoid foramen, the facial sends a twig to 
the glosso-phaiyng(*al. and communicates with the auricular branch of the 
pneumogastric, with the great auricular branch of the cervical ^jlexus, with 
the auriculo-temporal branch of the inferior maxillary nerve in the parotid 
gland, and with the small occipital behind the ear ; on the face with the 
terminal branches of the three divisions of the fifth, and in the neck with 
tlie superficial or transversi* cervical. 

Branches of distribution 780). - TIkj branches of distribution of the facial 
nerve may be thus arranged : 


Within the aqueductus 

Fallopii 

At its exit from the stylo- 
mastoid foramen 


On the face 


Tympanic, to the Stapedius muscle, 
(’horda tympani. 

Posterior auricular. 

Digastric. 


Stylo-hyoid. 

Temporo-facial 

Cervico-facial 


Temporal. 

Malar. 

Infraorbital. 

Buccal. 

Mandibular. 

Cervical. 
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The tympanic branch arises from the nerve opposite the pyramid ; it 
passes through a small canal in the pyramid, and supplies tlie Stapedius muscle. 

The chorda tympani is given off from tlie facial as it passes vertically 
downwards at the back of the tympanum, about a quarter of an inch before 
its exit from tlie stylo-mastoid foramen. It runs from below upwards and 
forwards in a distinct canal, and enters the cavity of the tympanum, through 
an aperture (iter clt-ordm postcrius) on its posterior wall, close to the inner aspect 
of the posterior border of the membrana tympani and on a level with the upjier 
end of the handle of the malleus, and becomes invested with mucous membrane. 
It traverses the cavity of the tympanum, b(itween the fibrous and mucous 
layers of the membrana tympani, crosses over the handle of the malleus, and 
emerges from tlie cavity through a foramen situated at the inner end of the 
Glaseriari fissure, and named the iter chordm (interim, or canal of llvguier. 
It then descends Ix^ween the two Pterygoid muscles on the inner aspect of 
the spine of the sphenoid, which it sometimes grooves, and joins, at an 
acute angl(‘, the ])Ostcrior bordcu* of the lingual nci ve. It receives a few 
efferent fibres from tlie motor root ; these ent(‘r tlu^ submaxillary ganglion, 
and through it arc' distributc^d to the' submaxillary and sublingual glands ; 
the majority of its fibres are afferent and continuc'd onwards through the 
muscular substances of thes tongue to the mucous membi-ane covering its 
anterior tuo-t birds ; they constitufe the nerves of taste for this portion of the 
tongue. Bc'fore joining the lingual nerve the chorda tympani receives a small 
com muiiicsa ting bianch from tlus otic ganglion. 

The posterior auricular nerve (n. auricu laris posterior) arist's close to 
the stylo-mastoid foramen, and passes upwards in front of thc‘ mastoid process ; 
hc'rc it is joined by a filament from thc' auricular branch of the jmeuiiio- 
gastric. and (jomniunicates with the mastoid branch of tlu^ gn'at auricular, 
and with the small 0 (^cipital. As it ascx'iids b(*twix*n the meatus and mastoid 
process it divid(‘S into auj;amlar and occiiiital branches. The auricular branch 
supplies the Retrahens auricularn and tlu' small intrinsic muscles on the cranial 
surface of the ])inna. The oadpiUil branchy the larger, passes backwards 
alQUg. the cia*vecLlijau.j:if jLhc occipital bone, and supplies the occipital 

portion of the ^0<}cipita-£i*ontalis. ■* .. - 

Th(' digastric branch (ramus digastri(ms) arises (dose to the stylo-mastoid 
fortaiiKMi : it divid(*s into s(‘-v(‘ral lilanumts, which supply tlu' postc'iior b('lly 
of the Digastric; oim of th(*s(‘ perforaU'S that mus(;l(^ to join the glosso- 
pharyngeal nerve. 

The stylo-hyoid branch (lanius stylohyoideus) frequently arises in con- 
junction u ith that to the i)osterior belly of th(‘ Digastrie ; it is long and slender, 
and ]jasses inxN'ards to enter the Stylo-hyoid about its middh'. 

Tlio temporoifacial -division, the largt*r of the two t(M‘minal branches, 
ruris upwards and.*.iarw:ards through the- parotid gland, ^^;Kjsses the external 
carot id arteny and tcmpnrLi_-iniLxill;i.ry vein, and passes over the neck of the 
cniid^B 4>f 4he>inandible, being connected in this situation with the auriculo- 
temporal branch of the inferior maxillary nerve. It breaks up into branches, 
which arc distributed over the temph^ and upper part of the face ; these are 
grouped into three sets : temporal, malar, and infraorbital. 

iempGi^'hrGMics (rami tem})orales) c.i-oss the zygoma to the temporal 
r emap , supplying tlifi.^ttraliens and AttoUe auricularn musedes, and join 
wi til the temporal branch o? tlie temporo- malar, a brancdi of fhe superior 
maxillary, and with the auriculo-temporal branch of the infc‘-rioi‘ maxillary. 
The more anterior branches supply the frontal portion of the 0(^eipilo-frontalis, 
the Orbicularis palpebrarum, and the Oorrugator supcrcilii, and join with the 
supraorbital and lachrymal branches of the ophthalmic. 

The malar branches (rami /ygomatici) run across the malar bone to the 
outer angle of the orbit, where they supply the Orbicjularis palpebrarum, and 
join wnth filaments from the lachrymal nerve and the malar branch of the 
superior maxillary nerve. 

The infraorbital branches (rami infraorbitales) , of larger size than the rest, 
pass horizontally forwards to be distributed between the lower margin of the 
orbit and the mouth. The superficial branches run beneath the skin and above 
the superficial muscles of the face which they supply : some branches are 
distributed to the Pyrarnidalis nasi, joining at the inner angle of the orbit 
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with the infratroclilear and nasal branches of the ophthalmic. The de^ep 
branches pass beneath the Zygomatici and the Levator labii superioris, supplying 
them and the Levator anguli oris, and form a plexus {infraorbital) by joining 
with the infraorbital branch of the superior maxillary nerve and the buccal 
branches of the cervico-facial. Those branches also supply the Levator labii 
Buperioris alaeque nasi and tlie small muscles of the nose. 

The cervico-facial division passes obliquely downwards and forwards 
through the parotid gland, across the external carotid artery. In this 
situation it is joined by branches from the great auricular nerve. Opposite* 
the angle of the mandible it divides into branches which are distributed on the 


Fig. 780. — The nerves of the scalp, face, and side of neck. 



lower half of the face and upper part of the neck. Tliese may be grouped into 
three sets : buccal, mandibular, and cervical. 

The buccal branches (rami buccales) cross the Masseter. They supply the 
Buccinator and Orbicularis "oris, and join with the infraorbital branches of 
the temporo-facial division of the nerve, and with filaments of the long buccal 
branch of the inferior maxillary nerve. 

The fnandibular branch (ramus rnarginalis mandibulae) passes forwards 
beneath the Platysma and Depressor anguli oris, supplying the muscles of the 
lower lip and chin, and communicating with the mental branch of the inferior 
dental nerve. 
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The cervical branch (ramus colli) runs forwards beneath the Platysma, and 
forms a series of arches across the side of the neck over the suprahyoid region. 
One of the branches descends vertically to join with the superficial cervical 
nerve from the cervical plexus ; others supply the Platysma. 

Applied Anatomy. — Facial palsy is commonly unilateral, and may be either : (1) peri 
pheral, from lesion of the facial nerve ; (2) nuclear , from destruction of the facial nucleus ; 
or (3) central, cerebral, or supranuclear, from injury in the brain to the fibres passing from 
the cortex through the internal capsule to the facial nucleus, or from mjury to the face-area 
of the motor cortes itself. lu supranuclear facial paralysis, which is usually part of 
a hemiplegia, it is the lo\^'er part of the face that is chiefiy affected, while the foreh^d 
can be freely wrinkled on the palsied side, the eye can be closed fairly well, and the eyeball 
is not rolled up under the upper lid ; emotional movements of the face are much better 
executed than voluntary ; and the electrical reactions of the muscles on the affetded side 
are not altered. If the paralysis is due to lesion of the facial nucleus, the Orbicularis 
oris es(*apGS, as the nuclear origin of the nerve to this muscle seems to bo connected with 
that of the tongiie-nervcs ; otherwise the symptoms are identical with those of the common 
peripheral facial palsy, of which several types may be distinguished according to the 
point in its course at which the facial nerve is injured If the lesion occurs (a) in the pone>, 
facial paralysis is produced as in (rl) below ; taste and hearing arc not affected, but the 
sixth nohvo also will be paralysed because the fibres of the facial nerve loop round its 
nucleus in tlie pons. When the nerve is paralysod (b) in the petrous bone, in addition 
to the paralysis of the muscles of expression, there is loss (jf taste in the anterior part of 
the tongue, and the patient is unable to recogiiMje the difference between hitlers and sw'eots, 
acids and salines, from involvement of the chorda tympatn. The mouth is dry, because the 
salivary glands are not secreting ; and the sense of ho;iring is affected from paralysis of 
the Stapedius. When the cause of the paralysis is (r) fracture of the base of the skull, 
the auditorv arid petrosal nerves arc usually involved. But by far the cemmonest ('lause 
of facial palsy is (el) exposure of the nerve to cold or injury at or after its exit froin tie 
stylomastoid foramen (Bell’s paralysis). In these cases the face looks tusymmetrical even 
when at rest, and more so in tlie old than in the young. The affected side of the face and 
forehead remains motionless when voluntary or emotional movement is attempted. Tlie 
lines on the forehead are smoothed out, the eye can be shut only by hand, tears fail to enter 
the lachrymal puncta because they arc no longer in contact with the conjunctiva, the 
conjunctival reflex is absent, and efforts to close the eye merely cause the eyeball to roll 
upwards until the cornea lies under the upper lid. The tip of the nose is drawn over 
towards the sound side ; the naso-labial fold is partially obliterated on the affected side, 
and the ala nasi d(;es not move properly on respiration. The lips remain in contact 
on the paralysed side, and cannot be put together for whistling ; when a smile is attempted 
the angle of the mouth is drawn up on the unaffected side ; on the affected side the lipi- 
remain nearly closed, and the mouth assumes a characteristic triangular form. During 
mastication food accumulates in the cheek, from paralysis of the Buccinator, and dribbles 
or is pushed out from between the paralysed lips. On i)rotrusion the tongue seems to be 
thrust over towards the palsied side, but verification of its position by reference to the 
incisor teeth will show that this is not really so. The Platysma and the muscles of the 
pinna are paralysed ; in severe (?ases the articulation of labials is impaired. The electrical 
reactions of the affected muscles are altered (reaction of degeneration), and the degree to 
which this alteration has taken pla<5e after a week or ten days gives a valuable guide 
to the prognosis. Most cases of Bell’s palsy recjover completely. 

The facial nerve is at fault in cases of so-called ‘ histrionic spasm,’ which consists in 
an almost constant and uncontrollable twitching of some or all of the muscles of the face. 
This twitching is sometimes so severe as to cause great discomfort and annoyance to the 
patient, and to interfere with sleep, and for its relief the facial nerve has been stretched. 
The operation is performed by making an intdsion behind the ear, from the root of the 
mastoid process to the angle of the jaw. T'he parotid is turned forwards and the dissec- 
tion carried along the anterior border of the Sterno-mastoid muscle and mastoid process, 
until the upper border of the posterior belly of the Digastric is found. The nerve is 
parallel to this on about the level of the middle of the mastoid process. When found, the 
nerve must be stretched by passing a blunt hook beneath it and pulling it forwards and 
outwards. Too great force must not be used, for fear of permanent injury to the nerve. 


Eighth Nerve 

¥ 

The Eighth or Auditory nerve (n. acusticus) is the special nerve of the sense 
of hearing, being distributed exclusively to the internal ear. It consists of two 
sets of fibres, which, although differing in their central connections, are both 
concerned in the transmission of afferent impulses from the internal ear to tlu' 
medulla and pons, and from there, by means of new fibres which ari^. front 
collections of grey matter in these structures, to the cerebrum and cerebellum. 
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Ono set of fibres forms the vestibular root of the nerve, and arises from the 
cells in the ganglion of Scarpa which is situated in the internal auditory meatus ; 
the other set constitutes the cochlear root, and takes origin from the cells in 
the ganglion spirale or ganglion of Corti, which occu])ies the spiral canal of 
tlie cochlea. Both of these ganglia consist of bipolar nerve-cells ; one prjpcess 
from each of the cells passes inwards to the brain, the other outwards to 
the internal ear. At its connection with the brain the eighth nerve occupies 
the groove between the pons and medulla, where it is situated between the 
restiform body w'hich is behind, and the seventh nerve which is in front. 

VeMihnlar root (radix vestibularis) (fig. 781). — ^The fibres of this root enter the 
medulla to the inner side of those of the cochlear root, and pass between the 
restiform body which is to tlieir outer side, and the inferior sensory root of the 
fifth which lies to their inner side. Th(\y tlum divide into an ascending and a 
descending set. Tlie fibres of the latter end by arborising round the cells of the 
internal nucleus, w'hich is situated in t he iriqonum acusticum in the floor of the 
fourth ventricle. The ascending fibres cither end in the same manner or in 
the external imcleus, w'hich is situated to the outer side of the trigonum acusticum 

and farther from the ven- 
tricular floor. Itisdescribvjd 
as consisting of two parts, 
an inner, the nucleus of 
Deiters, and an outer, the 
nucleus of Bechterew. Some 
of the axons of the (^ells of 
th(i external nucleus, and 
possibly also of the internal 
nucleus, an^ coTltinu(^d up- 
wards through the restiform 
body to the roof nuclei of 
tl»e opposite side of the (cere- 
bellum. to which also oth(?r 
fibres of the vestibular root 
are prolonged without inter- 
ruj)lion in the nuclei of the 
medulla. A second set of 
fib^(^s from the internal and 
(external nuclei end partly 
in t;he tegmentum, while the 
remainder ascend in the pos- 
terior longitudinal bundle to 
•arborise around the cells of 
the nuchn of the oculo-motor 
ru^rve. 

OocMear root (radix 
cochlcaris) (fig. 782). — This 
part of the nerve is placed 
external to tlie vestibular root. . Its fibres end in two nuclei, one of which, th<^ 
accessory nucleus, li('s immediately in front of the restiform body ; the other, 
the tubercnluni acusticum, somewliat to its outer side. 

I'he stri.ai acustica^ or medullary striiv, are tlie axons of the cells of the 
tuberculum acusticum. They pass backwards and inwards over the restiform 
body, and across the floor of tlui fourth ventricle tow'ards the middle line. 
Here they dip into the substances of the jions, to end around the ccUs of the 
superior olives of both sides. There are, how^cver, other fibres, and these are 
both diria-.t and iirossed, wliiijh do not arborise around the tegmental nuclei, 
l»ut pass into the lateral fillet. The cells of the accessory nucleus give origin to 
fibres which pass transversely in uie pons and constitute the trapezium. Of 
the trapezoid fibres some terminate around the cells of the superior olive or 
of the trapezoid nucleus (which lies ventral to the olive) of the same or opposite 
side, while others, crossed or uncrossed, pass dire*ctly into the lateral fillet. 

If the further connections of the cochlear nerve of one side, say the left, be 
considered, it is found that tliey lie to the outer side of the main sensory tract, 
the fillet, and are therefore termed the lateral tilleL The fibres comprising the 


Fi(i. 781. — Terminal niK^loi of tln’i vestibular root ol 
the auditory nerve, with tlieir upper connections. 
(Schematic.) (Testut.) 



IViSK'ruir or cociiIi-.ii i<K)t with ite twi lt*i ‘J. .A feos8»>iy nucleus. 
I’l. 'L'uberculuni iKnuiti'nini. -1. Anterior «>r vtstibulur root o Inti'rnal 
nuelnuB. t*. Nucleus of I»«nters. 7, Nuc’leus of lU hterm. H. In- 
ferior or lU^ace in I iru; root of ainlitorv i>. Asmnliiif -crcbcllHi libn-t*. 
10. I’’ibn*s ooiiiL' to I’iiphc. 11. J'lbitt InUintr ;in oblnjuo ooursc. 
la. I'lllet. Inferior sensory loot of trifrcminiil. M. l*^^ami^^Ill 

tract. l.'i. IJ 10. roufth nlriob* 17 l{estiforni Ikk1\. 

IS. 1 »i ii^iii of ■ ■ii-tnin. 
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left lateral fillet arise in the superior olive and trapezoid nucleus of the same or 
opposite side, while others are tlie uninterrupted fibres already alluded to, and 
these are either crossed or uncrossed, the former being the axons of the cells of 
the right accessory nucleus or of the C(^lls of the right tuberculum acusticiim, 
wliile the latter are derived from the same cells of the left, side. In the upper 
part of the lateral fillet there is a collection of nerve-cells, the nucleus of the 
lateral fillet, around the cells of which some of the fibres arborise and from the 
cells of which axons originate to continue upwards tlie tract of the lateral fillet. 
The ultimate ending of the left lateral fillet is partly in the opposite internal 
geniculate body, and partly in both infcirior quadrigeminal bodicis. From the 
cells of these bodies new fibres arise which ascend in the po3t(5rior limb of 
the internal capsule to reach tlie posterior tliree-fifths of the first left temporal 
convolution and the transverse* temporal gyri of Heschl. 

Fig. 782. — ^Tenainal nuulci of tlio cochlear root of Uic auditory norvo, witli their 
upper connect ions. (Schematic.) (Testui.) 

r> 14 14 fi 
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TJiC) vestibular loot with itw terumiul nuclei and their efferent fibres have been suyipresseJ. On the other hand, in 
order not lo obscure Ihe trapezoid hotly, the ellerent fibres of flu; tornimal nuclei on the riu:hl suJe have been 
resected in a eun^idetablc [uirlion ol their extent. 'I'lu; trapezoid bod}", therefore, .shows om 1,> one-half of its 
libn«<, vi’/. those which come from the left. 

] . ilerior or vestibular root of the auditory, ihvided at iIj> entrance into the bulb. S. Posterior or eoclilcar root. 

3. -Vcceasory micleus of auditory nerve. ’ -f. 'I'liberculuni aeusticuni. f,. Utlcrent fibies of aociissorv nucleus. 

IJ. Mfterent fibn-s of tuberculum aeusticuni, iornuni,' the .stria* ;ioiLstir*a', with G', fheir direct bundle poiiif; to 
tlie superior olivary body ol the same side ; (I*, tlieir defsu.sv.atiniT bllndlc•^ BUf»erior olivary l»ody of 

the opposite side. 7. Suponor olivary boily. 8. Trapezoid body. U. Trapezoid nucleus. 10. ( Icntral acoustic 
tract (lateral fillet). 11. llaphc. IL’.* Pyramidal tract. 13. Fourth ventricle. 14. llestifoim body. 

The auditory nerve contains a few efferent fibres which arise in the 
quadrigeminal bodies, the nucleus of tlie lateral fillet, the trajiezoid nucleus, 
and superior olivt^. 

The auditory nerve after leaving the medulla passers forwards across the 
posterior border of the middle peduncle of tlie certibellum, in company with 
the facial nerve, from which it is partially separated by the auditory artery. 
It then enters the internal auditory meatus with the facial nerve. At the 
bottom of the meatus it receives one or two fiJanu^nts from the facial nerve, 
and then divides into its two bninchcs, cochlear and vestibular. The auditory 
nerve is soft in texture, and is destitute of neurilemma ; its distribution will be 
described with the anatomy of the ear. 

Applied Anatomy , — ^The auditory nerve is frequently injured, together with tlie facial 
nerve, in fractures of the middle fossa of the base of the skull implicating the internal 
auditory meatus. The nerve may be either torn across, producing permanent deafness, 
or it may be bruised or pressed upon by extravasated blood or inflammatory exudation, 
when the deafness will in ail probability be temporary. The nerve may also injured 
by violent blows on the head, without any fracture of the bones of the skull taking place, 
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and deafness may arise from loud explosions from d 5 mamite, &c., probably from some 
lesion of this nerve, which is more liable to be injured than the other cranial nerves on 
account of its structure. ‘ Nerve deafness * as contrasted with deafness due to changes 
in the middle ear or meatus, is suggested if (1) a sounding tuning-fork placed on the middle 
lino of the head is heard better (Weber’s tost) by the unaffected ear ; or if (2) the sounding 
tuning-fork is heard longer when lield before the affected ear ( = air conduction) than 
when it is stood on the (iorresponding mastoid ( = bone conduction, Kinne’s tost) ; or if 

(3) the sounding tuning-fork applied to the vertex or mastoid is heard less well when 
the air in the meatus is compressed by the use of a Siegle’s spoculum (Goll6’8 test) ; or if 

(4) the tuning-fork pla(;cd on the mastoid is heard for a shorter time than its sound is 
])erceptible to a normal individual (= evidence that bone conduction is diminished, 
Schwabach’s tos(-). It must be remembered that all these tests are liable to anomalies 
and exceptions, and are no longer applicable to old j)eoi)le. If, however, concordant 
results art*, yielded by the tests of Weber, Rimie, and Gelle, Bezold’s ‘ triad of symptoms,’ 
nerve-deafness rather than deafness due to disease of the conducting structures is rendered 
highly probable. 

Tinnitus anrium^ or the hearing of sounds in the ear that have no objective cause 
outside the body, is said to be present in as many as sixty per cent, of cases of ear disease 
of all sorts, and is commonest in disease of the labyrinth or of the nerve. It is very 
variable in intensity ; the worst forms are purely subjective and due to irritation of the 
nerves itself. The sounds heard are of the most varied nature — buzzing, hissing, whistling, 
rushing, bell-ringing, and so forth — and may oecupj’^ the patient’s attention so completely 
that he is no longer able to attend to his business ; ho may even commit suicide in order 
to escape from them. In the insane, tinnitus is associated with delusions and halluciiia- 
t ions of hearing ; eases of insanity liave even been recorded in wiiich cure was effected 
by the removal of cerumen inijiac’ted in the meatus and giving rise to persistent tinnitus. 

Ninth Nerve (figs. 783, 784, 786) 

The Ninth or Glosso-pharyng'eal nerve (n. glossopharyngeus) contains 
botli motor and s(*n.sory fibres, and is distributed, as its name implies, to the 
tongue and jffiarynx. It is the nerve of ordinary sensation to the mucous 
membrane of the ])harynx, fauces and tonsil, and the nerve of taste to llii^ 
parts of the tongue to which it is distributed. 

Its fiupor tidal origin is by throe or four filaments, closely (connected together, 
from tlic^ upper part of the medulla oblongata, in the groove between the olivary 
and restiforin bodh^s. 

The sensory fibr(;s arise from the cells of the jugular and petrous ganglia, 
w’liioh are situated on the trunk of the nerve, and will be presently described. 
WJien traced into tJic medulla, some of the sensory fibrtjs terminate by arbor- 
ising around the cells of the upjier part of a nucleus whicli lies beneath the ala 
cinerea in the loAver part of the floor of the fourth ventricle. Many of the 
fibres, iiow’cver, contribute to form a strand, named the fasciculus soUtarius, 
whicli descends in tlu^ medulla. Associated with this strand are numerous 
nerve-cells, around w Inch the fibres of the fasciculus terminate. 

The motor fibres take oi’igin from the cells of the nucleus amhiguuSy wdiicli 
lies some distance from the lower part of the floor of the fourth ventricle in 
the lateral area of the medulla and is continuous below' with the anterior 
grey cornu of the spinal cord. From this nucleus the fibres are first directed 
backw^ards, and then tliey beild forwards and outwards to join the fibres of 
the sensory root. The nucleus ambiguus gives origin to the motor branches of 
the glosso-pharyngeal and vagus, and to the bulbar part of the spinal 
accessory. 

From its superficial origin, the glosso-pharyngeal nerve passes outwards 
across the flocculus, and leaves the skull at the central part of the jugular 
foramen, in a separate sheath of the dura mater, external to and in front of the 
pneurnogastrie and spinal accessory nerves (fig. 636). In its passage through 
the jugular foramen, it grooves the lower border of the petrous portion of the 
temporal bone ; and, at its exit from the skull, passes forwards between the 
jugular vein and internal carotid artery ; it descends in front of the latter 
vessel, and beneath the styloid process and the muscles connected with it, to 
the lower border of the Stylo-pharyngeus. The nerve now curves inwards, 
forming an arch on the side of the neck and lying upon the Stylo-pharyngeus 
and Middle constrictor of the pharynx. It then passes under cover of the Hyo- 
glossus, and is finally distributed to the mucous membrane of the fauces and 
base of the tongue, and the mucous glands of the mouth and tonsil. 
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In passing through the jugular foramen, the nerve presents, in succession, 
two gangliform enlargements (fig. 784). The superior, the smaller, is called the 
jugular ganglion ; the inferior and larger, the petrous ganglion, or the ganglion 
of Andersch. 

The jugular ganglion (ganglion superius) is situated in the upper part of 
the groove in which the nerve is lodged during its passage tlirough the jugular 
foramen. It is of very small size, and involves only part of the trunk of the 

nerve. It is usually regarded as a detached 
Fig. 784.— Origins, ganglia, and portion of the lower ganglion. 

commniiicaiions of the ninth, The petrous ganglion (ganglion pctrosiim) 

tenth, and eleventh cranial is situated in a depression in the lower border 

^^rves. of the petrous portion of the temporal bone ; 

it is larger than the superior, and involves 
tlui whole of the fibres of the nerve. From this 
ganglion arise those filaments which connect 
the glosso-pharyngeal with the pneumogastric 
and sympathetic nerves. 

Brarichcs of communication, — The glosso- 
pharyngeal nerve communicates with the 
pneumogastric, sympathetic, and facial. 

The branches to the pneumogastric arc two 
filaments which arise from the petrous ganglion, 
one passing to the auricular branch, and the 
other to the up]3er ganglion, of the pneumogastric. 

The petrous ganglion is connected by a filarncmt with the superior cervical 
ganglion of the sympathetic. 

The branch of communication with the facial perforates the posterior belly 
of the Digastric. It arises from the trunk of the glosso-pharyngeal below 
the petrous ganglion, and joins the facial just after the exit of that iiorvt> from 
the stylo-mastoid foramen. 

Branches of distribution, — ^The branches of distribution of the glosso- 
pharyngeal are, the tympanic, carotid, pharyngeal, muscular, tonsillar, and 
lingual. 

The tympanic branch (Jacobson’s nerve, n. tympanicus) arises from the 
petrous ganglion, and enters a small canal on the under surface of the petrous 
portion of the temporal bone on the bony ridge which separates the carotid 
canal from the jugular fossa. It ascends to the tympanum, which it enters 
by an aperture in the floor of that cavity close to the inner wall, and divides 
into branches. These form tlie plexus tympanicus iioA are contained in grooves 
upon the surface of the promontory. This plexus gives off : (1) the small 
superficial petrosal nerve ; (2) a branch to join the great superficial petrosal 
nerve ; and (3) branches to the tympanic cavity, all of which will be described 
in connection wdth the anatomy of the ear. 

The carotid branches descend along the trimk of the internal carotid 
artery as far as its commencement, communicating with th(5 pharyngeal branch 
of the pneumogastric, and wdth branches of the sympathetic. 

The pharyngeal branches (rami pharyngei) are three or four filaments 
which unite, opposite the Middle constrictor of the •pharynx, with the 
pharyngeal branches of the pneumogastric and sympathetic nerves, to form 
the pharyngeal plexus ; branches from this plexus perforate the muscular 
coat of the pharynx and supply its muscles and mucous membrane. 

The muscular branch is distributed to the »Stylo-pharyngcus. 

The tonsillar branches (rami tonsillares) supply the tonsil, forming around 
this body a plexus (cir cuius tonsillaris) from which filaments are distributed to 
the soft palate and fauces, wdiere they communicate with the palatine nerves. 

The lingual branches (rami linguales) are two in number : one supplies 
the circum vallate papilljc and the mucous membrane covering the surface of 
the base of the tongue ; the other perforates the substance, and supplies the 
mucous membrane and follicular glands of the posterior part of the tongue, 
and communicates with the lingual nerve. 

Applied Anatomy , — The exact anatomy of this nerve is still doubtful, and disease in 
it alone cannot usually be diagnosed. 


Jugular Oangl. 
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Tenth Nerve (figs. 783, 785, 786) 

The Tenth or Pneumogastric nerve (u^.Y.a^s) has a more extensive 
distribution than any of the other cranial nerves, since it passes tlirough the 
neck and thorax to tlie upper part of the abdomen. It is composed of both 
motor and sensory fibres. It supplies the organs of voice and respiration 
with motor and sensory fibres ; and the pharynx, cBsophagus, stomach, and 
heart with motor fibres. 

The super jicial origin of the pneumogastric nerve is by eight or ten filaments 
from the groove between the olivary and restiform bodies, below the glosso- 
pharyngeal. The sensory fibres arise from the cells of the ganglion of the root 
and the ganglion of the trunk of the nerve, and, when traced into the medulla, 


Fio. 785. — ^Mid- and hind-brains and upper part of spinal cord exposed from behind. 
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mostly terminate by arborising around the cells of the inferior part of the 
nucleus which lies beneath the ala cinerea in the low’er part of the floor of 
the fourth ventricle. Some of the sensory fibres of the glosso-pharyngeal nerve 
have been seen to terminate in the upper part of this nucleus. A few of the 
sensory fibres of tlie vagus descend in the fasciculus solitarius and terminate 
around its cells. The motor fibres arise from the cells of the nucleus ambiguus, 
already referred to in connection wdth the motor root of the glosso-pharyngeal 
nerve. 

The filaments become united, and form a fiat cord, which passes outwards 
beneath, the flocculus to the jugular foramen, through which it emerges 
from the cranium. In passing through this opening, the pneumogastric is 



034 


NEUROLOGY 


acoompaniecj. by the spinal accessory, and is’ contained in the same sheath 
of dura mater with it, a membranous septum separating them from the glosso- 
pharyngeal wliich lies in front (fig. 636). The nerve in this situation presents 

a well-marked ganglionic 
Fig. 786. — Course and distribution of the ninth, tenth, enlargement, which is called 
and elevt'iilh eranial nerves. the ganglion of the root 



(gaaiglion jugulare) ; to it 
the accessory part of the 
spinal accessory nerve is 
connected by one or two 
filaments. After its exit 
from the jugular foramen 
the nerv«) is joined by the 
accessory portion of the 
spinal accessory, and en- 
larges into a second gangli- 
form swelling, cidled the 
ganglion of the trunk (gan- 
glion nodosuin) ; through 
tins the fibres of the acces- 
sory x)ortion of the spinal 
accessory pass unclianged, 
being principally distri- 
b uteri to the jdiaryngeal 
and superior laryngeal 
branches of tlic vagus, but 
soine of the filaments from 
it are continued into the 
trunk of the vagus below 
the ganglion, to be distri- 
buted with the recurrent 
laryngeal nerve and prob- 
ably also with the c;ardiae 
nerves. The vagus nerve 
passes V(jrtically down the 
neck within tlio carotid 
sheath, lying between the 
internal carotid arterj^ 
and internal jugular vein 
as far as the thyroid carti- 
lage, and then between the 
same vein and the common 
carotid artery to the root of 
the neck. From this do wn- 
wards, the course of the 
nerve differs on the two 
sides of the body. 

On 4he right side, the 
nerve passes across the sub- 
clavian artery botiveen it 
and the right innominate 
vein, and descends by the 
side of the trachea to the 
back part of the root of the 
lung, where it spreads out 
in a plexiform network {'pos- 
terior pulmonary pUx'os). 
From the lower part of 


this two cords descend on 


the oesophagus, and divide to form, with branches from the opposite 
nerve, the oesophageal plexus {plexus gulce). Below, these branches are 
collected into a single cord, which runs albng the back part of the oesophagus, 
enters the abdomen, and is distributed to the posterior surface of the stomach, 
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joining the left side of the solar plexus, and sending filaments to the splenic 
plexus and a considerable branch to the coeliac plexus. 

On the left side, the pneumogastric nerve enters the chest between the left 
carotid and subclavian arteries, behind the left innominate vein. It crosses the 
arch of the aorta, and descends behind the root of the left lung, forming the 
posterior pulmonary plexus. From this it runs along tlie anterior surface of 
the cesophagus, where it unites with the nerve of the right side in forming 
the plexus gulce, and is conlinuc^d to the stomacli, distributing branches over 
its anterior surface ; some of tlieso extend over the fundus, and others along 
the lessor curvature. Filaments from these bi-aiiclics enter the gastro-hepatic 
omentum, and join the hepatic plexus. 

The ganglion efthofoot is of a greyish colour, spherical in form, about 
one sixth of an inch in diameter. 

Branches of communication. — To this ganglion the accessory portion of the 
spinaL -accessory nerve is connected by several delicate filaments ; it also 
communicat(\s by a twig with the iictrous gangUon of the glosso-pharyngeal, 
u'ith tlie facial nerve by means of its auricular branch, and witli the 
®yj^*ipathetic by means of an ascending filament from the superior cervical 
ganglion. 

The ganglion of the trunk is a plexiforni cord, cylindrical in form, of a 
reddish colour, and about an inch in length ; it involves the whole of the 
fibres of the m^rve. Passing through it is the accessory portion of the spinal 
accessory mn ve, which blends with the prunimogastric below the ganglion. 

Branches of communication. — ^'I'liis ganglion is (‘omiccted with the hypo- 
glossal, the superior cervical ganglion of the sympathetic, and the loop between 
the first and sc^cond cervical nerves. 

Branches of distribution,. — Tin* branches of tlu^ ]meumogastri(! are ; • 

In the jugular fossa . . . | ^ 

I Pliaryngeal. 

In tho nook ! Suporior laryngeal 

. Recurrent laryngeal. 

( Cervical cardiac, 

I Thoracic cardiac. 

In tlic thorax .... Anterior pulmonary. 

I Posterjor pulmonary. ^ 

\ G5sophagea!. 

In the abdomen .... Castric. 

The meningeal branch (ramus meniugeus) is a recurrent filament given 
off from the ganghon of the root in the jugular foramen. It passes backwards, 
thiough the jugular foramen, and is distributed to the dura mater covering 
the posterior fossa of the base of the skull. 

The auricular branch (ramus auricularis), or nerve of Arnold, arises 
from the ganglion of the root, and is. joined soon after its origin by a filament 
from the petrous ganglion of the glosso-pharyngeal ; it passes outwards beliind 
tho jttgttlfti’-voin, arid enters, a small canal on the outer wall of the jugular fossa. 
Traversing the substance of the temporal bone, it crosses the aqueductua 
FaUopii about one-sixth of an inch above the stylo-mastoid foramen, and 
here it gives off an ascending branch which joins the facial. The continuation of 
the nerve reaches the surface by passing through the auricular fissure between 
the mastoid process and the tympanic plate, and divides into two branches, 
one of which communicates with the posterior auricular nerve, while the other 

integument at the back part of the pinna and the posterior part 
of the external auditory meatus. 

The pha.ryngeal branch (ramus pharyngcus), the principal motor nerve 
of tho pharynx, arisea._irQm:.-the upper part of the ganglion of the., trunlv. 
It consists principally of filaments from the accessory portion of the spinal 
accessory ; it .passes across .the intcu-nal carotid artery to the upper border of 
t he .^ A idd lo constrictor, where it divides into numerous filaments, which join 
with those from the glosso-pharyngeal, sympathetic, and external laryngeal 
to form tho phary ngeaL plexu s. From the plexus, branches arc distributed to 
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the imificles and mucmMaembrane of the pharynx and the muscles of the 
s oft pal ate, except the Tensor palati. A minute "filament descends and joins 
thFirypbglossal nerve as it winds round the occipital artery. 

The superior laiyngeal nerve (n. laryn^ens superior) is larger than the 
preceding, and arises Jram the middle of tlu^ ganglion of the trunk. In 
its course it receives a branch from the superior cervical ganglion of the 
sympathetic. Itdnscends, by the side of the pharynx, behind the internal carotid 
artery, and divides into two branches, the external and internal laryngeal. 

The externol laryngeal hravrh (ramus externus), the si^ialler, dcscenck on the 
laryhxV T)eheath the Sterno-thyroid, to siij>ply the Crico-thyroid muscle. It 
gives branches to the j)luiryng<ial plexus and the Inferior (jonstrictor, and com- 
municates with the superior eardiac nerve, behind the common carotid artery. 

The internal laryngeal branch (ramus intern us) descends to the thyro-hyoid 
membrane, pierces it in company with the superior laryngeal artery, and is 
dist ribu ted to the mucous membrane the larynx. A snuill branch com- 
municates with the recurrent laryngeal nerve. Of the branches to the mucous 
membrane some are distiibuted to the epiglottis, the base of the tongue, and 
the epiglottic glands ; while others pass bac^kwards, in the aryteno-epiglottie 
fold, to supply tlic^ mucous membrane surrounding the superior orifice of the 
larynx, and that lining the* cavity of the larynx as low do\^m as the vocal 
cord. The filament which joins with the rccuri’ent laryngeal descends beneath 
the mucous membrane on the inner surface of the tliyroid cartilage, v\ here the 
two nerv(is become united. 

The inferior or recurrent laryngfeal nerve (n. reenrrens), so l^alled from 
its reflected course, is tlie motor nerve of the larynx. It arises, on the right sid(^, 
in front of the subclavian artery; winds from before backwards round that 
vessel, and ascends oblifpiely to the side of the tra(‘hea behind the common 
carotid, and (hither in front of or behind the inferior t hyroid artery. Oil the 
kjt side, it arises in front of tlie arcli of the aorta, and winds from before 
backwards btdow tla^ aorta at the point when* the obliterated ductus arte- 
riosus is at taelied, and then ascends to the side of the trachea. The nerve 
on citlu^r side ascends in the groove biiiween the trachea and msopliagus, 
passes und(*r the lowcj’ border of the Inh'rior constrictor muscle to enter the 
larynx behind the articulation of the inferior eoriiu of the thyroid eurlilage 
with tli(* cricoid, and is distributed to all tlie muscles of the larynx, excepting 
tlie Crico-thyroid. Il commimieates with the supijrior laryngeal nerve, and 
gives off a few filaments to the mucous membrane of tlu*. lower x>art of the larynx. 

The recurrent laryngeal, as it Jiooks round tlie subclavian artery or aorta, 
gives off several cardiac filaments, whii^h unite with the cardiac branches from 
the pneumogastric and symiiathetic. As it ascends in tlie neck it gives off 
oesophageal braiKjhcs, more numerous on the left than on the right side, which 
sujiply the mucous membrane and muscular coat of the oesophagus ; traclieal 
branches to tlie mucous membrane and muscular fibres of the trachea ; and 
some pharyngeal filaments to t he Inferior constrictor of the pharynx. 

The cervical cardiac branches (rami cardiac! superiores), two or three in 
number, arise from the ]meumogastric, at the upper and lower parts of the 
neck. 

The superior branches ar(i small, and communicate witli the eardiac branches 
of the sympathetic. They can be lra(M?d to the great or deep cardiac plexus. 

The inferior branch arises at the lower part of the neck, just above the first 
rib. That from the right vagus passes in front or by the sides of the innominate 
artery, and communicates with one of the cardiac nerves proceeding to the 
great or deep cardiac plexus ; that from the left runs down across the left side 
of the arch of the aorta, and joins’the superficial cardiac plexus. 

The thoracic cardiac branches (rami cardiaci inferiorcs). on the right 
side, arise from the trunk of the pneumogastric as it lies by the side of the 
trachea, and from its recurrent larjnigeal branch ; but on the left side from 
the recurrent nerve only ; passing inwards, they end in the deep cardiac 
plexus. 

The anterior pulmonary branches (rami broneliialcs anteriores), two or 
three in number, and of small size, are distributed on the anterior surface of 
the root of the lung. They join with filaments from the sympathetic, and 
form the anterior pulmonary plexus (plexus pulmonalis anterior). 
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posterior pulmonary branches (rami bronchiales posteriores), 
more numerous and larger than the anterior, are distributed on the TOSterior 
surface of the root of the lung ; they are joined by filaments from the third and 
fourth (sometimes also from tlio first and second) thoracic ganglia of the sjnn- 
pathetic, and form the posterior pulmonary pleocus (plexus pulmonalis posterior). 
Branches from this plexus accompany the ramifications of the bronchi through 
the substance of the lung. 

The oesophageal branches (rami oesophagei) are given off from tlie 
pneumogastric both above and below the pulmonary branches. Tiie lower 
are more numerous and larger than the u])per. They form, together with 
branches from the opposite nerve, the oesophageal plexus. From tliis plexus 
filaments are distributed to the back of the pericardium. 

The gastric branches (rami gastrici) are the terminal filaments of the 
pneumogastric nerve. The nerve on the right side is distributed to the posterior 
surface of the stomach, and joins the left side of the cocliac plexus and the 
splenic plexus. Tlie nerve on the left sid(^ is distributed over the anterior 
surface of the stom^ich, and along the lesser curvature. It unites with 
branches of the right nerve and with tlui sympathetic, some filaments i)assing 
through the lesser omentum to tlie hepatic plexus. 

Applied Anatomy. — The trunk of the pneuinog^'-slric is rarely injured, but the functions 
of the nerve may be interfered witli by damage to its nucleus of origin in the medulla ; 
by thickening or grow th from tlie meninges or bones, or aneurysm of the basilar artery, 
•before its exit from the skull , injuries such as gunshot or jmnetured w^oiinds in the neck, 
or injuries during such ojicratioTiK as ligature of the carotid artery, removal of tuberculous 
glands or other doep-sealed tumours. The jmeumogastric; may also bo compressed by 
aneurysms of the carotid artery, and its deep origin btseonies affeeded in bulbar paralysis. 
The symptoms produced by paralysis of the nerve are jialpitation, with increased frequency 
of the pulse, constant vomiting, slowing of the respiration, and a sensation of suffocaiiou. 

‘ Kefloxes ’ on the branches of the vagus are not at all uncommonly mot with. The 
‘ oar cough ’ is perhaps one of the commonest, where a jiliig of wax in the auditory meatus 
may by irritating the filaments of Arnold’s nerve be responsible for a persistent cougli. 
Syringing the external auditory meatus frequently jiroduccs cough, and, in children, 
vomiting is not uncommon as the result of such a jiroccduro ; moreover, in people with 
weak hearts, syringing the ear has been rcsjionsiblo for a sudden fatal syncope, by 
reflex irritation of the cardiac branches. Another very common examine is the persistent 
cough wliich is frecpient-ly due to enlarged bronchial glands in children, the irritation of 
which is referred to the superior laryngeal filaments. 

The anatomy of the laryngeal nerves is of considerable importance in considering some 
of the morbid conditions of the larynx. When the pcrijdieral terminations of the superior 
laryngeal nerve are irritated by some foreign body passing over tjiem, reflex spasm *of 
the glottis is the result. When its trunk is pressed upon by, for instance, a goitre 
or an aneurysm of the upi)er part of the carol id, there is a peculiar dry, brassy cough. 
When the nerve is paralysed, there is aiiscsthesia of the mucous membrane of the larynx, 
so that foreign bodies can readily enter the cavity, and, as the nerve also supplies the 
4 ricothyroid muscle, the vocal cords cannot be made tense, and the voice is deep and 
hoarse. Paralysis may be the result of bulbar paralysis ; may be a sequel to di])htheria, 
when both nerves are usually involved ; or it may, though less commonly, be 
caused by the pressure of tumours or aneurysms, when the paralysis is generally 
unilateral. Irritation of the recurrent or inferior laryngeal nerves produc-es spasm of the 
muscles of the larynx. When both these rec-urrent nerves are paralysed, the vocal cords 
are motionless, in the so-called ‘ cadaveric position ’ — that is to say, in the position in which 
they are found in ordinary tranquil respiration ; neither closed as in phonatioii, nor open 
as in deep inspiratory efforts. When one recurrent nerve is paralysed, the cord of the same 
side is motionless, while the opposite one crosses the middle lino to accommodate itself 
to the affected one ; hence phonation is present, but the voice is altered and 
weak in timbre. The nerves may be paralysed in bulbar paralysis or after diphtheria, 
when the paralysis usually affects both sides ; or they may be affected by the pressure 
of aneurysms of the aorta, innominate, or subclavian arteries ; by mediastinal tumours ; 
by gummata ; or by cancer of the upper part of the oesoi^hagus, when the paralysis is 
often unilateral. Paralysis of the adductor muscles of the larynx on both sides is quite 
common, and is usually functional in nature. The voice is reduced to a wliispor, but the 
power of coughing is preserved. 

Eleventh Nerve (figs. 783 , 785 , 786 ) 

The Eleventh or Spinal Accessory nerve (n. accessorius) consists of two 
parts : one, the accessory part to the vagus, and the other the spinal portion. 
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The bulbar or accessory part is the smaller of the two. Its fibres arise 
from the cells of the nucleus ambiguus and emerge as four or five delicate 
filaments from the side of the medulla, below the roots of the vagus. It passes 
outwards to the jugular foramen, where it interchanges fibres with the spinal 
portion or becomes united to it for a short distance ; it is also connected, in the 
foramen, with tlie ganglion of the root of the vagus by one or two filaments. It 
then passes through the foramen, and becoming again separated from the spinal 
portion it is continued over the surface of the gangh'on of the trunk of the vagus, 
being adherent to its surface, and is distributed principally to the pharyngeal 
and suiicrior laryngeal branches of the pneumogastric. Through the pharyngeal 
branch it probably supplies the Azygos uvulas and Levator palati muscles (see 
page 486). Some few filaments from it are continued into the trunk of the vagus 

Fio. 787.— rian of tlwi hypoglossal nerve. 

I I 


TO DURA- MATER 



below the ganglion, to be distributed ^vitli the recurrent laryngeal nerve and 
probably also with the cardiac nerves. 

The spinal portion is firm in k‘.xture, and its fibres arise from the motor 
cells in the outer part of the anterior horn of the gi*ey matter of the spinal cord 
as low as t he fifth cervical nerve. Passing outwards and backwards through the 
lateral wiiite column of the cord, they emerge on its surface and unite to form 
a single trunk, wiiich ascends betw^een the liganientum denticulatum and the 
posterior roots of the sx)inal nerves, enters the skull through the foramen 
magnum, and is thcji directed outwards to the jugular foramen, through which 
it passes, lying in the same sheath of dura mater as the pneumogastric, but 
separated from it by a fold of the arachnoid. In the jugular foramen, it 
receives one or two filaments from the accessory portion, or else joins it for a 
short distance and then separates from it again. At its exit from the jugular 
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foramen, it runs backwards, either in front of or behind the internal jugular 
vein, and descends obliquely behind the Digastric and Stylo-hyoid muscles 
to the upper part of the Sterno-mastoid. It pierces this muscle, and passes 
obliquely across the posterior triangle, to terminate in the deep surface of 
the Trapezius. During its passage through the Sterno-mastoid it gives 
several branches to the muscle, and joins in its substance with branches from 
the second cervical. In the posterior triangle it joins with tht^ second and 
third cervical nerves, while beneath the Trapezius it forms a plexus with 
the third and fourth cervical nerves, and from this plexus fibres arc; distributed 
to the muscle. 

Apjjlied Anatomy . — Tho functions of tlie spinal accessory nervo may be interfered 
with either by central changes ; or at its exit from the skull, by fractures running across 
the jugular foramen ; or in the neck, by inflamed lymijhatic glands, &c. The acute wry 
neck in children is most commonly due to inflamed or suppurating glands, and rapidly 
subsides with ap}>ropriato treatment. Central irritation causes clonic spasm of the Sterno- 
mastoid and Trapezius muscles, or, as it is termed, spasmodic torticollis. In cases of this 
alfection in which all previous palliative treatment has failed, and the spasms are so severe 
as to undermine the patient’s health, division or excision of a portion of the spinal accessory 
nerve has boon resorted to. This must be done from the anterior border of the Sterno- 
mastoid muscle. The operation consists m making an in(;ision, three inches in length, from 
the apex of tho mastoid process ak»ng the anterior border of the muscle, which is defined 
and pulled backwards, so as to stretch the nerve, which is then to be sought for beneath 
the Digastric muscle, about two inches below the apex of the mastoid process. Unfortu- 
nately, tho operation does not yit Id a satisfactory or permanent cure, as the spasms tc'ud 
to recur after an interval, either in the same muscles or in other groujwi of neck muscles. 

In cases where extensive disser^tions arc undertaken for enlarged glands in the posterior 
triangle of the neck, it is essential that this nervo should be at on(;c sought for and isolated 
from the mass of inflamed glands so as to maintain its continuity, as otherwise itf would 
be very liable to be divided, Avilh resulting paralysis of the IVapeizius. 

Twelfth Nepve (figs. 7H5, 7S7, 788) 

The Twelfth or Hypog^lossal nerve (n. liy])oglossu8) is the motor nerve 
of the tongue. 

Its^fibrcs arise from tho cells of the hypoglossal nuchas, which is an upward 
prolongation of tlie base of the anterior horn of grey matter of tlie cord. This 
nucleus is about three-quarters of an inch in length, and its upper part corre- 
sponds wit li tlie iriyonum hypoglossi, wliieh is situated close to the middle line in 
the lowei* half of tlu; floor of the fourt li v<;nin(;le. Tho louer part of the nucleus 
extends downwards into the (;losed part of the medulla, and f here lies in relation 
to the ventro-lateral asjieet of the central canal. Thu ,fibres run forwards 
through the entire thickness of the medulla, between its anterior and lateral 
aroiis, and emerge in tlie pre-olivary sulcus between tlie pyramid and the olivary 
body. 

The filaments of this nerve are collected into two bundles, which perforate 
the dura mater separately, opposite the anterior cjondyloid foramen, and unite 
together after their passage througli it. In those eases in wdiich tlie anterior 
condyloid foramen in the occipital bone is double, tliese two portions of the 
nerve are separated by the small piece of bbne which divides the forfimen. 
The nerve desccncfs almost vertically to a point corresponding with the angle 
oiiho- jaw. Jt is at first deeply seated beneath the internal carotid artery and 
internal jugular vein, and intimately connected with the pneumogastric nerve ; 
it. then passes forwards between the vein and artery, and low^er down in the 
neck becomes sui)erfi(;ial below the Digastric muscle. The nerve then loops 
round tho occipital artery, and crosses the external carotid and lingual 
below the tendon of the Digastric. It passes beneath the tendon of the 
Digastric, the Stylo-hyoid, and the IVlylo-hyoid muscles, lying, between the 
last-named .muscle and tlie Hyo-glossus, and communicates at the anterior 
border of the Hyo-glossus wltli the lingual nerve ; it is then continued forwards 
in the fibres of tlie Genio-hyo-glossiis muscle as far as the tip of the tongue, 
disTributing branches to its muscular substance. 

Branches of communication , — The branches of communication are, with the. 

Pneumogastric. First and second cervical nerves. 

Sympathetic. Lingual. 
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The communication witli the pneumogastric takes place closo to the exit of 
the nerve from the skull, numerous filaments passing between the hypoglossal 
and the ganglion of the trunk of the pneumogastric through the mass of con- 
nective tissue which uiiiles the two nerves. It also communicates with the 
pharyngeal plexus by a minute filament as it winds round the occipital artery. 

The communication with the sympathetic takes place oj)posite the atlas by 
branches derived from the superior cervical ganglion, and in the same situation 
the nerve is joined by a filament derived from the loop connecting the first two 
(jorvical nerves. 

The communieation witli th(^ lingual takes place near the anterior border 
of the Hyo-glossus musc^h^ by numerous filaments vvhi(;h ascemd upon it. 

Fio. 788. — Hypoglossal nerve, cervical plexus, and their branches. 



Branches of distribution , — The branches of distribution are, the 

Meningeal. Thyro-hyoid. 

Descendens hypoglossi. Muscular. 

Of these branches, the meningeal, deseendens hypoglossi, thyro-hyoid, and 
the muscular branch to the Genio-hyoid, Jire probably derived mainly from the 
branch wdiich passes from the loop between the first and second cervical to join 
the hypoglossal (tig. 787). 

Meningeal branches. — As the hypoglossal nerve passes through tlie 
anterior condyloid foramen it gives off, according to Luschka, several filaments 
‘to the dura mater in the posterior fossa of the base of the skull. 

deseendens .hypoglossi (ramus deseendens) is a long slender branch, 
which quits the hypoglossal where it turns round the occipital artery. It 
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descends in front of the sheath of the carotid vessels, giving off a branch to the 
anterior belly of the Oino-hyoid, and then joins the descendens cervicis (ramus 
communicans hypoglossi) from the second and third cervical nerves, just below 
the middle of the neck, to form a loop, the anm hypoglos.si. From the con- 
vexity of this loop branches pass to svii)ply tlio Slerno-hyoid, the Sterno- 
thyroid, and the ])Osterior belly of the Omo-hyoid. According to Arnold, 
another filament descends in front of the vessels into the chest, and joins the 
cardiac and phrenic nerves. 

The thyro-hyoid branch (ramus thyrooliyoidcus) arises froin the 
hypoglossal near the postc^rior bord(^r of the Hyo-glossus ; it runs obliquely 
across the great (jornu of the hyoid bone, and sujqdu^s the Thyro-hyoid muscle. 

The muscular branches are. distributed to the Stylo-glossus, Hyo-glossus, 
Cenio-hyoid, and Geiiio-hyo-glossiis muscles. At the undtr surface of the 
tongue numerous slender branches pass upwards into the substance of 
the organ to supj)ly its intrinsic muscles. 


Applied Anatomy . — The hypoglossal nerve is an important guide in the operation of 
ligature of the lingual artery (see page 631). It runs forwards on the Hyo-glossus just 
above the great cornu of the liyoid bone, and forms the upper boundary of the triangular 
sj)ace in which the artery is to be sought for by cutting through the fibres of the Hyo- 
glossus. Ill cases where it has been injured on one aide of the neck, or in some cases 
of bulbar paralysis, unilateral ]mralysis, together with liemiatrophy of the tongue, is the 
result ; the tongue, when protruded, being directed to the paralysed side owing to the 
unopposed action of the Genio-hy »-gIossusof tJie opposite side. On retraction, the wasted 
and paralysed side of the tongue risas up higher than the other. The larynx may deviate 
tf)wards the sound side on swallowing, from the unilateral paralysis of the depressors of 
the hyoid bone. If the paralysis is bilaleral, the tongue lies motionless in the mouth, 
while articulation and mastication are much interfered with. • 


THE SPINAL NERVES (NERVI SPINALES) 

The Spinal nerves spring from the spinal cord, and arc transmitted 
tlirough the intervertebral foramina. They number thirty-one j^airs, which 
are grouped aH follows : 

Cervical, 8 ; 

Thoracic, 12 ; 

Lumbar, 5 ; 

Sacral, 5 ; 

(bccygeal, 1. 

The Jirst cervical nerve emerges from the vertebral canal between the occipital 
bone and the atlas, and is therefore called the suboccipiial nerve (n. suboccipi- 
tsdis) : thoeightli issues between the seventh cervical and first thoracic vertebra?. 

Nerve roots. —Eacli nerve is attacljcd to tlio spinal cord by two roots, 
an anterior or ventral, and a posterior or dorsal, the latUm being characterised 
by the presence of a ganglion, the fsphml ganglion. 

The anterior root (radix anterior) emerges from the anterior surface of 
the cord as a number of rootlets or fasciculi (fila radicularia), whicli coalesce 
to form two bundles near the intervert(?bral foramen. 

The posterior root (radix posterior) is largiir than the anterior owing to the 
greater size and number of its fasciculi ; thcs(^ are attached along the postero- 
lateral furrow of the spinal cord and unite to form two bundles which join the 
spinal ganglion. The posterior root of the first cervical nerve is exceptional 
in that it is smaller than tlie anterior ; it is occasionally wanting. 

The spinal ganglia (ganglia spinalia) are collections of nerve cells on the 
posterior roots of the spinal nerves. Each ganglion is oval in shape, reddish 
in colour, and its size bears a proportion to that of the nerve root on which it 
is situated ; it is bifid internally where it is joined by the two bundles of the 
posterior nerve root. The ganglia are usually placed in the intervertebral 
foramina, immediately outside the points where the nerve roots perforate 
the dura mater, but there are exceptions to this rule ; thus the ganglia of tJie 
first and second cervical nerves lie on the neural arches of the atlas and axis 
respectively, those of the sacral nerv^ are inside the vertebral canal, while 
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tliat on the posterior root of the coccygeal nerve is placed within the sheath 
of dura mater. 

Stricture , — Tlie ganglia consist chiefly of unipolar nerve cells, and from these 
the fibres of tiu* ])ostcrior root take origin — the single process of each cell 
dividing aft(‘r a sliort cours(^ into a central fibre wliicli enters the spinal cord 
and a poripln'ral fibre w^hieli runs outwards into tlie spinal nerve. Two other 
forms of cells an;, liowevcj', present, viz. : (a) the cells of Dogiel, whose axons 

h"r(}. 789. — Distribution of cutaneous nerves. 




ramify close to the cell (type II. of Golgi), and are distributed entirely within 
the ganglion ; and (h) multipolar cells similar to those found in the sympathetic 
ganglia. 

The ganglion of the first cervical nerve may be absent, while small aberrant ganglia 
consisting of groups of nerve colls are sometimes found on the posterior roots between 
the spinal ganglia and the cord. 

Each nerve root receives a covering from the pia mater, and is loosely 
invested by the arachnoid membrane, the latter being prolonged as far as the 
points .where the roots pierce the dura mater. The two roots pierce the dura 
mater separately, each receiving a sheath from this membrane ; where the 
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roots join to form the spinal nerve this sheath is continuous with the epineurium 
of the nerve. 

Size and direction. — The roots of the upper four cervical nerves are 
small, those of the lower four are large. The posterior roots of the cervical 
nerves boar a proportion to the anterior of three to one, which is greater than 
in the other regions ; their individual filaments are also larger than those of 
tlie anterior roots. The posterior root of the first cervical is an exc^ejition 
to this rule, being smaller thfin the anterior root; in eight per cent, of cascis 
it is wanting. The roots of the first and second cervical nervt^s are sliort, and 
run nearly horizontally outwards to their points of exit from the vertebral 
canal. Eroni the second to the eighth cervical they are directed obliquely 
downwards and outw’ards, the obliquity and length of the roots successively 
increasing ; the distance, however, between the level of attachment of any 
of these roots to tlie cord and the points of exit of the corresponding nerves 
never cxccjcds th(i depth of one vertebra. 

The roots of the thoracic nerves, with the exception of the first, arc of small 
size, and the posterior only slightly exceed the ancerior in thickness. They 
increase successively in length, from above do wm wards, and in the lower part of 
the thora(;ic region d<\scend in contact wdtL the cord for a distance equal to the 
hfiight of at h^ast t-wo vortebrie befon^ thty emerge from the vfU’tebral canal. 

The roots of tlu* 1 ow'(m* lumbar and u])|> r sacral nerves are tin* largest, and 
their individual filaments tlu^ most numerous of all tlu^ sjnnal nerves, while the 
roots of tln^ coccygeal nerve an*, the smallest. 

The roots of th(^ lumbar, sacral, and coccygeal nerves run vertically dow'n- 
wards to tlieir rcsfXH'tive exits, and as the spinal cord ends near the lower 
border of the first lumbar vertebra it follow^s that the length of the successive 
roots must rapidly increase. As aln^ady mentioned (page 797), the term 
cauda equina, is apj)lied to this colle(;tion of nerve roots. 

Prom the description given it w'ill be seen that the largest nerve roots, 
and consequently the largest spinal nerves, are attaelied to the (jervical and 
lumbar swellings of the cord ; these nerves an^ distributed to the upper and 
lower limbs. • 

Points of emergence.- -TJie following table, after Macalister, shows the 
relations wdiich the plac^es of attachment of tin; nerves to th(» cord present to 
the bodies and spinous processes of the vertebra' : 


JiCVl'l 
body of 


No. of Nerve 


Lf'vcl of 
ti]) of spine of 


Lcm el 
of botlv of 


No. of Nerve j 


Level of 
tip of si>ine of 




C. 1 


3 

4 

5 

6 

7 

T. 1 
2 

3 

4 

5 

6 

7 


C. 1 
12 
13 

4 

5 
G 
7 
•8 

T. 1 
2 

3 

4 

5 

6 

7 

8 


1 0 . 

2C. 

3 C. 

4 C. 
5(\ 
6C. 
7 C. 
1 T. 

2T. 

3T. 

4T. 

5T. 

6T. 


T. 8 T. 9 

7 T. 

9 

10 

8 T. 

10 

11 

9 T. 

— 

12 

10 T. 

11 L. 

1 


1 11 T. 

h2 1 


1 


1 

4^ 


12 T. 

/ 

6) 

— 

S. 1 i 


L. 1 : 

2] 




3 



1 

4 

L ! 

1 L. 

— 

5| 


1 

— C. IJ 


1 

L. 2 

— 


i — 


Connections with sympathetic. — Immediately beyond the spinal 
ganglion, the anterior and posterior nerve roots unite to form the spinal nerve 
which emerges through the intervertebral foramen. Each spinal nerve receives 
a branch (grey ramus communicans) from the adjacent ganglion of the sym- 
pathetic cord, while all the thoracic, and the first and second lumbar nerves each 
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contribute a branch {white ramus communicaus) to the adjoining sympathetic 
ganglion. The sociond, third, and fourth sacral nerves also supply white 
rami; these branelu^s, however, are not connected with the ganglia of the 
sympathetic cord, but run directly into the jKdvic plexuses of the sympathetic. 

Structure. — Eiuili typical spinal nerve contains fibres belonging to two 
systems, viz. Ibe somatic, and the sympathetic or splanchnic, as well as fibres 
connecting these systems with each other. 

1. The somatic fil)rcs arc elTcrent and afferent. The efferent fibres 
oi-iginatc in the cells of tlie anterior horn of the spinal cord, and runoutM’ards 
tlirougli the anterior nerve roots to the spinal nerve. 'I’Jiey convey impulses 
to the voluntary ?nuscles, and are continuous from their origin to tluiir pcriplicral 
distribution. The afferent fibres convey impressions inwards from the skin, &c., 
and originate in the unipolar mu-ve cells of the spinal ganglia. TIk^ single 
processes of these cells divide into p(U'i])heral iuid central fibres, and the latter 
ent(U' the .spinal cord tlirough tli^ jiostcu'ior nerve roots. Many of tliein are 


Fig. 790. — Scheme showing .structure of a typical s])inal nerve. 



continu(‘d up the cord to the im^dulla oblongata, where t]ie\\<;nd in the nucleus 
gracilis and nucleus cumuitus, but some form synapses round efferent neurons 
in the same or opposite^ side of the cord, eomjileling in tJiis way reflex arcs. 

2. The sympathetic fibres are also efferent and afferent. The efferent 
fibres originate in the lateral horn of the spinal cord and are conv(\vc‘d through 
the anterior nerve root and the white ramus communicans to the corresponding 
ganglion of the sympathetic chain ; htjre they may end by forming synapses 
around its (;ells, or may run through the ganglion to end in another of the chain 
ganglia or in a more distally placed ganglion in one of the sympathetic plexuses. 
In all cases they < crmiiiatc* by forming synapses around other nerve cells. From 
the cells of the chain ganglia other fibres take origin ; some of these run inwards 
through the grey rami commuiiicantes to join the spinal nerves, along which 
they are carried to the blood-vessels of the trunk and limbs,* while others pass 

* It is generally stated that the sympathetic fibres which run in the spinal nerves are 
distributed to the Arrectores pilonim muscles and the glands of the skin, hut the evidence is 

not Gonchisiye. 
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to the viscera, either directly or after interruption in one of the distal ganglia. 
The afftreM fibres are derived partly from the unipolar cells (type I.) and partly 
from the multipolar cells (type III.) of the spinal ganglia. Their peripheral 
processes are carried outward through the white rami communicantes, and 
after passing through one or more sympathetic ganglia (but always without 
interruption in them) finally terminate in the tissues of the viscera. The 
central processes of the unipolar celJs enter the spinal cord through the posterior 
nerve root and form synapses around cither somatic or sympathetic efferent 
neurons, thus completing reflex arcs. The dendrites of the multipolar nerve 
cells form synapses around the cells of type II. (cells of Dogiel) in the spinal 
ganglia, and by this path the original impulsci is transferred from the sym- 
pathetic to the somatic system, through which it is conveyed to the sensorium. 

Divisions. — After emerging from the intervertebral foramen, each spinal 
nerve gives off a small recnrrejni branch (ramus meningeus) which re-enters the 
spinal (‘anal through th(^ irit(‘vr vertebral foramen and supplies the vertebrae and 
their ligaments, and the blood-vessels of the spinal cord and its membranes. 
It then splits into a posterior or dorsal, and an anterior or ventral division, 
each division containing fibres from both nerve roots. 


POSTERIOR PRIMARY DIVISIONS OF THE SPINAL NERVES 

The posterior primary divisions are as a rule smaller than the anterior. 
They are directed backwards and, with the exceptions of those of the first 
cervical, the fourth and fifth sa<;ral, and the coccygeal, divide into internal and 
ext(n7ial branches (rami medialcs et latcTales) for the supply of the muscles 
and skin of the posterior part of the trunk. 

Cervic al, NiflXtvES 

The posterior division of the first cervical or suboccipital nerve 

is larger than tlic anterior division, « urn oygoM iibn vi\ >1 1 of 

tlu^ atlas and J;j!(incath tlu^ v(‘rt(‘bral artery. It entc'rs the subocciipital triangle 
and supplies the muscles which bound this space, viz. the Rectus capitis 
post.jr^^ major, the -Xlbliquus superior, and the Obliq ii us inferior ; it gives 
braiuflies also to the Rectus capitis posticus niiimr and the Comph'xus. A 
filament from the l)ranch to the Obliqiius inferior joins tTre''seeond cervical 
nerve. 

« 

Thu nerve also occasionally gives off a catancous branch which accomyianies the 
occipital artery to the scalp, and communicates with the great and small oc(;i])itaI nerves. 

The, posterior division .of ^ the second cervical nerve is much larger 
than the anterior division, and is th(^ greate st of all the postoirior cervical 
divisions. It euiergcs between tlie posteJior arch of the atlas and the lamina 
of the axis, b(Tow tlie Inferior obli(pi(\ It supplies a twig to tliis museJe, 
recfiiyes a communicating filament from tlm first cervical, and then divides 
into a large inten^aJ and a small external bramdi. 

The in^/rnn l bramdi, calked from its size the gziUiLiuxiipital mx'm (n. occipitalis 
major) ascends obBciuely inwards between the Oblicyuus inferior ajid the 
Complexus, and pierc es the latter muscle and the Trapezius near their attach- 
ments to the occipital bone. It is now joined by a filament from the posterior 
division of the third cervical and, ascending on the back of the head with the 
2g.pipi^tial artery, <^i<les into branches wliich Gommunicato with tlie small 
occipital nerve aiidsupply the skin of the scalp as far forward as the vertex 
ofthe skull. It gives off muscular branches to the Complexus, and occasionally 
a twig to the back of the pinna. The external branch supplies filaments to 
the Splenius, Trachelo-mastoid and Complexus, and is often joined by tlie 
corresponding branch of the third cervical. 

pnstpriQC-jdivisian., of ..the third i:eryical is intermediate in size 
between those of the second anci fourth. 'h^iMtr n^l branch runs between the 
Complexus and Semispinalis, and piercing the Splenius and Trapezius, ends 
in the skin. While under the Trapezius it gives off a branch called the third 
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occipital nerve (n. occipitalis tejrfiius) which pierces the Trapezi^ia and ends in 
the skin of the lower part of the bac;k of the head. It lies to the inner side 
of the great occipital and communicates with it. Tl^c external branch often 
joins tha| of the second. 

The posterior division of the suboccipital, and the inner branches of the posterioi 
primary divisions of the second and third cervical nerves are sometimes joined by commu- 
nicating loops to form the posterior cervical plexm (Cruveilhier) (fig. 791). 

The posterior divisions of the lower five cervical nerves divide 
into internal and oxiemal branches. The intermit branches of the fourtli 


Fig. 791. — Plan of the posterior divisions of the upper cervical nerves. 



and fifth run betw'een the Semispinalis and Comploxus, and, having reached 
ihe spinous processes, pierce the Splenius and Trapezius to end in the skin. 
Sometimes the internal branch of the fifth fails to reach the skin. The internal 
branches of the lower thme nerves are small, and end in the Semispinalis, 
Multifidus spinse, Complexus and Interspinales. The external branches of 
the lower five nerves supply the Oervicalis ascendens, Transversalis colli, and 
Trachelo-mastoid. 



CERVICAL NERVES 

and deep distribi H * 
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Thoracic Nerves (fig. 792) 

The internal branches of the posterior divisions of the upper six thoracic 
nerves run inwards between the Semispinalis dorsi and Multifidus spinas, 
which they supply ; they then pierce the Khomboidei and Trapezius and reach 
tlie skin by the sides of the spinous processes. The internal branches of the 
lower six are distributed chiefly to the Multifidus spinas and Longissim us dorsi : 
occasionally they give off filaments to the skin near the middle line. 

The external branches increase in size from above downwards. They run 
through or beneath the Longissimus dorsi to the interval between it and the 
Ilio-costalis, and supply these muscles ; the lower five or six also give off 
cutaneous branches which pierce the Serratus posticus inferior and 
Latissimus dorsi in a line witJi the angles of the ribs. The external branches 
of a variable number of the upper thoracic nerves also give filaments to the skin. 

The interna] cutaneous branches of the posterior primary divisions of the thoracic 
nerves descend for some distance close to the spinous processes before reaching the skin, 
while the external branches travel downwards for a considerable distance — it may be as 
much as the breadth of four ribs — before they become superficial ; the branch from the 
twelfth thoracic, for instance, reaches the skin only a little way above the iliac crest.* 


Lumbar Nerves 

The internal branches of the posterior divisions of the lumbar nerves 

lass inwards close to the articular processes of the vertebra? and end in the 
iultifidus spina‘. 

^ Fig. 793. — ^The posterior primary divisions of the sacral nerves. 



The external branches supply the Erector Spina?. The upper three give off 
eutaneous nerves which pierce the aponeurosis of the Latissimus dorsi at the 
^uter border of the Erector spinse and descend across the posterior part of 
the iliac crest to the skin of the buttock, some of their twigs running as far 
as the level of the great trochanter. 

* Consult in this connection an article on the cutaneous branches of the posterior primary 
divisions of the spinal nerves, by H. M. Johnston, JouttmI of Aimtomy and Phynology^ vol. xliii. 
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Sacral Nerves 

The posterior divisions of the sacral nerves (fig. 793) are small, and 
diminish in size from above downwards ; they emerge, except the last, through 
the posterior sacral foramina. The upper three are covered at tlieir points of 
exit by the Multifidus spinse, and divide into internal and external branches. 

The irderual branches are small, and end in tlie Multifidus spinae. 

The external branches join with one another and with the last lumbar and 
fourth sacral to form loops on the posterior surface of the sacrum. From these 
loops branches run to the posterior surface of the great sacro-sciatic ligament 
and form a second series of loops under tJio Gluteus maximus. From this second 
series cutaneous branches, two or three in number, pierce the Gluteus maximus 
along a line drawn from the posterior superior iliac spine to the tip of the coccyx ; 
they supply the skin over the posterior part of the buttock. 

The posterior divisions of the lower two sa(;ral nerves are small and lie below 
the Multifidus s^fina). They do not divide into internal and external branches, 
but unite with each other andwitli tJie posterior division of the coccygeal nerve 
to form loops on tiie back of the sacrum ; filaments from these loops supply 
the skin over the coccyx. 

CoccvcnsAL Xerve 

The posterior division of the coccygeal nerve docs not divide into 
an internal and an exU‘rnal branc'-h, but receives, as already stated, a 
communicating branch from the last sacral; it is lost in tlic skin over the 
back of the coccyx. 


ANTERIOR PRIMARY DIVISIONS OF THE SPINAL NERVES 

The anterior primary divisions of the spinal nerves (rami anteriores) 
supply the antero-lateral j^arts of the trunk, and the limbs ; they are for tlie 
most part larger than the j^osterior divisions. In the thoracic region they run 
indoptmdently of one another, but in the cervical, lumbar, and sacral regions 
they unite near their origijis to form plexuses. 


CERVICAL NER\ES (NN. CERVTCALES) 

The anterior primary divisions of the cervical nerves, with tlie 
excejition of the first, pass outwards betvreen the anterior and posterior Inter- 
transverse muscles, lying on the grooved upper surfaces of the transverse 
processes, and emerge between the muscjles attached to the anterior and 
posterior tubercles of these. The arderior prirmry dimsion of the first or sub- 
occipital nerve issues from the vei’tebral (?anal above the j)Osterior arch of the 
atlas and runs forwards round the lateral aspect of its superior articular process, 
internal to the vertebral artery. In most cases it descends internal to and 
in front of the Rectus lateralis, but in some cases it pierces the muscle. 

The anterior primary divisions of the up])er four cervical nerves unite to, 
form the cervical plexus, and each receives a grty ramus communicans from 
th(i superior (jervical ganglion of the sympafheti(i cord. Those of the lower 
four cervical, together vltli the greater part of the first thoracic, form the 
brachial plexus. They each receive a grey ramus communicans, those for 
the fifth and sixth being derived from tln^ middle, and those for the seventh 
and eighth from the lowest, cervical ganglion of the sympathetic. 

Cervical Plexus (Plexus Cervicalis) 

The cervical plexus (fig. 794) is formed by the antt^rior primary divisions of 
the upper four cervical nerves ; each nerve, except the first, divides into an 
upper and a low'er branch, and the branches unite to form three loops. It is 
situated opposite the upper four cervical vertebrae, in front of the Levator 
anguli scap^a3 and Scalenus medius, and covered by the Sterno- mastoid. 

Its branches are divided into two groups, superficial and deep, and are here 
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jivon in tabular form ; the figures following the names indicate the nerves 
Tom which tlie different branches take origin : 


Ascending 

Superficial 

Descending or 
^ Supraclavicular 


I Communicating 

Internal 


Deep 


Muscular . 


Communicating 

I External 

Muscular . 


(Small occipital 
(Great auricular 
(Superficial or transverse] 
1 cervical ^ 

( Sternal ) 

Clavicular i- 
^Acromial ) 

With hypoglossal . 

„ vagus . ' . 

,, sympathetic . 
Rt^ctus lateralis 
Anterior n^cti 
Communicantes hypo- ) 
glossi [ 

Phrenic . 

with Sy)inal aecesssory 
I Sterno-mastoid 
Trape/Jus 

I Levator angiili scapulai 
'Scfilenus inedius 


2, C. 

2, 3, C. 

2, 3, C. 

3, 4, C. 

1.2, C. 

1, 2, C. 

1, 2, 3, 4, C. 
1,C. 

1, 2, C. 

2, 3, C. 

3, 4, 0, C. 

2, 3, 4, C. 

2, C. 

3, 4, C. 

3, 4, C. 

3, 4, C. 


SuPERFiriAL Branches op the Cervical Plexus (fig. 795) 

THo small occipital (n. oecijntalis minor) arises from the second 
Cjeraical nerve, sometimes also from the third ; it curves round the posterior 
border of the Sterno-mastoid, and ascends along the posterior border of the 
muscle. Neax lh.e, cranium it perforators the deej) fascia, and is continued 
upwards along the side of tlie head behind the ear, supy)lying the integument 
and communicating with the great occipital, the great auricular, and the 
posterior auricular t)ranch of the facial. Tlie small occipital vanes in size, 
and is sometimes duplicated. 

It gives off an auricular hranch, which supplies the integument of the 
upper and back part of the aurkde, communi(iating with the mastoid branch 
of the great auricular. This branch is occasionaUy derived from the great 
occipital nerve. 

The g^reat auricular (u. auricularis magnus) is the largest of the ascending 
branches. It arises from the second and third cervi(!al nerves, winds round 
the posterior border of tlie Sterno-mastoid, and, after perforating tfieT deep 
fascia, ascends upon that muscle beneath tlie Platysma to the parotid glan d, 
where it divides ipto facial, auricular, and mastoid .branches. 

The facial branches are distributed to the inl(;gument of the face over the 
parotid gland ; others penetrate the substance of the gland, and communicate 
with the facial nerve. 

The auricular branches ascciid to supply tlui integument of the back of 
^ the pinna, except at its upyjiT part, communicating with the<iurieular branches 
* of the facial and pneumogastrie nerves. A filament jiiorees tlie pinna to reach 
its outer surface, where it is distributed to the lobule and lower part of the 
concha. 

The mastoid branch communicates with the small occipital and with the 
posterior auricular branch of the facial, and is distributed to the integument 
behind the car. 

The superficial or transverse cervical (n. eutaneus colli) arises from 
the socojftdu.M.d.iJiird ct^rvieal nerves, turns*xound the posterior border of the 
Sterno-mastoid about its middle, and, passijig,pbJliquely iurwQ'i'ds ^beneath the 
external jugular vein to the anterior border of the muscle, perforates the deep 
cervical fascia, and divides beneath the Platysma into two branches, which 
are distributed to the antero-latoral parts of the neck. 

, The ascending branch gives a filament which accompanies the external jugular 
vein ; it then passes upwards to the submaxillary region, and divides into 
branches, some of which form a plexus with the cervical branches of the facial 
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nerve beneath the Platysma; others pierce that muscle, and are distributed to 
the integument of the upper half of the neck, at its fore part, as high as the chin. 

The descending branch (occasionally represented by two or more filaments) 
pierces the Platysma, and is distributed to the integument of the side and front 
of the neck, as low as the sternum. 

The descending: or supraclavicular nerves (nn. supraclaviculares) arise 
from the thicd«ajldJEoiU^ cervical nerves : emerging beneath tlie posterior 
border of the Stemo-mastoid, they descend in the posterior triangle of the 
neck beneatii the Platysma and deep cervical fascia. Near t he clavicle they 


Pig. 794. — Plan of cervical plexus. 



pe rforate the fascia and Platysma to become cutaneous, and are aiTanged, 
according to their position, into three gjoups. 

The inner or sternal branches (nn. supraclaviculares anteriores) cross 
obliquely *bver the external jugular vein and the clavicular and sternal attach- 
ments of the Sierno-mastoid, and supply the integument as far as the median 
line. They furnish one or two filaments to the sterno-clavicular joint. 

The middle or clavicular branches (nn. supraclaviculares medii) cross the 
clavicle, and supply the integument over the Pectoral and Deltoid muscles, 
communicating with the cutaneous branches of the upper intercostal nerves. 

The external or acrmnial branches (nn. supraclaviculares posteriorcs) pass 
obhquely across the outer surface of the Trapezius and the acromion, and supply 
the integument of the upper and back part of the shoulder. 
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Deep Bba.nches of the Cervical Plexus. Internal Series 

The communicating' 'branches consist of several filaments, which pass 
from tlio loop between the first and second cervical nerves to the pneumogastric, 
hypoglossal, and sympathetic. The branch to the hypoglossal ultimately 
loaves that nerve as a series of branches, viz. the descendens hypoglossi, 
the nerve to tlie Thyro-liyoid and the nerve to the Genio-hyoid (see page 940). 
A communicating branch also passes from the fourth to the fifth cervical, 
while each of the first four cervical nerves receives a grey ramus com rnunicans 
from tJie superior cervical ganglion of the sympathetic. 


Fig. 795. — The nerves of the seal]), face, and side of the neck. 



Muscular branches supply the Anterior recti and Rectus lateralis 
muscles ; th(\y proc;oed from the first cervical nerve, and from the loop formed 
between it and the second. 

The communicantes hypoglossi (fig. 794) consist usually of two 
filaments, one dc^rivt'd from the second, and the other from the third cervical. 
These filaments usually join to form the desetndens w'hich passes down- 

wards on the outer side of the internal jugular vein, crosses in front of the vein 
a little below the middle of the neck, and forms a loop (ansa hypoglossi) with 
the descendens hypoglossi in front of the sheath of the carotid vessels (see 
page 941). Occasionally, the loop is formed wdthin the sheath. 
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. (n. phrenicus), or internal respiratory nerve of Bell^ ariae& 

chiefly from me fourth cervical nerve, but receives a filament from the 
third and a branch from the fifth ; the fibres from the fifth nerve occasionally 
come through the nerve to the Subclavius. It descends to the root of the 
neck, ^nnning obi ignely across t he froT^t the Scaleftua au% usT and beneatli 
the Sterno-mastoid, the posterior belly of the Omo-hyoid, and the trails versfil is 
colli and suprascapular vessels. It next pa sses ove r the first part of the sub- 
clavian artery, between it and the subclavian vein, and, as j^janters the .chest, 
c rp sja cs tli e inter na^ rnaiy urtery near its origin. Within tlie chest, it 
deseends nearly vertically in front of the root of the lung, and then between 
the ])oricardiuni and the m(^diastinal portion of the jileura, to the JJiaphragm, 
wiiei'c it divides into brandies, wliich separately pierce that muscle, and 
are distributed to its under surface. In the thorax it is accompanied 
by a iiranch of the internal mammary artery, the arteria comes nervi 
phrenici. 

'J"he tu^o phrenic nerves differ in their length, and also in their relations at 
the upper part of the thorax. 

The right nerve is situated more deeply, and is sliorter and more vertical in 
dirc-(^tion than the left ; it lies on the outer side of the right innominate vein 
and superior vtuia cava. 

The left nerve is rather longer than the right, from the inclination of the 
heart to the left side, and from the Uiaphragm being low'er on this than on the 
opposite side. At the j*oot of the neck it is crossed by the thoracic duct ; in 
the suptuior mediastinum it is }ilaced between the left (jommon carotid and 
left subclavian arteries, and crosses in front of the vagus on the left side of 
tht‘ arch of the aorta. , 

Plach nerve supplies filaments to the pericardium and phuira, and at the • 
root of the necjk is joiru^d by a filament from the sympathetu?, and, oc^casionally, 
by one from the ansa hy^joglossi. Brandies have been described as passing 
to the peritoneum. 

P^rom the right nerve, one or two filaments pass to join in a small ganglion 
with phrenic branches of the solar ]fiexus ; and bram^hes from this ganglion are 
distributed to the hepatic plexus, the suprarenal capsule, and inferior vena 
cava. From the left nerve, filaments pass to join the phrenic plexus of the 
sympathetic, but witliout any ganglionic enlargement. 

Deep Branches of the Cervical Plexus. External Series 

Communicating branches. ™ The deej) branches of the external series of 
the cervical plexus communicate with the spinal accessory nerve, in the 
substance of the Sterno-mastoid muscle, in the posterior triangle, and beneath 
the Trapezius. 

Muscular branches are distributed to the Sterno-mastoid, Trapezius, 
Levator aiiguli scapula?, and Scalenus medius. 

The branch for the Sterno-mastoid is derived from the seeniid cervical ; the 
Trapezius and Levator anguli scapula? receive braru?hcs from the third and 
fourth. The Scalenus medius is supplied soinetimes by the third, sometimes 
by the fourth, and occasiojially by both nerves. 

Applied Anatomy . — Pains referred to the terminal brandies of the cervical plexus 
are not uncommon in caries of the cervical spine, whore pain may be felt radiating over the 
occiput, if the disease is situated high up in the spine. 


The Brachial Plexus (Plexus Brachialis) 

The brachial plexus (fig. 796) is formed by the union of the anterior primary 
divisions of the lower four cervical nerves and the greater part of the anterior 
primary division of the first thoracic nerve ; a fasciculus from the fourth cervical 
nerve usually contributes and frequently one from the second thoracic nerve. 
It extends from the lower part of the side of the neck to the axilla. The nerves 
which form the plexus are nearly equal in size, but their mode of communi(;ation 
is subject to some variation, so that no one plan can be given as apjdying 
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to every case. The foUowing is, however, the most constant arrangement. 
The fifth and sixth cervical unite soon after their exit from the intervertebral 
foramina to form a. common trunk. The eighth cervical and first thoracic also 
unite to form one trunk, while the seventh cervical runs out alone. Three trunks 
are thus formed, an upper om% formed by the junction of the fifth and sixth 
cervical nerves ; a middle one, consisting of the seventh cervical nerve ; and a 
lower one, formed by tlie junction of the eighth cervical and first thoracic nerves. 
As they pass beneath the clavicle, each of these three trunks divides into two 
divisions, an anterior and a posterior.* The anterior divisions of the upper 


Flu. 796. — Plan of brachial plexus. 
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and middle trunks then unite to form a cord, which is situated on the outer 
side of tlic middle part of the axillary artery, and is called the outer cord of the 
brachial plexus. The anterior division of the lower trunk jiasses down on the 
inner side of the axillary artery in the middle of the axilla, and forms the 
inner cord of the brachial plexus. The postcj-ior divisions of all three trunks 
unite to form the posterior cord of the brachial plexus, which is situated behind 
the second portion of the axillary artery. 

Relations. — In the neck, the brachial plexus lies in the posterior triangle, 
being covered by the skin, Platysma, and deep fascia : it is crossed by the 
descending superficial cervical nerves, the posterior belly of the Omo-hyoid, the 
external jugular vein, and the Transversalis colli artery. When the posterior 
scapular artery arises from the third part of the subclavian, it usually passes 
between the roots of the plexus. The plexus emerges from between the Anterior 
and Middle scalenus muscles ; its upper part lies above the third part of the 
’subclavian artery, while the trunk formed by the union of tJie eighth cervical 
and first thoracic is placed behind the artery ; it next passes behind the clavicle, 

• The posterior division of the lower trunk is very much smaller tlian the others, and is 
frequently derived entirely fnmi the eighth ccnacal nerve. 
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the Subclavius muscle and suprascapular vessels, and lies upon the first serration 
of the Serratus magnus, and the Subscapularis. In the axilla it is placed on 
the outer side of the first portion of the axillary artery ; it suiToundjs the second 
part of the artery, one cord lying upon the outer side of that vessel, one on the 
inner side, and one behind it ; and at the lower part of the axillary space gives off 
its terminal branches to the upper extremity. 

Branches of communication.- - The brachial plexus eommuiiicates with 
the cervical plexus by a branch from the fourth to the filth nerve, and with 
the phrenic nerve by a branch from the fifth cervical, which joins that nerve 
on the Scalenus anticus. Close to their exit from the intervertebral foramina 
the fifth and sixth cervicjal nerves an^ joined by filaments from the middle 
cervical ganglion of the sympathetic, the seventh and eighth cervical by twigs 
from the inferior ganglion, and the first thoracjie nerve by a branch from the 
first thoracic ganglion. 

Branches of distribution. — The branches of the bra(;hial plexus may be 
arranged into two groups, viz. those given off above and those below the clavicle. 


SUPUACLAVICITLAR BRANCHES 


Communicating 

” (witli sympathetic .... 

Bbomboids (i)osterior scapular) 

Miiscuiar to . Subclavius . • 

! S orratufr -magnus (posterior thoravic.) 

I Longns colli 

\Scaleni 


5 C. 

5, 0, 7, 8 C, 1 T. 
5 C. 

5, () (\ 

5, (} C. 

5, 6, 7 C. 

5, fi, 7, S C. 

5, 0, 7, S (J. 


The communicating branch with the phrenic is derived from the fifth 
cervical nerve or from the loop between the fifth and sixth ; it joins the phrenic 
on tlie Scalenus anticus. The communications with the sympathetic have 
already been referred to. 

The unnamed muscular branches supply the Longus colli, Scalcni, and 
Subclavius. Those for the Loiigus colli and Scfileni arise from (he four lower 
cervical nei'ves at their exit fro!u the intervertebral foramina. 

The nerve to the Subclavius is a small filament, wiiich arises from the 
fifth cervical at its point of junction w ith the sixth nerve ; it descends in front 
of th(^ tliird part of iJu? subclavian artery and tlm Iowxt trunk of the plexus, 
to tlie muscle, and is usually connected by a filament w'ith the phrenic nerve. 

TJk! posterior scapular (n. dorsalis scapula^), or nerve to the Rhomboids, 
arises from thtj fifth cervic^al, piisnies the Scalenus medius, and jiasses beneath 
the Levator anguli scapuhe, which it occasionally suf)plios, to the Rliomboid 
muscles. 

The posterior thoracic (n. thoracalis longus), or exlcrnal respiratory of 
Bell (fig. 801) suj)plies tlic Serratus magnus, and is remarkable for the length 
of its course. It usually arises by three roots from the fifth, sixth, and seventh 
cervical nerves ; but the root from the sevemth nerve may be absent. The roots 
from the fifth and sixtli nerves pierce tbe Scalenus medins, while that from 
the seventh nerve emorgcjs fiom in front of the muscle. The nerve passes 
down behind the brachial })lexus and the axillary vessels, resting on the outer 
surface of the Seiratus magnus. It extends along the side of the chest to the 
lower border of that muscle, supplying filaments to each of its djgitations. 

The suprascapular (n. suprascapularis) (fig. 802) arises from the trunk 
formed by the fifth and sixtli cervical nerves ; running obliquely outivards 
beneath the Trapezius and the Omo-liyoid, it enters the supraspinous fossa 
through the suprascapular notch, below tlie transverse or suprascapular 
ligament ; it then passes beneath the Supraspinatus muscle, and curves round 
the external border of the spine of the scapula to the infraspinous fossa. In the 
supraspinous fossa it gives off two branches to the Supraspinatus muscle, 
and an articular filament to the shoulder- joint ; and in the infraspinous fossa 
it gives off two branches to the Infraspinatus muscle, besides some filaments 
to the shoulder-joint and scapula. 
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lNFRAOLAVICtJI.AR BRANCHES 


The infract! avicular branches are derived from the three cords of the brachial 
plexus. The fasciculi of wliich they are composed may be traced througli 
the plexus to the spinial nerves from which they originate. They are as 
follows : 


Outer cord . 


Inner cord 


Posterior cord 


/ Musculo-cutaiieous 
\ External anterior thoracic 
I Outer head of median . 
InU^rnal anterior tlioraeic 
Internal cutaneous 
- Leaser internal cutaneous 
Ulnar .... 
Inner head of median . 
Upper subscapular 
Middle „ . . 

■{ Lower ,, 

I Circumflex 
^Musculo-spiral 


5, 6 C. 

6, 6, 7 C. 

6, 7 C. 

8 C, 1 T. 

8 C, 1 T. 

(8 C) 1 T. 

8 C, 1 T. 

8 C, 1 T. 

5, 6 C. 

5, 6, 7 C. 

5, 6 C. 

5, 6 C. 

(5) 6. 7, 8 C (1 T). 


Thest^ branches may bo arranged -according to tJie regions they supply ; 


To the cheat 
To the shoulder 


To tlic arm, forearm, and hand 


Internal and external anterior thoracic. 
< Subscapulars. 

( Circumflex. 

Musculo-cutaneous. 

Internal (jutaneoiis. 

Leaser internal cutaneous. 

Median. 

Ulnar. 

Musculo-spiral. 


The anterior thoracic nerves (nn. thoraeales anteriores) (fig. 801), two 
in number, supply the Pectoral muscles. 

The external anterior thoracAc, the larger of the two, arises from the 
outer cord of the brachial plexus, through wliieli its fibres may be traced 
to the fifth, sixth, and seventh cervical nerves. It jiasses inwards, aci-oss 
the axillary artery and vein, pienies the costo-coracoid nuunbrane, and is 
distributed to the under surface of the IV^ctoralis major. It sends down a 
communicating filament which joins the internal nerve, and forms with it £i 
looj) in front of the first part of the axillary arteiy. 

The internal anterior thoracic arises from the innei- cord, and through it 
from the eighth cervical and first thoracic. It passes behind the first j)art of the 
axillary artery, curves for\^'ards between the axillary artery and vein, and joins 
with the filament from the external nerve. It then j)asses to the under surface 
of the Pectoralis minor muscle, where it divides into a number of branches, 
which supply the muscle. Some two or three branches pass through the 
muscle to supply the Pectoralis major. 

The subscapular nerves (nn. subscapulares), three in number, supply 
the Subscapularis, Teres major, and Latissimus dorsi muscles. The fasciculi 
of which they are composed may be traced to the fifth, sixth, and seventh 
cervical nerves. 

Tlui upper or ,short suhscapular, the smallest, enters the upper part of the 
Subscapularis muscle ; this nerve is frequently rcj)resented by two brandies. 

The lower suhscapular enters the axillary border of the Subscapularis, and 
terminates in tlie Teres major. The latter muscle is sometimes supplied by 
a separate branch. 

The middle or long suhscapular, tlie largest of the three, follows the course of 
the subscapular arteiy, along the posterior wall of the axilla to the Latissimus 
dorsi, in which it may be traced as far as the loiver border of the muscle. 

The circumflex (n. axillaris) (fig. 802) supplies some of the muscles and 
part of the integument of the shoulder, and gives a branch to the shoulder- 
joint, It arises from the posterior cord of the brachial plexus, in common 
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Fig. 797. — Cutaneous nerves of right 
upper extremity. Anterior view. 


with the musculo*spiral nerve, and its fibres may be traced through the posterior 
cord to the fifth and sixth cervical nerves. It is at first placed behind the 
axillary artery, between it and the Subscapularis muscle, and passes downwards 
and outwards to the lower border of that muscle. It then winds backwards, 
in company with the posterior circumflex artery, through a quadrilateral 
space bounded above by the Subscapularis, below by tlie Teres major, internally 
by the long head of the Triceps, and 
externally by the surgical neck of the 
humerus, and divides into two branches. 

The upper hrarich winds round the 
surgical neck of the humerus, beneath 
the Deltoid, with the posterior circum- 
flex vessels, as far as the anterior 
border of that muscle, supplying it, 
and giving off cutaneous brandies, 
which pierce the muscle and ramify in 
the integument covering its lower part. 

The lower branch, at its origin, dis- 
tributes filaments to the Teres minor 
and the back part of the Deltoid. U pon 
the filament to the former muscle an 
oval enlargement usually exists. The 
nerve then picnics the deep fascia, and 
sufiplies the integument over the lower 
two-thirds of the posterior part of the 
Deltoid, as well as that covering the 
long head of the Triceps. 

The circumflex nerve, before its 
division, gives off an articular filament 
which enters the shoulder-joint below 
the Subscapularis. 

The musculo-cutaneous (n. mus- 
culocutaucus) (fig. 801 ) arises from the 
outer cord of the brachial plexus, 
opposit-<‘ the lower border of the Pec- 
toralis minor, its fibres b(‘ing derived 
from the fifth and sixth cervical nerves. 

It perforates tlie. Ooraco-brachialis 
muscle and passes obliquely bet\\een 
the Biceps and Brachialis anticus, to 
tlie outer side of the arm ; a little 
above the elbow it becomes cutaneous 
by perforating the deep fascia on the 
outer side of the tendon of the Biceps. 

In its course through the arm it supplies 
the Coraco-brachialis, Biceps, and the 
greater part of tlie Brachialis anticus. 

The branch to thcPCoraco-bradiialis is 
given off from the nerve close to its 
origin, and in some instances, espc^dally 
in early life, as a separate filament 
from the outer cord of the plexus ; it 
is derived from the seventh n(*rve, and 
is by some anatomists regarded as a 
separate nerve, more or less closely 

incorporated with the musculo-cutaneous. The branches to the Biceps and 
Brachialis anticus are given off after the musculo-cutaneous has pierced the 
Coraco-brachialis. The nerve also sends a small branch to the bone, which 
enters the nutrient foramen with the accompanying artery, while the branch 
supplying the Brachialis anticus gives a filament to the elbow joint. 

The cutaneous portion of the nerve (n. cutaneus antibrachii lateralis) passes 
behind the median cephalic vein, and divides, opposite the elbow joint, into an 
anterior and a postorioi branch. 
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The anterior branch descends along the radial border of the forearm to the 
wrist, and supplies the integument over the outer half of its anterior surface. 
At the wrist-joint it is placed in front of the radial artery, and some filaments, 
piercing the deep fascia, accompany that vessel to the back of the wrist, and 
supply the carpus. The nerve then passes downwards to the baJl of the thumb, 
where it terminates in cutaneous filaments. It (communicates with a branch 
from the radial nerve, and with the palmar cutaneous brancdi of the median. 


Fia. 798. — Segmental distribution of the cutaneous nerves 
of the right uy)i)er extremity. Anterior view. 



The 'posterior branch 
passes downwards, along 
tlio back part of the radial 
side of the forearm, to the 
wrist. It sup])lies the 
integument of the lower 
two-thirds of the forearm, 
communicating with tlie 
radial nerve and the ex- 
ternal cutaneous branch 
of the musculo-spiral. 

The musculo-cutane- 
ous nerve presents fre- 
(luent irregularities. It 
may adhere for some 
distance to tlie inedian 
and then ])ass outwards, 
beneath the Biceps, in- 
stead of thj’ough the 
Coraco-brachialis. Fre- 
quently some of the fibres 
of tlie median run for 
some distance in the 
n I usculo-cu taneous and 
then loavic it to join their 
pT'opor trunk. Less fre- 
quently the reverse is 
the case, and the median 
sends a braiujh to join 
the musculo - cutaneous. 
Instead of piercing the 
Coraco - brachialis the 
nerve may pass under it 
or through the Bi(!eps. 
Occasionally it gives a 
filament to the Pronator 
teres, and it has been seen 
to supply tho back of the 
thumb when the radial 
nerve was absent. 

Tho internal cuta- 
neous (n. cutaneus anti- 
brachii medialis) (fig. 801) 
arises from the inner corci 
in common with the ulnar 
and internal head of the 
median, and, at its com- 
mencement, lies on the 


inner side of the axillary artery. It derives its fibres from the eighth cervical 
and first thoracitj nerves. It gives off, near the axilla, a filament, which 
pierces the fascia and supplies the integument covering the Biceps muscle, 
nearly as far as tho elbow. This filament lies a little external to the common 


trunk, from which it arises. The nerve then passes down the inner side of 
the arm on the inner side of the brachial artery, pierces the deep fascia with 
the basilic vein, about the middle of the upper arm, and, becoming cutaneous, 
divides into two branches, an anterior and a posterior. 
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The anterior hramh, the larger of the two, passes usually in front of, but 
occasionally behind, the median basilic vein. It then descends on the anterior 
surface of the ulnar side of the forearm, distributing fiJaments to the integument 
as far as the wrist, and communicating with the palmar cutaneous brancli 
of the ulnar nerve. 

The posterior branch passes obliquely downwards on the inner side of the 
basilic vein, in front of the internal 

epicondyle of the humenis, to the b^k 799.-Cutaneous nerves of right 

of the forearm, and descends on the upper extremity. Posterior view, 
posterior surface of its ulnar side as far 
as the wrist, distributing filaments to 
tJie integument. It communicates with 
the lesser internal cutaneous, the lower 
external cutaneous branch of the 
musculo-spiral, and the dorsal branch 
of the ulnar nerve. 

The lesser internal cutaneous 

(n. cutaneus brac.liii medialis), or nerve 
of Wrisberg, is distributed to the 
integument on the inner side of the arm 
(fig. 801). It is the smallest of the 
branches of the bracihial plexus, and 
arising from the inner covd receives its 
fibres fi’om the first thoracic nerve, and 
sonu'tinjcs from the eighth cervical. It 
passes through the axillary spacer, at first 
lying behind, and then on the innc'r side 
of the axillary vein, and cornmunuiates 
with the intercosto-humcial nerve 
(lateral cutaneous branch of th(^ second 
thoracic). It dcscicnds along the inner 
side of tlui brachial artery to the middle of 
the arm, where it pierces tlu^ deep fascia, 
and is distributed to the int(‘gum(mt of 
the back part of the lower thiid of flic 
arm, extcjiding as far as the elbow, where 
some filaments are lost in tlic' integument 
in front of tiui inner cjiicondyle, and 
others over the olecranon. It cornmuni' 
cates with the posterior branch of the 
internal cutaneous nerve. 

In some cases the nerve of Wrisberg 
and intere.osto-liumeral are connected 
by two or three filaments, AvlikrJi form a 
plexus at the back part of the axilla. 

In other ciises, the intercosto-humeral 
is of large size, and takes the place of 
the nerve of Wrisbgrg, receiving merely 
a filament of communication from the 
brachial plexus, wdiich represents the 
latter nerve ; in a few cases, this 
filament is wanting. 

The median (n. medianus) (fig. 801) 
extends along the middle of the arm 
and forearm to the hand. It arises 
by two roots, one from tlie outer and 
one from the inner cord of the brachial 
plexus ; these embrace the lower part 
of the axillary artery, uniting either in front or on the outer side of that 
vessel. Its fibres are derived from the sixth, seventh, and eighth cervical 
and first thoracic nerves. As it descends througli the arm, it lit^s at first on 
the outer side of the brachial artery, crosses that vessel in the middle of its 
course, usually in front of, but occasionally behind it, and lies on its inner side 
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at the bend of the elbow, where it is situated beneath the bicipital fascia, and is 
separated from the elbow-joint by the Brachialis anticus. In the forearm it 
passes between the two heads of the Pronator teres and crosses the ulnar artery, 
but is separated from this vessel by the deep head of the Pronator teres. 
It descends beneath the Flexor sublimis digitorum, lying on the Flexor 
profundus digitorum, to within two inches above the anterior annular ligament 
of the wrist ; here it becomes more superficial, and is situated between the 
tendons of tlie Flexor sublimis digitorum and Flexor carpi radialis. In this 

situation it lies beneath, 

„ rather to the radial 

Fig. 800.~Segmental distribution of liiecutaneousnervM of, the tendon of the 
of the nght upper extremity. Postonor view. PaJmaris longus. and is 

^ . covered by the integument 

and fascia. It then passes 
Nw beneath the anterior 

annular ligament into the 

V ^ 

^ course through tlie forearm 

it is accompanied by a 
branch of the anterior 

^ interosseous artery. 

Branches. — With tiie 
exception of the nerve to 
Prouator teres, which 
sometimes arises above tlie 
elbow-joint, the median 
nerve gives off no brandies 
passes 

^ in front of the elbow, it 

supplies one or two articular 
twigs to tlie joint. In the 
forearm its brandies are, 
muscular, anterior inter- 

The muscular branches 
are derived from the nerve 
near the elbow and supply 
all the superficial muscles 
on the front of the forearm, 

except the Flexor carpi 

T1 1 e r/ nterior inter osseou s 
^1 (n. interosseus antibracJiii 

KS volaris) supplies tlie deep 

j^B ^ ^ muscles on the front of tlie 

/I forearm, except tlie inner 

y^nP fl f\ ^ Flexor profundus 

^ Bf l-l digitorum. It accompanies 

E y IH' the anterior intei’osscous 

HsH I artery along the intcr- 

^ osseous membrane, in the 

interval between the Flexor 
„ longus pollicis and Flexor 

M,.itu,n f’.r, «.7,H profundus digitorum, 

supplying the whole of 
the former and the outer lialf of the latter, iuid terminates below in the 
Pronator quadrat us and wrist-joint. 

The palmar cutancMUS branch (ramus cutaneus palmaris) arises from the 
median nerve at the lower part of the forearm. It pierces the fascia above 
the annular ligament, and, descending over that ligament, divides into two 
branches ; the outer supplies the skin over the ball of the thumb, and 
communicates with the anterior cutaneous branch of the musculo-outaneous 
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In the 'palm of the hand, the median nerve is covered by the integument and 
palmar fascia, and crossed by the superficial palmar arcJi. It rests upon the 
tendons of the Flexor muscles. In this situation it becomes enlarged, somewhat 
flattened, of a rcddisli colour, and divides into two branches. Of these, the 
external supplies a muscular branch to some of the muscles of the thumb, and 
digital branches to the thumb and radial side of the index finger ; the internal 
supplies digital branches to the contiguous sides of the index and middle, and of 
the middle and ring fingers. 

The branch to the muscles of the thumb is a short nerve, which divides to supply 
the Abductor, the Opponens, and the superficial head of the Flexor brevis 
pollicis ; the remaining muscles of this group are supplied by the ulnar nerve. 

The digital Immches are fivQ in number. The first and second pass along the 
borders of the thumb, tlie external branch communicating with branches of the 
radial nerve. The third pass<\s along the radial side of the index finger, and 
gives a filament to the First lumbri(5al. The fourth subdivides to supjdy the 
adjacent sides of the index and middle fingers, and sends a branch to the Seciond 
lumbrical. Tlie .////// supplies the adjacent sides of the middle and ring fingers, 
and communicates w^itli a branch from the ulnar nerve. 

Eacdi digital nerve, opposite the bas(i of the first phalanx, gives off a dorsal 
brfiiieh, which joins the dorsal digital nerve from the radial, and runs along the 
sid(^ of the dorsum of the finger, to end in the inlf^gument over the last phalanx. 
At the end of the finger, the digital nerve dividers into a j>almar and a dorsal 
branch, the former of which supplies the extremity of the finger, and the latter 
ramifies round and beneath the nail. Tlie digital luu ves, as they run along Ihc 
fingers, are placed sufierficnal to the digital arteries. 

The ulnar (n. ulnaris) (fig. 801) is placed along the inner or ulnar side 
of the upper limb, and is distributed to the muscles and integument of the 
forearm and hand. It arises from the inner cord of the brachial plexus, in 
common with the inner head of the median and the internal cutaneous nerve, 
and derives its fibres from the <ughth cervical and first thoracic nei’ves. It is 
smaller than the median, and lies at first behind it, bui diverges from it in its 
course down the arm. At its origin it lies to the inner side of the axillary 
artery, and bears the same relation to tlie brachial artery as far as the middle 
of the arm. Hero it pierces tlu^ internal intcTmuscular septum, runs obliquely 
across the internal head of the Triceps, and descends to the groove between the 
internal cpieondyle and the olecranon, accompanied by the inferior profunda 
artery. At the elbow, it rests upon the back of the inner epicondyle, and passes 
into the forearm betw'eeii the two heads of the Flexor carpi ulnaris. In the 
forearm, it descends in a perfectly straight course along the ulnar side, lying 
upon the Flexor profundus digitorum, its upper half being covered by the 
Flexor carpi ulnaris, its lower half lying on the outer side of the muscle, covered^ 
by the integument and fascia. In the upper tliird of its course, it is separated 
from the ulnai’ artery by a eonsiderabk^ interval, but in the rest of its 
extent lies close to the inner side of the artery. At the wrist the ulnar nerve 
crosses the annular ligament on the outer side of the pisiform bone, to the 
inner side of and a little behind the ulnar arteiy, and immediately beyond 
this bone divides into two branches, the superficial and deep palmar. 

The branches of tlie ulnar nerve are : * 

Articular (elbow). 

I Muscular. 

Ill the forearm i Palmar cutaneous. 

Dorsal cutaneous. 

^Articular (wrist). 

The articular branches to the elbow-joint consist of several small filaments. 
They arise from the nerve as it lies in the groove between the inner epicondyle 
and olecranon. 

The muscular bramhe^, two in number, arise from the trunk of the nerve 
near the elbow : one supplies the Flexor carpi ulnaris ; the other, the inner half 
of the Flexor profundus digitorum. 

„ The palmar cutaneous (ramus cutaneus palmaris) arises from the ulnar 
nerve about the middle of the forearm, and runs downwards f on the ulnar 
artery, giving oflf some filaments to the vessel. Just above the annular 
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ligament, it perforates the deep fascia and ends in the integument of the palm, 
communicating with the palmar branch of the median nerve. 

The dorsal cutaneous branch (ramus dorsalis manus) arises about two inches 
above the wrist ; it passes backwards beneAtJi tJie Flexor carpi ulnaris, 
perforates the deep fascia, and, running along the ulnar side of the back of the 
wrist and hand, divides into branches : one of tJiese supplit's the inner side 
of tiio little finger ; a second supplies the adjacent sides of the little and ring 
fingers ; a third joins the branch of the radial nerve wliich suppli<^s the adjoining 
sides of th(^ middle and ring fingers, and assists in 8upj)lying them ; a fourth 
is distributed to the metacarpal region of the hand, communicating with a 
branch of tlic radial nerve. 

On the little finger the dorsal digital branches^ extend only as far as the base 
of the terminal pluilanx, and on tlu; ring finger as far as the base of the second 
phalanx ; the more distal parts of th(‘se digits are sup]>lied by dorsal brandies 
derived from the palmar digital branches of the ulnar. 

The super Jicial palmar branch (ramus superficial is) supplies the Palmaris 
brevis, and the integument on the iimer side of the hand, and terminates in 
two digital branches, which are disti'ibuted. one to the ulnar side of the little 
finger, the other to the adjoining sides of the little and ring fingers, the latter 
communicating witli a bram'li from tJic median. The digital branches are 
distriliuted to the fingers in the same manaer as the digital branches of the 
median. 

The deep palmar hrayich (ramus jn-ofundus), accompanied by the deep 
branch of tiie ulnar art(*ry, passes between the Abductor and Flexor brevis 
minimi digiti ; it tlnni perforates the O])poiiens Tniuimi digit! and follows the 
course of the deep palmar arch ben(‘ath tlic flexor tt'udons. At its orig^in it 
supplies the inusele-s of the little finger. As it crosstis the de.cp part ot the 
hand, it supplies all the. Interossci and the two inner rmmbri(‘ah‘S ; it ends by 
sup])lying tlie Adductores traiisversus et obliquus jiollicis and the inner head 
of the h^lexor brevis pollicis. It also sends articular filaments to the wrist-joint. 

It will be roTnembcj’ed that the inner part of the Flexor profundus digitorurn 
is supplied by the ulnar nerve ; the two inner Lumbri(;ales, \\hieh are connected 
with the tendons of this part of tlu^ muscle, ai’e tlierefore supplied by the same 
iierv(*. In like manner tlie out(‘r j)art of tJie Fh'Xor pj*ofundus and the two outer 
LumT)ricah‘S an* supjdicd by the median nerve. Brooks stated that in twelve 
instances out of twenty-one lie found that tlio Third liimbrical received a twig 
from the median n<u*vc, in addition to its braiicli from tlie ulnar. 

Th(‘ musculo-spiral (n. radialis) (fig. 802), the largest branch of the 
brachial })lexus, supi)lies the muscles of the back part of th(' arm and forearm, 
and tile intt'gument of the same parts, as 'V('ll as that of the back of the hand. 
It arises from the [posterior cord of the brucliial plexus, of Avliich it may be 
regal'd ed as the continuation. Its fibre^s are derived from the sixth, seventh, 
and eighth cervical nerves, and sometimes also from tlie fifth cervical and first 
thoracic nerves. At its commencement it is placed first behind the axillary 
and tlien beliind tlie upper part of the brachial arteiy, passing down in front 
of the tendons of the Latissimus dorsi and Teres major. It winds round from 
the inner to the outer side of the humerus in ;tho musculo-spiral groove with 
the superior profui^a artoiy, between the internal and external heads of the 
Triceps mus(dc. It pierces the external in ter muscular septum, and descends 
between the Brachialis anticus and Brachio- radialis to the front of the external 
epicondyle, w here it divides into the radial and posterior interosseous nerves. 

The branches of the musculo-spiral nerve are : 

Muscular. Radial. 

Cutaneous. Posterior interosseous. 

The muscular branches are derived from the nerve, at the inner side, back 
part, and outer side of the arm respectively ; they supply the Triceps, Anconeus, 
Brachio-radialis, Extensor carpi radialis longior, and Brachialis anticus. 

The internal muscular branches supply the inner and middle heads of the 
Triceps muscle. That to the inner hea^ of the Triceps is a long, slender 
filament, wdiich lies close to the ulnar nerve as far as the low'er third of the 
arm, and is therefore frequently spoken of as the ulnar collateral. 
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The posterior muscular branch, of large size, arises from the nerve in the 
groove between the Triceps and the humerus. It divides into branches, wliich 
supply the inner and outer heads of the Triceps and the Anconeus muscles. 
The branch for the latter muscle is a long, slender filament, which descends 

in tlie substance of the inner 


Fig. 802. — ^The Buprasoapular, circumflex, and 
musculo-spiial nerves. 



head of the Triceps to the 
Anconeus. 

The extemal muscular 
branches supply the Brachio- 
radialis, Extensor carpi radi- 
alis longior, and (usually) the 
outer part of the Brachialis 
anticus. 

The cvtaneous hranclies are 
tlireo in number, one internal 
and t wo external. 

The internal cutaneous 
branch arises in the axillary 
space, with the inner muscular 
branch. It is of small size, 
and passes througli the axilla 
to the inner side of the arm, 
sup])lying the integument on 
its posterior aspect nearly as 
far as the olecranon. In 
its course it crosses beneath 
th(‘ int(Meoslo-humeral, with 
which it communicates. 

TJk^ two (‘xternal cuta- 
neous branches j)erf orate tJie 
outer head of the Tj ieepsat its 
attachment to tlie humerus. 
The upper and smaller one 
]>asses to the front of the 
elbow, lying (dose to the 
cephalic vein, and supplu\s the 
integument of the lower half 
of the arm on its anterior 
aspect. The lower branch 
pierces the dee]) fascia below 
the insertion of tli(.> Deltoid, 
and passes down along the 
outer side of the arm and 
elbow, and tluiii along the back 
])art of tlie radial side of the 
forearm to the wrist, supply- 
ing the integument in its 
course, aivi joining, near its 
termination, wdtJi the pos- 
terior cutaneous branch of the 
musculo-cutaneous nerve. 

The radial (ramus super- 
ficial is n. radial is) passes along 
the front of the radial side of 
tlie forearm to the commence- 
ment of its low'er third. It 


lies at first a little to the outer 
fii(le of the radial artery, concealed beneath the Bra(diio-radialis. In the 
middle third of the forearm, it lies beneath the same muscle, in close relation 
witli the outer side of the artery. It quits the artery about three inches 
above the wrist, passes beneath the tendon of the Brachio-radialis, and, 
piercing the deep fascia at the onUu* border of the forearm, divides into two 
branches. 
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The external branch, the smaller of the two, supplies the integument of 
tlio radial side and ball of the thumb, joining with the anterior branch of the 
muaeulo-cutaneous nerve. 

The internal branc^h communicates, above the wrist, with the posterior 
cutaneous branch from the musculo-cutaneous, and, on the back of the hand, 
with the dorsal cutaneous branch of the ulnar nerve. It thou divides into four 
digital nerves, which are distributed as follows f the first supplies the ul^r side 
of the thumb ; the second, the radial side of the index finger ; the third, the 
adjoining sides of the index and middle fingers ; and the fourth, the adjacent 
borders of the middle and ring fingers.* The latter nerve communicates with a 
filament from the dorsal branch of the ulnar nerve. 

The posterior interosseous (n. interosseus antibrachii dorsalis) \i4nds 
to Ujo back of the forearm round the outer side of the radius, passes 
bctAA'ecn the two planes of fibres of the Supinator brevis, and is prolonged 
downwfirds betA\'(‘en the superficial and deep layer of muscles, to the middle of 
tiui forearm. Considerably diminished in size, it descends on the interosseous 
membrane, beneatli tlie Extensor longus pollieis, to tho back of the carpus, 
it |m‘sents a gfingliform enlargement fj*om which filaments are distri- 
buted to the ligaments and articulations of tho carj^us. It supplies all tlie 
muscles on the radial side and })osterior aspect of the forearm, excepting the 
Anconeus, Hrucliio-radialis, and Extensor ea.rpi radialis longior. 

Applied Anatomy . — The brachial plexus may bo injured by falls from a luuglit on to 
the side of the head and shoulder, whereby the nerves of the ])lexiis are violently stretched ; 
the tilth (jervical nerve suslains the greatest amount of injury, and the subsequent 
})ara.ly8is may be conlinod to tho muscles supplied by Ibis nerve, viz. the Deltoid, 
Hiceps, Drivliialis anticus, and Bracbio-radialis, with sometimes the Supra- ancklnfra- 
sjiinatus and the Supinator brevis. The f>oKition of the limb, under sueli conditions, 
is chaructcrislh! : the arm liangs l>y the side and is rotated inwards ; tlie forearm is 
extended and proiialcd. The arm cannot Iwi raisini from the side ; all power of flexion of 
the ell)ow is lost, as is also su])ination of the f(»rearin. This is known as Erb's paralysis, 
and a very similar condition is occasionally met wit li in new-born children, cither from 
injury to the lifth nerve, from the ])ressiire of forcej»s used in eirccting delivery, or from 
traction of the head in breech jivcscntations. A second variety of i)artial palsy of the 
brachial ])lexus is known as the Klunipko paralysis. In this it is the eighth cervical and 
first thoiaeic nerves that arc injured, either before or after they have joined to form the 
low'er trunk. Atrophy follows m the intrinsic miisc'lcs of tlie hand, and in tho flexors of the 
fingers and wrists ; tJic tlieriar and fiyiiothenar eminences waste and flatten ; the fingers 
cannot be spread out or approxima.ted, on account of the paralysis of the Interossci, and 
become claw ed. The injury to the nerves may follow^ direct violence, or a gunshot w’oiind. 

1’he brachial plexus may .also be injured by violent traction on the arm, or by efforts 
at reducing a dislocation of the shoidder- joint ; and the amount of jiaralysis W'ill depend 
u})oii the amount of injury to the consliluent nerves. When the entire plexus is involved, 
the whole of the upper extremity will be paralysed and aniesthetie. In those cases the 
injury apjiears to f)e rather a tearing away of the roots of the nerves from their origin in 
the s})ina1 cord, than a solution of continuity in the nerves themselves. The brachial 
plexus in the axilla is often damaged from the pressure of a crutch, jiroducing the condition 
known as ‘ crutch pu-ralysis.’ In these cases the musculo-spiral seems most frequently to 
be the nerve chiefly implicated ; the idnar nerve suffers next in frequoiujy. The median 
and musculo-spiral nerves often suffer from * sleep palsies,’ paralysis from pressure coming 
on w^liile the patient i« profoundly asleep under the influence of alcohol or some narcotic. 

Paralysis f)f the posterior thoraHc nerve throw's the Serratus magnus out of action, 
and may occur in porters in whom the nerve is exjiosed to injury in the shoulder as it crosses 
the posterior triangle of the neck. The lower angle of the sca£)ula is draw'n inw'ards towards 
tho middle line, by the unopposeci action of the Khomboids and Levator anguli scapula), 
and tends to project out backwards when tlie arm is held horizontally forwards. The arm 
cannot bo raised above tho horizontal unless the lower angle of the scapula is pushed 
outw'ards for the patient. 

Tho circumflex nerve, on account of its course round the surgical neck of the humerus, 
is liable to bo torn in fractures of this part of the bone, and in dislocations of the shoulder- 
joint ; paralysis of the Deltoid, anaesthesia of the skin covering that muscle, and the 
formation of adhesions in the shoulder-joint in consequence of injury to its trophic 
nerves, result. According to Erb, inflammation of the shoulder-joint is liable to be 
followed by a neuritis of tliis nerve from extension of the inflammation to it. Paralysis 

• According to Hutchinson, tlie digital nerve to the thumb reaches only as high as 
the root of the nail : the one to the forefinger as high as the middle of the second 
phalanx: and the one to the middle and ring fingers not higher than the first phalangeal 
joint. — London llos. Oaz. vol. iii. p. 319. 
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of the Deltoid renders abduction of the arm to the horizontal level impossible. The 
associated paralysis of the Teres minor lh not easily demonstrated. 

Hilton takes the circumflex nerve as an illustration of a law which he lays down, that 
‘ the same trunks of nerves whose branches supply the groups of muscles moving a joint, 
furnish also a distribution of nerves to the skin over the insertions of the same muscles, 
and the interior of the joint receives its nerves from the same source.’ In this way he 
explains the fact that an inflamed joint becomes rigid. 

The median nerve is liable to injury in wounds of the forearm. When it is paralysed, 
there is loss of flexion of the second plialangcs of all the fingers, and of the terminal 
phalanges of the index and middle fingers. Flexion of the terminal phalanges of the 
ring and little fingers is effected by that portion of the Flexor profundus digitorum which 
is supplied by the ulnar nerve. There is power to flex the proximal phalanges through 
the Interossei. The thumb cannot be flexed or opposed, and is maintained in a position 
of extension and adduction. There is loss in the power of pronating the forearm ; the 
Brachio-radialis has the power of bringing the forearm into a position of mid-pronation, 
but beyond this no further pronation can be effected. The wrist can bo flexed, if the 
hand is first adducted, by the action of the Flexor carpi ulnaris. There is loss or impair- 
ment of sensation on the palmar surfaces of the thumb, index, middle, and outer half ot 
ring fingers, and on the dorsal surfaces of the same fingers over the last two phalanges ; 
except in the thumb, where the loss of sensation would be limited to the back of the last 
phalanx. In old cases fhe unopposed action of the Interossei produces backward 
dislocation of the interfhalangeal joints. The thumb is extended and adducted to the 
index, cannot be flexed or abducted, and cannot be ai)p()sed to any one of the fingers ; in 
consequence an ‘ai)e-like’ hand is jiroduced. In order to expose the median nerve, for 
the purpose of uniting the divided ends, supposing the injury to be just above the wrist, 
an incision should be made along the radial side of the tendon of the Palmaris longus, 
which serves as a guide to the nerve. 

The ulnar nerve is also liable to be injured in wounds of the forearm. When paralysed, 
there impaired ])ower of ulnar flexion, and upon an attempt being made to flex the 
wrist, the hand is drawn to the radial side from paralysis of the Flexoi carpi ulnaris : 
there is inability to spread out the fingers from paralysis of the Interossei, ami for the 
same reason the fingers, especially the ring and little fingers, cannot be flexed at tlie mota- 
carpo-phalangeal joints or extended af the interphalangeal joints, and the hand assumes 
a claw shape from the action of the opposing muscles ; there is loss of power of flexion 
in the little and ring fingers ; and there is inability to adduct the thumb. The muscles 
of the hypothenar ominenee become wasted. Sensation is lost, or impaired, in the skin 
supplied by the novve. In order to expose the nerve in the lower part of the forearm, 
an incision should be made along the outer border of the tendon of fhe Flexor carpi ulnaris, 
and the nerve will be found lying on the ulnar side of the ulnar artery. 

The mvsniln-spiral verve is probably more frecpiently injured than any other nerve 
of the upper extremity. In consequence of its close relationship to the humerus, as it 
lies in the Tmiseul()-s])iral groove, it is often torn or injured in fractures of this bone, or 
subsequently involved in the callus that may be thrown out around a fracture, and thus 
pressed upon and its functions interfered with. It is also liable to he contused against 
the bone by kicks or blows, or to be divided by wounds of the arm. When paralysed, 
the hand is flexed at the wrist and lies flaccid. This is known as wrist drop. The 
fingers are also flexed, and on an attempt being made to extend them, the last tw o phalanges 
only will be extended, llirougli the action of the Interossei ; the first phalanges remaining 
flexed. There is no power of extending the wrist. Supination is comjfletcly lost when 
the forearm is extended on the arm, but is possible to a certain extent if the forearm l>e 
flexed so as to allows of the action of the Biceps. The j)ower of extension of the forearm 
is lost on account of paralysis of t^ie Triceps, if the injury to the nerve has taken jflace 
near its qrigin. In cases duo to pressure, sensation is hardly affected ; severe injury to 
the nerve occasions amesthe.sia over the area suj)i)lied by the radial nerve, and, if the 
lesion bo high up, on the outer side of the upper arm and tJie back of the forearm (external 
and internal cutaneous branches) as w'ell. 

The nerve is best exposed by making an incision along the inner border of the 
Brachio-radialis, just above the level of the elbow-joint. The skin and superficial 
structures arc to be divided and the deep fascia exposed. The white line in 
this structure indicating the border of the muscle is to be defined, and the deep fascia 
divided in this line. By now raising the Brachio-radialis, the nerve will bo found lying 
between it and the Braehialis anticus. The muscles supplied by the posterior interosseous 
branch of the miisculo-spiral nerve are also particularly liable to be affected in chronic 
lead poisoning. 


THORACIC NERVES (NN. THORACALES) 

The anterior primary divisions of the thoracic nerves are twelve in number 
on either side. Eleven of tliom are situated between the ribs, and are therefore 
termed intercostal ; the twelfth lies below the last rib. Each nerve is connected 
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with the adjoi^ng ganglion of tlie sympathetic by one or two filaments. The 
intercostal nerves are distributed chiefly to the parietes of the thorax and 
abdomen, and differ from the anterior divisions of the other spinal nerves, in 
niat each pursues an independent course, i.e. there is no plexus formation. 
Ihe first two nerves supply fibres to the upper limb in addition to their thoracic 
branches ; the next four are limited in their distribution to the p*arietes of 
tile thorax ; the five lower supply the parietes of the chest and abdomen. The 
twelfth thoracic is distributed to the abdominal w'all and the skin of the buttock. 

— The anterior division of the first thoracic 
nerve divides’mto two brancllfes ; one, the larger, leaves the thorax in front of 
the neck of the first rib, and enters into the formation of the brachial plexus ; 
the other and smaller branch runs along tlic first intercostal space, forming the 
first intercostal nerve, and terminates on the front of the chest, by forming 
the first anterior cutaneous nerve of the thorax. Occasionally this anterior 
cutaneous branch is wanting. Tha first interQOstal nerve jasutvXSlidft 
Qi L j branch ; but sometimes a small branch is given oifT^ 
commumccate with the intorcosto-hu moral. It frequently receives a connecting 
twig trom the second thoracic nerve, which passes upwards over the neck of 
the second rib. 

upper thoracic nerves. — The anterior divisions of tlie second, 
thircl, fourth, fifth, and sixth thoracic nerves, and the small brancli from the 
first thoracic, are confined to the parietes of the thorax, and are named thoracic 
intercostal nerves. They pass forwards (fig. 803) in the intercostal 82 »aces below 
the vessels. At the back of tlie chewt they lie between thc pleura ' 

and the poslerior intercostal membranes, but soon pierce the latter and run 
botween tluj two planes of Intercostal muscles as far as the middle of the rib. 

I hey then enter suhslarK^oof the Internal intercostal muscles, and, funning 


Ikj. 803. Diagram of the course and branches of a typical intercostal nerve. 



amidst their fibres as far as the costal cartilages, they gain the inner surfaces 
of the muscles and lie between them and the pleura. Near the sternum, they 
cross in front of the internal mammary artery and Triangularis sterni muscle, 
pierce the Internal intercostal muscles, the anterior intercostal membranes, and 
Peotoralis major muscle, and supply the integument of the front of the chest 
and over the mammary gland, forming the anterior cutaneous nerves (rami 
cutanei antoriores) of the thorax ; the branch from the second nerve is joined 
with the supraclavicular nerves of the cervical plexus. 
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Branches, — ^Numerous slender muscular filaments supply tbe Intercostals, 
the Infracostales, the Lcvatores costarum, the Serratus posticus superior, and 
the Triangularis storni muscles. At the front of the chest some of these 
branches cross the costal earlilagcs from one intercostal space to another. 

Lateral cutaneom w.env’.s* (rami cutanei laterales). — Tliesc are derived from 
the intefcostal nel•^'es, midway between the vertebra} and sternum ; they 
pierce the External intercostal and Serratus magnus muscles, and divide into 
anteiior and posterior branches. 

The anterior branches (rami antcriores) are reflected forwards to the side 
and the fore part of the chest, supplying the integuitient of the chest and 
mamma ; those of f lic fiftli and sixtli nerves supply the upper digitations of 
tlic External oblique. 

The posterior branches (rami post^uiores) are reflected backwards, to supply 
tlie integument over the scapula and over the Latissimus dorsi. 

The lateral cutaneous branch of the second intercostal nerve is of 
large size, and does not divide, like tJie ofJicr nerv^es, into an anterior 
and a posterior brancli. It is named, from its origin and distribution, the 
intercosio-hnmeml nerve (n. intereostobracJiialis) (fig. 801). It ])ier(;e\s the 
External intercostal muscle and the Serratus magnus, crosses Iho axilla 
to the inner side of the arm, and joins with a filament from the nerve of 
AVrisberg. It thorn pierces the fascia, and supplies the skin of the uppoir half 
of the inno'r and back part of the arm, communicating with the intownal 
cutaneous branch of the museulo-.spiral nerve. The size of this nerv(^ is in 
inverse ])roportion to the size of the other cutaneous nerv(‘S, c.'spt'cially the 
nerve of W'risberg. A second intereosto-hunu^ral nerve is fre(|uently givom 
off from the third intercostal. It supjflies filaments to tJie armpit and inner 
side of tJie arm. 

The lower thoracic nerves. — The anterior divisions o)f the seventh, 
eighth, ninth, tenth, and o‘leventh thoracic nerv(‘s are continued anteriorly 
from the intercostal spaces into the abdominal wall ; hence these n(T\’es are 
named ihoracico-ahilorninal intercostal nerves. They have the same arrangement 
as the up2K»r ones as far as tlu} anterior extremities of th(} int(‘rcostal spaces, 
u'hero they pass bfjhind the costal caj*tilag(\s, and between tlie Internal oblique 
and Trans v(}rsalis muscles, to tlie sheath of the Rectus, wlikdi they perforate'. 
They supfily the Rectus muscle, and teu’ininate in branch(*s which become 
subcaitaneous near the linea alba. These branch(« are named tJie anterior 
cutaneom nerves of the abdomen. Tlu'y are dirtxded outwards as far as tJie 
lateral cutaneous nerves and supfily tlve integument of the front of the belly. 
The lower intercostal nerves sujjply the Intercostal and i:\bdominal muscles — 
the last three send branches to the Serratus [lostums inferior- and, about the 
middle of their course, give off lat<^ral cutaneous branches. These pierce 
the External intercostal muscles and the External oblique, in tlui same line as 
the lateral cutaneous nerves of the thorax, and divide into anterior and iiosterior 
branches, M'hicffi ar(} distributed to the integument of the abdomen and back ; 
the anterior branches sup])ly the digitations of the External oblique muscle, 
and ext(uid downwards and forwards nearly as far as the margin of the R(ictus : 
the posterior branches pass backwards to supply the skin over the Latissimus 
dorsi. * 

The anterior division of the last thoracic is larger than the others ; it runs 
along the lower border of the last rib, often gives a communicating branch 
to the first lumbar nerve, and passes under the external arcuate ligament of 
the Diaphragm. It then runs in front of the Quadratus lumborum, perforates 
the Transversal is, and pass<is forwards between it and the Internal oblique, 
to be distributed in the same manner as the lower intercostal nerves. It 
communicates witli the ilio-hypogastric branch of the lumbar jjlexus, and gives 
a branch to the Pyramidalis muscle. 

The lateral evtawous branch of the last thoracic is remarkable for its large 
size. It does not divide into an anterior and a posterior branch like the lateral 
cutaneous branches of the intercostal nerves, but perforates the Internal and 
External oblique muscles, passes downwards over the crest of the ilium in front 
of the iliac branch of the ilio-hypogastric (fig. 811), and is distributed to the 
integument of the front part of the gluteal region, some of its filaments extending 
as low down as the trochanter major. 
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Ajiplied Amtowu . — The lower seven tlioracic nerves and the ilio-hypogastric from 
the iii’srTumbarTiierve supply the skin of the abdominal wall. They run downw^ards 
and inwards fairly equidistant from each other. Tlie sixth and seventh supply the skin 
over the * pit of the stomach ’ ; the eighth corresponds to about the position of the middle 
linca transversa ; the tenth to the umbilicus ; and the ilio-hypogastric supplies the skin 
over the, pubis and external abdominal ring. In many diseases affecting the nen^e-triinks 
at or near their origins, the pain is referred to their peripheral terminations. Thus, in 
Pott's disease of the spine, children will often be brought to the surgeon suffering from 
pain in the belly. "Jliis is due to the fact that the nerves are irritated at the scat of disease 
as they issue from the spinal canal. When the irritation is confined to a single pair of 
nerves, the sensation complained of is often a feeling of constriction, as if a cord vere 
tied round the abdomen, and in these cases the situation of the sense of constriction 
may serve to localise the disease in the spinal column. In other cases where the bone 
disease is more extensive, and tw^o or more nerves are involved, a more general, diffused 
pain in the abdomen is felt. 

Again, it must be borne in mind that the same nerves which supply the skin of the 
abdomen supply also the planes of muscle wrhich constitute the grt‘ater part of the abdominal 
wall. Pence, it follow^s that any irritation applied to the peripheral terminations of 
the cutaneous hvaiichcs in the skin of the abdomen is immediately followed by reflex 
contraction of llu* abdominal muscles. The supply of both muscles and skin from the 
same source is of importance in ])rot(x*ting the abdominal viscera from injury. A blow 
on the abdomen, even of a severe cliaracler, w'ill do no injury to the viscera if the muscles 
are in a condition of firm contraction ; \\hcrea^ in cas(\s wlicrc ilie niiisc]c.s hav'c been 
taken unawares, and the blow has been struck while they w ere in a state of rest, an injury 
insufficient to produce any lesion of the abdominal wall has been attended with rupture of 
some of the abdominal contents. 'Phe ini]K)rtance, therefore, of immediate reflex eontrac- 
tion upon the receipt of fin injury cannot he over-estimated, and the intimate association 
of the cutaneous and muscular fibres in the same nerve produces a ranch more raj)id 
res])onsc on the })art of the muscles to any peripheral stimulation of the cutaneoys fila- 
ments than would be the case if the two sets of librt^s were derived from independent 
sources. 

Again, the nerves supplying the abdominal muscles and skin, derived from the lower 
intercostal nerves, are intimately connected with the sympathetic suj)plying the abdominal 
viscera Ibroiigb the lower thoracic ganglia from whioli the s])lanclinic nerves are derived. 
In conseijncncc of this, in laceration of the abdominal viscera and in acute peritonitis, 
the muscles of the belly wall become firmly contracted, and thus as far as })ossible preserve 
the abdominal contents in a condition of rt^sf. 

Inllammation of the ganglia on one or more of any of the posterior nerve-roots is the 
eauseof fihmgtcs * orlierjies zoster, in which there isa painful em])tion of groups of cutaneous 
ve.sich's corresponding to the distribution of the nerves derived from tlic affected ganglia. 
It is commonest in. the intercostal nerves ; the eru])tion is often preceded and followed, 
as well as accompanied, by girdle pains, and in old ])eoplo these may be prolonged ami 
serious in character. Herpes is the analogue on the sensory side to anterior poliomyelitis 
(page 810) on the motor side of the nervous system. 


LUMBO-SAORAL PLEXUS 

TJie anterior primary divisions of tln^ lumbar, sacral and coccygeal nerves 
form the lumbo-saeral })l(‘xiis, the first lumbar nerve being frequently joined 
by a branch from the twelfth thoracic. For descriptive purposes this plexus 
is usually divided into three ptirts — the lumbar', sacral and pudendal plexuses. 


tLUMBAR NERVES (NN. LUMBALES) 

The anterior primary divisions of the lumbar nerves increase in size from 
above downwards. They are joined, near their origins, by grey rami communi’ 
cantes from tlie lumbar ganglia of the sympathetic cord. Tlicsc rami consist 
of long, slender branches which accompany the lumbar arteries round the sides 
of the vertebral bodies, beneath tlie Psoas magnus. Their arrangement is 
somewhat irregular : one ganglion may give rami to two lumbar nerves, or 
one lumbar nerve may receive rami from two ganglia. The first and second, 
and sometimes the third and fourth lumbar nerves are each connected with 
the lumbar part of the sympathetic cord by a white ramus communicans. The 
nerves pass obliquely outwards behind the Psoas magnus, or between its 
fasciculi, distributing filaments to it and the Quadratus lumborum. The first 


From Lat. cingithm, a belt. 
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three and the greater part of the fourth are couneo^^^d together in this 
situation by anastomotic loops, and form the lumbar plexus^ The smaller 
part of the fourth joins with the fifth to form the lumbosacral cord (truncus 
lumbosacralis), which assists in the formation of the sacral plexus. The 
fourth nerve is named the nervus furcalis, from the fact that it is subdivided 
between the two plexuses.* 

Lumbar Plexus (Plexus lumbalis) 

The lumbar plexus (fig. 804) is formed b}'’ the loops of communication 
between the anterior divisions of the first three and the greater part of ihe 
fourth lumbar nerves. The plexus is narrow above, and the first lumbar 
often receives a brancli from the last thoracic nerve ; it is broad below, where 
it is joined to the sacral plexus by the lumbo-sacral eoid. It is situatefd in 
the posterior part of the Psoas magrius, in front of the transverse processes of 
the lumbar vertebra*. 

Fkj. 804. — Plan of lumbar plexus. 



The mode in wliich the }»lexus is arranged varies in different subjects. It 
differs from the brachial plexus in not forming an intricate interlacement, but 
the several nerves of distribution arise from one or more of the spinal nerves, 
somewhat in the following manner : the first lumbar nerve frequently receives 
a twig from the last thoracic, and divides into an upper and lower brancli ; the 
upper and larger branch subdivides into the ilio-hypogastric and ilio-inguinal ; 
the lower and smaller branch unites with a branch of the second lumbar to form 

* In most cases the fourth lumbar is the nervm fur calls’, but this arrangement is frequently 
(departed from. The third is occasionally the lowest nerve whicli enters the lumbar plexus, 
giving at the same time some fibres to the .sacral plexus, and thus forming the nervus 
fnrcalis ; or both the third and fourth may \ye fuveal nerves. When this occurs, the plexus is 
termed Jiiffh or pre- fixed. More frequently the fifth nerve is divided between the lumbar and 
sacral plexuses, and constitutes the nervus furcalis; and when this takes place, the plexus is 
distinguished as a Im or post-fixed plexus. These variations necessarily produce corresponding 
modifications in the sacral plexus. 
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the genito-crural nerve. The remainder of the second nerve, and tJie third 
and fourth nerves, divide into ventral and dorsal divisions. The ventral 
division of the second unites witii the ventral divisions of the third and fourth 
nerves to form tlie obturator nerve. The dorsal divisions of the second and 
third nerves divide into two branches, a smaller branch from ea(?h uniting 
to form the external cutaneous nerve, and a larger branch from each joining 
wn'th the dorsal division of the fourth lumbar nerve to form tlie anterior 


Fio. 805. — ^The luinhar plexus and its branches. 



crural nerve. The accessory obturator, when it exists, is formed by the union 
of tw^o small branches given off from the third and fourth nerves. 

The brandies of the lumbar jjIcxus may therefore be arranged as follows : 


Ilio- hypogastric 1 L. 

Ilio-inguinal 1 L. 

Genito-crural 1, 2 L. 

Dorsal divisions. 

External cutaneous 2, 3, L. 

Anterior crural 2. 3, 4 L. 

Ventral divisions. 

Obturator . 2, 3, 4 L. 

Accessory obturator 3, 4 L. 


The ilio-hypogastric (n. iliohypdgastricus) arises from the first lumbar 
nerve. It emerges from the outer border of the Psoas muscle at its upper 
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part, and crosses obliquely in troni of the (Juadratus lumborum to the crest 
of the ilium. It then perforates the Traiisversalis muscle at its posterior 

])art, near the crest of the ilium, and 
Fio. 806. — Cutaneous nerves of lower divides between it and the Internal 

extremity. Front view. oblique into tu o branches, iliac and hypo- 



from its inner border, close 
between the third and fourth 


gasti-ic. 

The iliac branch (ramus cutaneus 
lateralis) pierces the Internal and External 
obli(jue inuscies inini(‘diately above the 
crest of the ilium, and is distributed to the 
integument of the gluteal i*egion, behind 
the lateral cutaneous branch of the last 
thoracic nerve (lig. 811). The size of the 
nerv^e boars an inverse proportion to that 
of the lateral cutaneous bram^h of the last 
thoracic nerve. 

The hypoijastric branch (ramus cutaneus- 
anterior) (tig. 800) continues onwards 
between "the Internal oblique and Ti’ans- 
versalis muscles. It then pierces the 
Internal obi i (pie, and b(icomes cutaneous 
by perforating the aponeurosis of the 
External oblique, about an inch above, 
and a little to the outer side of the ex- 
ternal abdominal ring, and is distributed 
to the int('gument of the iiypogastric 
region. 

The ilio-hy])ogastrie nerves (communi- 
cates witli tile last thoi*acic and ilio- 
inguinal lUM'ves. 

Th(» ilio-inguinal (ii. ilioinguinalis), 
smalhn* than tiie preceding, arises with it 
from the first lumbar nerv(\ It ('merges 
from tiio outer border of the Psoas just 
b(‘lo\v the ilio-hypogastric. and, passing 
obliquely across the Quadratus lumborum 
and Iliacus musek-s, peif orates the Trans- 
versalis, near the foi’c jiart of the crest of 
the ilium, and communicates Avith tlic ilio- 
hypogastric nerve betu eem t hat muscle and 
the Internal obli(|ue. The nerve then 
piere(\s the Internal oblique, distributing 
filaments to it, and, accompanying the 
spermatic cord through the external ab- 
dominal ring, is distributed to the in- 
tegument of the u])pcr and inner part of 
the thigh, to the skin over the root of the 
penis and uppiu* part of the scrotum in the 
male, and to the skin covering the mons 
Veneris and labium majus in the female. 
The size of this nerve is in inverse pro- 
portion to that of the ilio-hypogastric. 
Occasionally it is very small, and ends by 
joining the ilio-hypogastric ; in such cases, 
a branch from tlie ilio-hypogastric takes 
the place of the ilio-inguinal, or the latter 
mwve may be altogether absent. 

The g^enito-crural (n. g(mitofemoralis) 
arises from the first and second lumbar 
nerves. It passes obliquely through the 
substance of the Psoas, and emerges 
to the vertebral column, opposite the disc 
lumbar vertebra) ; it then descends on the 
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surface of the Psoas muscle, under cover of the peritoneum, and divides 
into a genital and a crural branch. Occasionally the two branches emerge 
separately through the substance of 

, . Fig. 807. — Segniontal distribution of 

The (jcnitnl branch (n. spermaticus cutaneous nerves of right lower ex- 
extermis) ])asses outwards on the Psoas tremity. Front view. 


magnus, and ])ierees the fascia trans- 
vcrsalis, or ])ass(\s tliroiigh the internal 
abdominal ring ; it then deseemds along 
the back part of the spermatic c(u*d 
to the scrotum, supplies, 'in the male, 
tlie Cremaster mnscle, and gives a few 
filaments to the skin of the scrotum. 
In the female, it accompanies the 
round ligament, and is lost upon it. 

The crural hravch (u. lumboinguin- 
alis) descends on the (external iliac 
artery, sending a few filaments round 
it, and, passing beneath Pou part’s 
ligament to tlie thigh, enters the sheath 
of the fe»noi*al vessels, lying superficial 
and a little exUM-nal to the femoral 
artery. It piere(‘s the an<<‘rior layer 
of tii(* sheath of the vessels, and, 
beeorning siip<u fieial by passing through 
the fascia lata, it supplies the skin of 
the anterior aspect of the tJiigli as far 
as midway between the pelvis and 
kn(H'. On the front of the thigh it 
eonimunicates with the outer branch of 
the middle cutaneous nerve, derived 
fi'om the anterior crural. 

A few filaments from this nerve may 
be traced on to the femoral artery ; 
they are derived from tlie mu've us it 
jifisses beneath Poujitirt’s ligam(*nt. 

The external cutaneous (n. 
eutaneus fernoris lateralis) aiises from 
tlie second and third liimbai* nerves. 
It <;merges from the outer liord^r of 
the Psoas muscle about its middl(% and 
crosses the Hiacais muscle obliquely, 
lowards the anterior superior spine of 
the ilium. It then passes undei* 
Poupart-’s ligament and ov(m* the 
Sartorius muscle into the thigh, where 
it divides into two branches, an anterior 
and a posterior. ^ 

The ariierior branch descends in an 
aponeurotic canal formed in, the fascia 
lata, becomes superficial about four 
inches below Poupart’s ligament, and 
divides into branches which arc dis- 
tributed to tlie integument along the 
anterior and outer part of the thigli, 
as far down as the knee. The terminal 
filaments of this nerve frequently com- 
municate w'ith the middle and internal 
cutaneous, and with the patellar branch 
of the long saphenous, forming with 
them the patellar plexus. 

The posterior branch ])ierces thj 
fascia lata, and subdivides into 
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filaiBMits vrhidi jnss backwapids across the outer and postii^OT sunaoe oi 
thigh, sap|djux^ the integument from the level of the great trochanter to the 
mid^e of the thigh. 

The obturEtor (n. obturatorius) supplies the Obturator extemus and the 
Adductor muscles of the thigh, the articulations of the hip and knee, and 
occasionally part of the integument of the thigh and leg. It arises from the 
second, third, and fourth lumbar nerves. Of these, the branch from the tliird 
is the largest, while that from the second is often very small. It descends 
through the inner fibres of the Psoas muscle, and emerges from its inner border 
near the brim of the pelvis ; it then passes behind the external iliac vessels 
which separate it from the ureter, and runs along the lateral wall of tlic pelvis, 
above the obturator vessels, to the upper part of the obturator foramen. Here 
it enters the thigh, and divides into an anterior and a posterior branch, 
which are separated at first by some of the fibres of the Obturator externus 
(fig. 545), and lower down by the Adductor brevis. 

The anterior branch (ramus anterior) (fig. 808) passes down in front of the 
Adductor brevis, being covered by the Pectiiicus and Adductor lougus ; at tlie 
lower border of tlic latter musch' it communicates witli the internal cutaiK^ous 
and internal saphcuious braiiclu's of the anterior crural, forming a kind of 
. plexus. It then descends upon the feiiuiral artery, to liich it is finally dis- 
tributed. The nerve, near the obturator foramen, gives off an articular branch 
to tlie hip-joint, llchind the Peel incus, it distributes muscular branches 
to the Adductor longus and Gracilis, and usually to the Adductor brevis, 
and in rare cases to the Pectineus, and receives a communicating branch from 
the accessory obturator nerve when that nerve is present. 

Occasionally the communicating brancli to the internal cutaneous and 
internsfl saplumous nerves is continued down, as a cutaneous branch, to the ihigli 
and leg. When this is so, it emerges from Ixmc^atli the lower border of the 
Adductor longus, descends along the posterior margin of tin; Sartorius to tlie 
inner side of the knee, whore it pierces the deep fascia, communicates with the 
long saphenous nerve, and is distributed to the integument of the inner side of 
the leg as low dowm as its middle. WIkmi this communicating branch is small, 
its place is taken by the internal cutaneous mu ve. 

The posterior branch (ramus posterior) i)icrces tlie anterior part of the 
Obturator externus, sending braneJu'S to supply this muscle ; it ihen passes 
behind the Adductor brevis on the front of the Adductor magnus, wiicre it 
divides into numerous muscular branches, which supply the Adductor magnus, 
and the Adductor brevis when the latter does not receive a branch from the 
anterior division of the nerve. It also gives oil’ an articular filament to tlie 
knee-joint. 

The articular branch for the knee-joint is sometimes absent ; it either jierfor- 
ates the lower part of tlui Adductor magnus, or passes through the opening which 
transmits the femoral artery, and eiitei-s the popliteal space ; it then descends 
upon the poiiliteal artery, as far as the back part of the knee-joint, w’^here it 
perforates the po.st(irior ligament, and is distributed to the synovial membrane. 
It gives filaments to the artery in its course. 

The accessory obturator ^ (n. obturatorius accessorius) (fig. 805) is 
present in about 29 per cent, of cases. It is of small size, and arises by separate 
filaments from the third and fourtJi lumbar nerves. It (tes(;ends along the 
inner border of the Psoas muscle, crosses the ascending ramus of the pubis, 
and passes under the outer border of the Pectineus muscle, where it divides 
into numerous branches. One of these sujiplies the Pectineus, penetrating 
its under surface ; another is distributed to the hip- joint ; while a third 
communicates w'ith the anterior branch of the obturator nerve. When this 
nerve is absent, the hip-joint receives two branches from the obturator 
lierve. Occasionally it is very small and becomes lost in the capsule of the 
hip-joint. 

The anterior crural (n. femoralis) (figs. 805, 808) is the largest branch 
of the lumbar plexus. It supplies muscular branches to the Iliacus, Pecti- 
neus, and all the muscles on the front of the thigh, except the Tensor fascia? 
femoris ; cutaneous filaments to the front and inner side of the thigh, and to 
the leg and foot ; and articular branches to the hip and knee. It arises from 
the second, third, and fourth lumbar nerves. It descends through the fibres 
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of tho Pao^^ emerging from the muscle ftt the lower Mxt of ito outer bord^» 
and passes down between it and the Hiacus behind the fascia iliaoa ; it then 

runs beneath Toupart’s , , ^ 

ligament, into the thigh, Fio. 808.— Nerves of the nght lower extremity, 
liei 0 it becomes somew hat Inont view. 


flattened, and divides mto 
an antenoi and a posteiior 
pn 1 1 Under Poupart ’ s hga 
nunl il IS separated fiom 
tin fdiioial arttry by a 
]M)]lion of tlie Psoas. 

IVi/kiu the abdomen the 
antcnoi crural nerve gl^os 
( fl fiom its outer side some 
small In anc heslo the Iliac us, 
and a br*inch to the ftmoial 
aiteiv Mhichis distiihuttd 
u]M)n the u])]Ki ])ait ot that 
vc'^scl 'I he oiigm of this 
In 1 rich \aiies it occa 
sionallv aiises highti than 
u^ual or it ina\ arise lo^\er 
do^\ n in the thuh 

In the ilugh the folloAMiig 
bianehcs aie given ofl 

Ftomthi 4///er/en J>iuswn 

Midelh eutaneoii- 
Internal eutaiieou*- 
Muse 111 II 

Ftomlhi Po^f(not Division 

Long sa])hejious 
Mus( ul 11 
Aitieul Ji 

The middle (uUnuoiis 
nerve (hg 80b) puieeslhe 
fascia lita (and geneially 
the SaitOTius) about tliie( 
inehes below Poupait’s liga 
iiu nt, and diyides into two 
biane lie's (larni culanei an 
teiiores) which descend in 
immediate ])TOXiiiiity along 
the foic' part ot the thigh, 
to supply the intc'gunient as 
low as the front of the knee 
Heie thc'V comniimicate 
with the internal eutanoous 
nerve and the patc'llai 
branch of the inte i nal 
saphenous, to form the 
patellar plexus In the 
upper patt of the thigh the 
outer division of the middle 
cutaneous communicates 
with the crural bianch of 
the genito-cruial nerve 
The internal cutaneous 
nerve passes obliquely across 
the upper part of the 
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sheath of the femoral artery, and divides in front, or at the of that 

vessel, into two branches, an anterior and a posterior or internal. 

The arUerior branch runs downwards on the Sartorius, perforates the fascia 
lata at the lower third of the thigh, and divides into two brandies : one supplies 
the integument as low down as the inner side of tlie knee ; the other crosses 
to the outer side of the patella, eoinniunicating in its course with the patellar 
branch of the long saphenous nerve. 

The 'posterior or infernal branch descends along the inner border of the 
Sartorius muscle to the knee, where it pierces the fascia lata, communicates with 
the long saphenous nerve, and gives off several cutaneous branches. It then 
jDasses down to supply the integument of the inner side of the leg. Beneath 
the fascia lata, at the lower border of the Adductor longus, it joins to form 
a plexiforni network (subsariorial plexus) with brandies of the long saphenous 
and obturator nerves (fig. 808). VV^lien tJie communicating brandi from the 
obturator nerve is large and contiuuc^d to the integument of tlie leg, the 
internal branch of tlie internal cutaneous is small, and terminat(‘s in the plexus, 
occasionally giving off a f(‘W cutaneous filaments. 

The internal cutamums nerve, before dividing, gives off a few filaments, 
\vliicli pienjo the fascia lata, to supply the integument of the inner side of the 
thigh, accompanying tin* long saphenous vfdn. One of tliese filaments passes 
through the saiihenous opening ; a second becomes subcutaneous about the 
middle of the thigh ; a third pierces lh<i fascia at its lower third. 

Mv^scvlnr branches of the anterior division. -The nerve to the Pectinevs arises 
from the anterior crural immediately below Poupart’s ligament, and passes 
inwards beliind the hunoral sheatli to enter the anterior surface of the muscle ; 
it is oft(ui duplicated. The nerve to the Sartorius arises in common with the 
middled cutaneous. 

The long or internal saphenous nerve (n. saphenus) is the largest cutaneous 
branch of the anterior crural. It approadiCNS the femoral artery where 
this vessel passes beneath the Sartorius, and lies in front of it, beneath the 
aj)oneurotic covering of Hunter’s canal, as far as the oj)ening in the lower 
part of the Adductor magnus. It then quits the artery, and devseemds vertically 
along the inner sidt? of the knee beneath tlie Sartorius, ])ierces the fascia lata, 
opposit<^ the interval betw^een the tendons of the Sartorius and Gracilis, and 
becomes subcutaneous. Tire nerve tlum passes along th(^ inner side of the leg, 
accompani(^d by the internal sa])henous vein, descends b(diirid the internal 
border of the tibia, and, at the low er third of the leg, divides into two branches : 
one continues its course along the margin of the tibia, terminating at the 
inner ankle ; the other passes in front of the ankle, and is distributed to 
the integument along the inner side of the foot, as far as the ball of the 
great toe, communicating with the internal branch of the musculo-cutaneous 
nerve. 

Branches . — The long saphenous nerve, about the middle of the thigh, gives 
off a communi(iating branch which joins the subsartorial plexus. 

At the inner side of the krun* it gives off a large patellar branch (ramus 
infrapatcllaris) w'hich pierces the Sartorius and fascia lata, and is distributed 
to tlie integument in front of tlie patella. This nei*v^c communicates above the 
knee with the anterior branch of the internal cutaneous an,d with the middle 
cutaneous ; below* the knee, wnth other branches of the long saphenous ; and, on 
the outer side of the joint, w ith brandies of the external cutaneous nerve, 
forming a plexiform netw*ork, the plexus patellce. The patellar branch is 
occasionally small, and terminat^es by joining the internal cutaneous, w^hich 
supplies its place in front of the knee. 

Below' the knee, the branches of thi'. long saphenous nerve are distributed to 
the integument of the front and inner side of the leg, communicating w'ith the 
cutaneous brantrlies from the internal cutaneous, or from the obturator nerve. 

The muscular branches the posterior division supply the four parts of the 
Quadriceps extensor muscle. ^ 

The branch to the Pectus femoris enters the under surface of the muscle high 
up, sending off a small filament to the hip-joint. 

The branch to the Vastus extemusj of large size, folio w's the course of the 
descending branch of the external circumflex artery to the low*er part of 
the muscle. It gives off an articular filament to the knee-joint. 
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The brancH to the VasttLs internua is a long filament running down on the 
outer side of the femoral vessels in company with tlie internal saphenous nerve. 
It enters the muscle about its middle, and gives off a filament, which can usually 
be traced downwards, on tlie surface of the muscle, to the knee-joint. 

Tlu^ branches to the Crureus are two or three in number, and enter tlie muscle 
on its anterior surface about the middle of tlie thigh ; a filaimmt from one of 
these descends through the muscle lo th(‘ Subcrunnis and the knee-joint. 

Th(‘ articukiv branch to the hvp-johit is derived from thc^ nerve lo the Rectus. 


Fto. 801). — Plan of sacral and pudendal plexuses. 
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on the surface of this muscle to near the joint ; it then penetrates the muscular 
fibres, and accompanies the deep branch of the anastomotica magna artery, 
pierces the capsular ligament of the joint on its inner side, and supplies the 
synovial membrane. The third branch is derived from the nerve to the 
Crureus. 


SACRAL AND COCCYGEAL NERVES (NN. SACRALES ET COCCYGEUS) 

The anterior primary divisions of the sacral and coccygeal nerves 

form the sacral and pudendal plexuses. The anterior divisions of the upper 
four sacjral nerves enter the j)elviH through the anterior sacral foramina, that 
of the fifth between the sacrum and coccyx, while that of the coccygeal nerve 
curves forwards bcloAV tlie rudinnmtary transversf? process of the first piece 
of the coccyx. Th(^ first and second sacral are large ; the third, fourth, and 
fifth diminish progressively from above downwards. Eaeh nerve receives a 
grey rarnua romnmnimns from tJn^ eorresj)onding ganglion of the sympathi^tie 
eord, wliile from tlie tliird, and frequently from the second and fourtli sacral 
nerves while rami cominunicavics are givtm to the pelvic ph^xuses of the 
sym 2 )athetic. 

Sackal Plexus (Plexus Sackalls) 

The sacral plexus (fig. 809) is formed by the lumbo-sjuu'al cord, the anterior 
primary division of the first, and portions of the anterior primary divisions of 
the second and third sacral nerves. 


Fia. 810. — Side view of pelvis, showing sacral nerves. 
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The liimbo-sacral cord comprises the whole of the anterior primary division 
of the fifth and a jjart of that of the fourth lumbar nerves ; it appears at the 
inner margin of the Psoas magnus and runs downwards over the pelvic brim 
to join the first sacral nerve. The third sacral nerve divides into an upper and 
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a lower branch, tlie former entering the sacral and the latter the pudendal 
plexus. 

The nerves forming the sacral plexus converge towards the lower part 
of the great sacro-sciatic foramen, and unite to form a flattened band, from 
the anterior and posterior surfaces of which several branches arise. The band 
itself is continued as the great sciatic nerve, which splits on the back of the thigh 
into the internal and external popliteal nerves ; these two nerves sometimes 
arise separately from the plexus, and in all cases their independence can be 
shown by dissection. 

Relations. — The sacral plexus lies on the back of the pelvis between the 
Pyriformis and the pelvic; fascia (tig. 810) ; in front of it are the internal iliac 
vessels, the ureter and the pelvic colon. The gluteal vessels run between the 
lumbo-sacral cord and the tirst sacral nerve, and the; sciatic; vesseds between 
the second and third sacral nerves. 

All the nerves entering the i>lexus, with the cx(;(;ption of the third sacral, 
split into ventral and dorsal divisions, and the nerves arising from these are 
as follows : 

Vcmtral divisions. Dorsal divisions. 


N<;rve to Quadrates femoris ) 
and Inferior gemellus 1 
Nervci to Obturator iiiternus | 
and Suj)eTior gemellus . t 
Nerve to Pyriformis 
Superior gluteal 
Inferior gluteal 
Small sciatic .... 
threat I Inlcirnal popliteal 
sciatic lExt(;mal popliteal 


4, 5 L, 1 S. 

5 L, 1, 2 S. 

. . . . (1)2S. 

: . 4, 5 L, 1 S. 

5 L, 1, 2 S. 

2, 3S . 1, 2S. 

4, 5 L, 1, 2, 3 S. 

4, 5 L, 1, 2 S. 


The nerve to the Quadratus femoris and Inferior gemellus arises from the ventral 
divisions of the fourth and fifth lumbar and first sacral nerv(‘s : it leaves the; p(;lvis 
through the great sacro-sciatic; foramen, below the Pyriformis, and runs down in 
front of the great sciatic nerve, the (lemelli and the tendon of the Obturator internus, 
and cjiters the ajjterior surfaces of the muscles : it gives an articular branch to the 
hip-joint. 

Th<; nerve to the Obturator internus aris(‘.s from the ventral divisions of the 
fifth lumbar and first and second sacral nerves : it leaves the pelvis througli 
tlie great sacro-sciatic. foramen below^ the Tyriformis muscle, crosses tln‘ ischial 
spine, re-ent(;rs the pelvis through the small sacro-bciatic foramen, and ends, after 
entering the pelvic surface of the muscle, in tlu; Ol)turator internus. Tlie 
brancli to this (ilemellus supei ior enters the npjier part of the posterioi* siirfac.e of 
tbe muscle. 

The nerve to the Pyriformis arises from tin; dorsal division of the second, or 
the dorsal divisions of tin; first and second, sacral nerves, and entius tin; antc'Tior 
surface of the muscle : this nerve may be doulde. 

'fhe superior gluteal (n. glutanis superior) arises from the dorsal divisions 
of the fourth and fifth lumbar and tirst sacral nerves : it leaves the jx'lvis 
through the great »icro-sciatic foramen above the Pyriformis, accompanied by the 
gluteal vessels, and divides into a superior and an inferior braiieh. The svporior 
branch accompanies the upper branch of the deep division of the gluteal artery 
and ends in the (xluteus minimus. The 'inferior branch runs with the lower branch 
of the gluteal artery across the (lluteiis minimus ; it gives filaments to the Gluteus 
medius and Gluteus minimus, and ends in the Tensor fasciir femoris. 

The inferior gluteal (n. gluticus inferior) arises from the dorsal divisions 
of the fifth lumbar and first and second sacral nerves : it leaves the pelvis through 
the great sacro-sciatic foramen, below the Pyriformis, and divides into branches 
which enter the deep surface of the Gluteus maximus. 

The small sciatic (n. cutaneus femoris posterior) is distributed to tho 
skin of tlie porinaeum and posterior surface of the thigh and leg. It arises 
partly from tho ventral and partly from the dorsal divisions of the first, second, 
and third sacral nerves, and issues from the pelvis through the great sacro- 
sciatic foramen below the Pyriformis. It then descends beneath the Gluteus 
maximus with the sciatic artery, and runs down tho back of the thigh beneath 
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the fascia lata, and over the long head of the Biceps to the back of the knee : 
here it pierces the fascia and accom})anies the external saphenous vein to about 

the middle of the back of tlic leg, its 
Fig. 811. — Cutaneous nerves of riglit terminal twigs communicating with the 
lower extremity. Posterior view. external saphenous nerve. 



Its branches arc all cutam^ous, and 
are grou])ed as follows : gluteal, perineal, 
and ieiTioral. 

Tha gluteal branches, three or four in 
number, turn upwards round tlie lower 
border of tlic Gluteus maxirnus, and 
su])ply the skin covering tlie lower and 
outer part of that muscle. 

The perineal branches (rami perincales) 
arci distributed to the skin at the up})cr 
and inner side of the thigh. One brancli, 
longer than the rt^st, the inferior pudendal, 
(mrves forwards below and in front of the 
is(;hial tuberosity, pierces tln^ fascia lata, 
and l uns forwards beneath the su})erticial 
fascia of the perinsBum to tlic skin of tlie 
scrotum in the male, and of th<‘ labium 
majiis in the female. It (uimmunicates 
with the inferior hsemorrhoidal and 
sujierficial perinatal nerves. 

1'he femoral branches consist of 
numerous filaments d( wived from both 
sides of the nerve, and are distributed 
to the skin covering the back and inner 
side of the thigh, th(^ popliteal s])ace, 
and the upjier ])art of the ba-ck of the 
leg. 

Th<' great sciatic (n. ischiadicus) 
(fig. 813) supplies ncaily the whole of tluj 
integument of the leg, the muscles of 
the back of th(* thigh, and those of tlu^ h'g 
and foot. It is the largest nerve in the 
body, measuring three-(pia.rters of an inch 
in liroadth, and is the continuation of 
the flattened band of the sacral plexus. 
It passes out of the pelvis through the 
great sacro-s(uatic foramen, below the 
Pyriformis muscle. It dtiscerids betv’^cen 
the great trochanter of the femur and 
the tuberosity of th(^ ischium, along 
the back part of tlu^ thigh to about its 
lower third, where it divides into two 
large branches, the internal and external 
popliteal nerves. This division may take 
place at any point between the sacral 
plexus and the lower third of the thigh. 
When it occurs at the plexus, the ex- 
ternal popliteal nerve usually pierces the 
Pyriformis. 

As the nerve descends along the back 
of the thigh, it rests upon the posterior 
surface of the ischium, the nerve to the 
Quadratus femoris, and the external 
rotator muscles of the thigh, in company 
with the small sciatic nerve and artery, 
and is covered by the Gluteus maxirnus ; 


lotver down, it lies upon the Adductor magnus, and is cbvered by the long 


head of the Biceps. 
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The hramhes of the nerve, before its division, are articular and muscular. , 
The articular branches arise from the upper part of the nerve ; tliey supply 
the hip-joint, perforating the posterior part of its fibrous capsule. These 
branches are sometimes derived from the 


sacral plexus. 

"l.'’he muscular branches are distributed 
to the flexors of the leg : viz. the Biceps, 
Semitcndinosus, and Semimembranosus, and 
to tlie Adductor magnus. The nerve to 
the short head of the Biceps comes from the 
external popliteal part of the great sciatic, 
wliile the other muscular branches arise from 
the internfil popliUsal portion, as may be 
S('en in tliose cases wJiere the two popliteal 
nerves emerge separately on the buttock. 

'I'he internal popliteal (n. tibialis), the 
largtjr of the two l(».rminal branches of the 
great sciatic, arises from the anterior 
branches of the last two lumbar and first 
thrc(^ sacral uci'ves. It descends along the 
back part of the thigh, through the middle 
of the poplitc^al space, to ilui lower part of 
the Popliteus muscle, where it passers with 
the popliteal artery beneath the arch of the 
8oleus, and becomes the x>osterior tibial. It 
is overlapj)ed by the hamstring muscles 
above, and then betjomes more siijuu-lieial, 
and lies to the outer side of, and some, dis- 
tance from, the popliteal vessels ; opposite; 
the knee-joint, it, is in close relation with 
the vessels, and crosses to the inner side of 
the arl(;ry. Below, it is overla])]M*d by the 
Gastrocnemius. 

Tile branches of this nerve are, articular, 
muscular, and a (iutaneous branch, the 
communicam tibialis. 

The articular bra'nches, usually three in 
number, sujjply the knee-joint ; two of 
these accompany the superior and inferior 
internal articular arteries ; and a third, the 
azygos articular artery. 

The muscular branches, four or fiv(; in 
number, arise from the nerve as it lies 
b(; tween the tw o heads of the Gastrocnemius 
miistde ; they sujjjily that mus(;lo, and the 
Plantaris, Soleus, and i\) 2 )liteus. I’he 
branch w'Jiicli supplitjs the Po]>liteus turns 
round the lower bQi’d(;r and is distributed to 
the deej^ surface of the muscle. 

The communicans tibialis (n. cutaneus 
surae medialis) desc(;nds betw^een the tw'o 
heads of the Gastrocnemius muscle, and, 
about the middle of the back of the leg, 
pierces the deep fascia, and joins a com- 
municating branch (communicans peronei) 
from the external popliteal nerve to form 
the external, or short, sa 2 )henous nerve 
(fig. 811). 

The external saphenous (n. suralis) , formed 
by the communicating branches of the in- 
ternal and external popliteal nerves, ^tasses 
downwards and outwards near the outer 
margin of the tendo Achillis, lying close to 


'rcj. 812. — Segmental distribution of 
tlie cutaneous nerves of the right 
lower extremity. Posterior view. 
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Fig. 813.- -Nerves of the right lower extremity.* the external saphenous vein, 
Posterior view. to the interval between tlie 

-w external malleolus and the os 

ealcis. It winds round the outer 
distributed to 
tJie integument along the outer 

/ uV liiilil little toe, 

« communicating on the dorsum 

gluteal mUSCulo- 

ihidn' cutaneous nerve. In the leg, 

3Wiv/» .TiL A-JHWSigBS^S^Av \ its branches communicate with 

rMr^^W UmE^^ Rr.«A tliose or the small scjatic. 

posterior tibial (fig. 

S/nalt 'jj 813), tlic direct continuation of 

Inferior !^4 Jk i| the int(u*iial j)0])]iteal nerve, 

pudendal ^ .-/jr \ J commences at the lower border 

1 > r«M IlP^f V Popli terns muscle, and 

I ' !■ ilPffl fife ' / I I pass(\s along tlu^ ba(;k ])art of 

Hjp/i ' jljl the leg with the posterior tibial 

J>(‘-'irending jjj vcsscls to the interval bet^^'e(^n 

vntnneons >|||)»|Bp|; jff tluMuncr mallcolus and the lu'cl, 

i Jl' W'i ' // wJicre it di\id(‘S beneath tJic 

* ■ IbiRl ’ !uii' ' / internal juinular ligament of 

* liV vi ankle into the ivtcrrial und 

' S hUm \ lull' I extvriuil plantar ncrvt fi, Jt lies 

' ' iflU' \ I vi // upon the deep muscdcs of tlio l(*g, 

I ilim\'\''vi'l ‘ covered in tluj u])p(T ])art 

muscles of the calf, Iowct 
Infernal _ dowii by the skin and tJic* su])er- 

popl ileal i ticial Hlld d(H^]) faseije. In the 

li In t^’f'ifrnal upptjr part of its course, it lii^s 
I ' '^1 W ~ p*gdifnif o) to tlu5 inner side of the postei’ior 
1 ! iT/A 8 ^^ I tibial artery ; ))ut it sooncrosst^s 

V\ vessel, and li(‘,s to its outer 

Com \Jr\W4l^ . M’*' 

fibiahs (on/mnnta placed paralhd with tJie inner 

margin of tlie tendo Acliillis. 

p„>:ir,-ior ni,wi I « ^ branches of the jM>sli rior 

'mH w " tifnal nerve are muscular, inhunal 

|r calcanean, and articular. 

I 41ffl "I'ba rrmucular branches arise 

l l wfi lUm either separat ely or by a comm on 

i ^iMfifW^ ill/ trunk from the upper part of the 

nerv^e. They supply the Soleus, 
Tibialis posticus, Flexor longus 
to/|lll' o/™ . digitorum, and Flexor longus 

ymjmpjjtm liallueis musejes ; the branch to 

'Imitr muscle accompanies 

I nB ^ M peroneal artery. The branch 

JIr Jw from tlie posterior tibial nerve 

' fill W Soleus enters the deej) 

fifi W surface of the muscle, while that 

a imw ml from the internal po | )li teal ent e us 

iilmt ml superficial surface. 

wiB The interruil calcanean branch 

(ramus calcaneus medialis) per- 
forates the internal annular 
ligament, and supplies the in- 
L tegument of the heel and inner 

side of the sole of the foot. 

* N.Ij. — I n this diagram the cominimicaus tibialis and com rii unicans pcronciare not in their 
normal position. They have been displaced by the removal of the superficial muscles. " 


Krh-nial 
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814. — The plantar nerves. 


plantar 


Drrp 

branch 


The articvlar branch is given off just above the bifurcation of the nerve, and 
supplies the ankle-joint. * 

The internal plantar (n. plantaris 
mcdialis) (fig. 814), the larger of tlie 
two terminal branclies of the posterioi- 
tibial, accomi)anies the internal plantar 
artery along the inner side of the foot. 

From its origin at the inner ankle it 
passes beneath tlie Abductor hallucis, 
and then forwards between this muscle 
and the Flexor brevis digitorum ; it 
divides opposite the bases of the meta- 
tarsal bones into four digital branches, 
and coininunujates with the external 
plantar nerve. 

Bramhcfi , — In its course, the internal 
plantai* ri('rve giv(is off culanemis branches, 
which ])i(^rco the idanlar fascia, and 
supply th(; ijil(;gument of the sole of the 
foot ; muscular branches y which supply 
the Abductor hallucis and Fh^xor brevis 
digitorum ; articular branches to tlu^ 
arti(Milalions of the tarsus and meta- 
tarsus ; and four digital branches. T\\c lirsl 
(innermost) brancl^ becomes cutaneous 
about th(i middle of the solo, between 
th<^ AbdiKit-or hallucis and Flexor brevis 
digitorum; tlui three oulcu’ Imuujhes 
pass ix^tween the divisions of the plantar 
fascia in the clefts between tlu^ toes. 

Tluiy are distributed in the following 
manner : the Jirst supplies the inner 
bord(‘r of the great toe, and sends a 
filaineiil to tJio Flexor brewis hallucis 

muscle ; the second bifurcates, to supply the adjacent sides of the gi(‘at and 
second to(?s, sending a iilament to the First lumbricalis ; * the third digital 

branch supplies the adjac(*nt sides of thr 
s(‘(;ond and third toes ; the fourth suppliers 
the corresponding sides of the third and 
fourth toes, and receives a eomnmnicatijig 
branch froni the external plantar nerves 
Each digital ner'vci gives off cutaneous and 
articular filaments ; and opposite the last 
phalanx sends a dorsal branch, which 
sup})lies the structures around the nail, the 
continuation of the nerve being distributed 
to the ball of the toe. It will be observed 
that these digital branches anj precisely 
similar in their distribution to those of the 
nuHlian nerve in the hand. 

The external plantar (n. plantaris 
lateraUs), the smaller of the two, completes 
the nervous supply to the structures of 
the sole of the foot, being distributed to the 
little toe and outer half of the fourth, as 
weU as to most of the deep muscles, its 
distribution being similar to that of the 
-ulnar in the hand. It passes obliquely 
forwards with tlie external plantar artery to 
the outer side of the foot, lying between the Flexor brevis digitorum and Flexor 
accessorius ; and, in the interval between the former muscle and the Abductor 



Fig. 815. — Cutamxius dislribulion of 
plauiar nerves. 
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• Consult anicle by Brooks, Jom'nal of Anal, mid Phyaiol.y vol. xxi. 
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minimi digiti, divides into a superficial and a deep branch. Before its division, 
it supplies jbhe'^lexor accessorius and Abductor minimi digiti. 

The superficial branch (ramus superficialis) separates into two digital nerves : 
one, the smaller of the two, supplies the outer side of the little toe, the Flexor 
brevis minimi digiti, and the two Interosseous muscles of the fourth metatarsal 
Space ^ the other and larger digital bran(;h supplies the adjoining sides of the 
fourth and fifth toes, and communicates with the internal plantar nerve. 

The deep branch (ramus profundus) accompanies the external plantar 
artery on tlie deej) surfac^e of thci tendons of the Flexor muscles and the Adductor 
obliquuH hallucis, and supplies all the Interossei (except those in tlie fourtli 
metatarsal space), the three outer Lumbricales, the Adductor obliquus hallucis, 
and the Adductor transversus hallucis. 

The external popliteal or peroneal (n. peronscus communis) (fig. 813), 
about one-lialf the size of the internal poj)liteal, is derivt*d from the dorsal 
branches of tlie last two lumbar and first two sacral nerves. It descends 
obliquely along the outer side of the popliteal space to the head of the fibula, 
close to thfi inner margin of the Biceps musede. It is easily felt beneath the 
skin behind the Iiead of tlie fibula, at the inner side of the tendon of the Biceps. 
It lies between the t-emdon of the Biceps and outer liead of the (hastrocmuiiius 
muscle, uinds round the n(*(;k of the fibula, b(»tween the Peroneus longus and 
the bone, and divides beneath the muscle into the antei ior tibia! and musculo- 
cutaneous nerves. 

The branches of the external jmpliteal nerve, 2 >ievioiis to its division, arc 
articular and eutan(‘ous. 

The articular branches are tliree in number; two of these* acconqiany the 
siqieripr and inferior external articular arteries to the* outer side of the knc'e. The 
upjier one occasionally arist's from the great sciatic nerve liefore its bifurcation. 
Th(‘ third (recurrent) articular nerve is given off at the point of division of the 
external popliteal nerve ; it ascends with the anterior r(H*urrent tibial aiterj^ 
through the Tibialis anticus muscle to the front of the knee, which it supjilios. 

The cutaneous branches, two or three in niimh(T, siqiply the integument along 
the back jiart and outer side of the leg ; one of these, larger tliaii the rest, the 
cornmunicitns peronei (lamus anastomoticus iieronAPUs). arises near the head 
of the fibula, (uosses the external liead of the Gastrocnemius to the middle 
of the leg, and joins witli the communicans tibialis to form the extiunal 
saplumous. The communicans peronei is occasionally continued down as a 
sejiarate branch as far as the heel. 

The anterior tibial (n. peronjcus jirofundus) (fig. 808) commences at 
th(‘. bifur(;ation of the peroneal nerve, bt‘tw’een the fibula and upjiei* ]iart of 
the Peroneus longus, passes oblifjuely forwards beneath tlie Extensor longus 
digitorum to the fore part of the interosseus membrane, and comes into relation 
with the anterior tibial artery above the middle of th(* leg ; it then descends 
with the artery to the* front of the ankle-joint, w here it divides into an external 
and an internal branch. It lies at first on tlie outer side of tlie anteiior tibial 
artery, then in front of it, and again on its outer side, at the ankle-joint. 

The branches of the anterior tibial nerve, in its course througli the leg, arc 
muscular to the Tibialis antic us, -Extensor longus digitorum, Peroneus tertius, 
and Extensor projirius hallucis muscles, and an articular branch to the ankle- 
joint. 

TJio external terminal branch passes outwards across the tarsus, bcuieath the 
Extensor brevis digitorum, and, having become enlarged like the iiostcrior 
interosseus nerve at the wrist, supplies the Extensor brevis digitorum. From 
the enlaT’gcmcnt three minute interosseous branches are given off, whi(!}i sujiply 
the tarsal joints and the metatarso-phalangeal joints of the second, third, and 
fourth to(\s. The first of these sends a filament to the Second dorsal interosseous 
muscle. 

The interned branch, the (‘ontinuation of the nerve, accompanies the dorsalis 
pedis artei'y along the. inner side of the dorsum of the foot, and, at the first 
interosseous space, divides into two branches, Avhich supply the adjacent sides 
of the great and second toes, communicating wdth the innermost branch of the 
musculo-eutaneous nerve. Before it divides it gives off to the first space an 
interosseous branch which supplies the metatarso-phalangeal joint of the great 

and sends a filament to the First dorsal interosseous muscle. 
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The musculo-cutaneous (n. peronapus superficialis) (fig/' 808) supjfiies the 
muscles on the fibular side of the leg, and the integument over |;he.grt}ater 
part of the dorsum of the foot. It passes forwards between the Peronei and 
the Extensor longus digitorum, pierces the deep fascia at the lower third of 
the l<»g, on its front and outer side, and divides into two bramjhes. This nerve, 
in its course between the muscles, gives off muscular branches to the Peronei 
longus and brevis, and cutaneous filaments to the integument of the 'lower 
part of the leg. 

The inler'nal branch of the WMSculo-cuianeous nerve, passes in front of ilie 
ankle-joint, and divides into two branches, one of which supplies the inner side 
of the great toe, the other, the adjacent sides of the second and tliird toes. It 
also supplies the integument of the inner ankle find inner side of the foot, 
communicating witli the internal saffiienous nerve, and joining wifh the anterior 
tibial nerve, bctwe(‘ii the great and second toes. 

The exiernul branch, the smalhu*, passes along tlie outer side of tlie dorsum 
of the fo(^t, and divides into two branches, the inner being distributed to the 
contiguous sides of third and fourth toes, the outei* to the op])osed sid(‘s of 
the four! h and fift h 1 o(*s. It also supplies t he int(‘gument (ff the out(T ankhi and 
outer side of the foot, (communicating with the short saphenous nerve. 

'riie bran(ch(\s of tlie mus(‘ulo-cutaneous nerve supply all the toiis cxc(‘j)ting 
tlie out(‘r side of the little toe, and the adjoining sides of the grent and second 
toes, the former being sufiplied by the external saphenous, and the lat-tcT by the 
interna] branch of tli(‘ anicnior tibial. It fiMMjuently happens, however, that 
some of the out(n* branches of th(‘ mns(*u]o-cutaneous arc absent, theur j)la(^es 
b(*ing tlu'ii taken by branches of the external saphenous nerve. 


Pudendal Plexus (Plexus Pudendus) 


The pudendal plexus (fig. 809) is not sharjily marked off from the sacral 
plexus, and as a c-onsc^quencu* some of tln^ branclu'S which spring from 
it nniy arise in conjunction with thos(‘, of the sacral pl(‘xus. It lies on the 
postc'iior wall of tin* p(‘lvis, and is usually formed by branch(\s from t)i(» 
anterior primary divisions of th<^ s(M*ond and third sacral mu’ves, tlie whoh' of 
the anterior primary divisions of th<' fourth and fifth sacral imrvcs and the 
coc(;ygeal nerve. 

It gives off the following brandies : 


Perforating cutaneous . 
Pudic . . . . 

A'isccral . . , . 

Muscular 
A no-coccygeal 


2 . s. 

2, :i, 4 s. 

3, 4 S. 

4, S. 

4, 5, 8. and (‘occ. 


The perforating cutaneous usually arises from th(». [losterior surface of 
the sc^eond and third sacral ncrviis. It pierces tlu^ lower fiart of the great 
sacro-sciatic ligament, and winding round the inf(*rior bord(*r of the (Jluteus 
maximus supplies the skin covering the iiiruu* and lower parts of that muscle. 

• 

The perforating cutaneous nerve may arise from the pudic or it may he absent : in tiie 
latter case its place may be taken by a branch from tlie small sciatic nerve or by a branch 
from the third and fourtli, or fourth and lifth, sacral nerves. 

The pudic (n. pudendus) deriv(‘s its fibres from the ventral branches 
of the seeond, third, and fourth sacral nerves. It leaves the pelvis, below 
the Pyriforinis, through the gi-eat sacro-sciatic foramen. It then crosses the 
spine of the ischium, and re-enters the pelvis through the small saero-sciatie 
foramen. It accompanies the pudic vessels upwards and forwards along the 
outer wall of the ischio-rectal fossa, being contained in a sheath of the obturator 
fascia, termed Alcock’s canal, and divides into two terminal branclu^s, viz. 
the perineal nm-ve, and the (lorsal nerve of the ])enis or clitoris. Before its 
division it gives off the infcriorJiaDmorrhoidal nerve. 

Th(^ inferior hcemorrhoidal nerve is occasionally dinived separately from < he 
sacral plexus. It passes across the ischio-rectal fossa, with its ac(;ompanvjng 
vessels, towards the lo ver end of the n^ctum, and is distributed to the Sphincter 
ani externus and to tlie integument round the anus. Branches of this nerve 
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communicate with the inferior pudendal and superficial perineal nerves at the 
fore part of the perinscum. 

The perineal nerve, the inferior and larger of the two terminal branches of 
the pudic, is situated below the i)udic arteiy. It accompanies the superficial 
perineal artery in the perinaeum and divides into cutaneous jind muBcular 
branches. 

The cutaneous branches (8ui)erticial i>erineal) are two in number, j)()sterior 
and anterior. The posterior or external branch pierces the base of the triangular 
ligament of the urethra, and passes fonvards along the outer side of theuretliral 
triangle in (jompany u'ith the su])erficial perineal firtery ; it is distributed to the 
skin of the scrotum. It communicates with the inferior hamiorrlioidal, the 
inf(‘rior pudendal, and the other superficial perineal nerve. The anterior or 
internal branch also ])ierces tJie base of the triangular ligament, and passes 
forwards nearer to the middle line, to be distributed to tbo inner and back part 
of the scrotum. Both tlu^se iku'vcjs siipj)ly the labium majus in the female. 

The muscuLar branclies arc* dishibuted to tJie Transversus perinsei. 
Accelerator urina*, Erector jx iiis, and Compressor urethra;. A distinct branch 
given off from tJu^ n(*rve to the Aec(derator urina*, pi(*rc(*s tins muscle, 
and supj)Jies tlje coipus sj)ongiosui)», (aiding in the mucous membrane of the 
ur(*t hra. I’Jiis is the verve to the bulb, 

1 iic dorsal nerve of the penis is the deepest division of the pudic nerve ; it 
accompanies the j)udic art(Ty along tlie ramus of the ischium ; it then runs 
forwards along the inn(*r margin of the ramus of the i)iibis, between the 
sup(‘rfic-ial and deep lay(‘rs of tlie triangular ligament. Piercing the superficial 
layer it gives a branch to the corpus cavernosum, and passes forwards, in 
comi)ajiy with the; dorsal artery of tlu; p(‘nis, between tlu; layers of the susptiiisory 
ligaimmtjOn to tlie dorsum of the ] amis, along which it is carried as far as the 
glans on which it ends. 

In the female tlu^ dorsal nerve* is V(*-r*y small, and sujrplicjs the clitoris. 

TJie visceral branches arise from tin* third and fourth, ajid sonrctim(*s 
from tlu^ second, sacial ncrv(*s and are distributed to tJre bladder and rectum 
and, in the female, to the vagina ; tiiey corrrmunicate with tire pelvic plexus(is 
of tire symi)atlieti(*. 

'The muscular branches ar<; derivc^d from the fourth sacral, sind supply 
the Levator ani, C-occygeus, and Sphirnder ani extcriuis. The branches to the 
Levator ani and CocM^ygeus ent(.*r their pelvic surfaces ; that to the Sphincter ani 
exteriius (perineal brand r) reaches the ischio-rectal fossa by piercing the 
Coceygeus or by passing betweciii it aiid tlie Levator ani. C^itancous fihinients 
from this branch supply the skin between the. anus and tJie coccyx. 

Avo-coccijgcal branches (rui. anicoccygei). — Tlu; fifth sacral nerve receives 
a communicating filament from tlie fourth, and uni t(*s with the coccygeal nerv(i 
to form what is kjiown as tlie coccygeal plexus (plexus co(‘cygeus). From this 
plexus tlie ano-coccyg(\‘il nc^rves take origin : they consist of a few fine filaments 
wdiich pierce the great sacro-scuatic ligament to supply the skin in the region 
of the coccyx. 

Applied Anatomy. — The* lumbar plexus pas>ses through the Psoas rnagnus, and therefore 
ill psoas abscess any or all of its branches may bo irritated, causirpr severe pain in the 
part to which the irritated nerves arc distributed. The genito-crural nerve is the one 
which is most frecpiontly implicated. Ihis nerve is also of importance as it is (!ori(;erned 
in one of the iirirnupal su]>eifi('.i}il reflexes omjiloyed in the investigation of diseases of 
the spinal cord. If the skin over 1 lie inner side of the thigh just below Poupart’s ligament, 
the j>art supjilied by the crural branch of the genito-crural nerve, be gently tickled in 
a male oliild, the testicle w’ill he noticed to be drawn ujiivards, through the action of the 
Cremaster mus(;le, sup})lJcd by the genital branch of the same nerve. The same result 
may sometimes be noticed in adults, and can almost always be produced by severe 
stimulation. This rcHex, when jinjsent, shows that the portion of the (;ord from which 
the first and sc<m >ud lumbar nerves are derived is in a normal condition. 

The anteriui ci iiral nerve is in danger of being injured in fractures of the true pelvis, 
since the fracture most commonly takes place through the ascending ramus of the 
pubis, at or near the point where this nerve crosses the bone. . It is also liable to be injured 
in fractures and dislocations of the femur, and is likely to be pressed upon, and its functions 
impaired, by some tumours growing in the pelvis. Moreover, on account of its superficial 
position, it is exposed to injury in wounds and stabs in the groin. It is also likely 
to be affected in cases of infantile paralysis. When this nerve is paralysed, the patient is 
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unable to flex his hip completely, on account of the paralysis of the lliacus ; or 
to extend the knee on the thigh, on account of paralysis of the Quadriceps extensor 
cnirif ; there is complete paralysis of the Sartorius, and partial paralysis of the Pectineus. 
There is loss of sensation down the front and inner side of the thigh, except in that 
part supplied by the crural branch of the genito-crural, and by the ilio-inguinal. There 
is also loss of sensation do\^Ti the inner side of tlio leg and foot as far as the ball of the 
great toe. 

The obturator nerve is rarely paralysed alone, but occasionally in association with the 
anterior crural. Tlie principal interest attached to it is in connection with its supply to 
the knee ; pain in the knee being symptomatin (if nuiiiy diseases in whi(;h the trunk of 
this nerve, or one of its branches, is irritated. Thus it is well known that in the earlier 
stages of hip-joint disease the patient does not complain of pain in that articulation, but 
on the inner side of the laice, (ir in the knee-joint itself, both these arti(;ulations being 
supplied by the obturator nerve, the final distribution of the nerve being to the 
knee-joint. Again, the same thing occurs in sacro-iliac; disease: pain is complained 
of in the knee-joint, or on its inner side. The ol)tura.l(>r nerve is in close rolationsJiip 
with the sacr(j-iliae articulation, passing over it, and, according to some anatomists, 
distrihuting tilanumls to it. Further, in canccT of the. ilio-j)elvic colon, and even in 
cases where masses of hardened fajces arc impacted in this portion of the gut, ]»ain 
is comiilaincd of in the knee. The left obturator nerve lies beneath the pelvic colon, 
and is readily pressed u])on and irritated when disease exists in this part of the intestine. 
Finally, pain in the knee forms an important diagnostic sign ir obturator hernia. The 
h(*rnial protrusion as it passes out through the opening in the obturator membrane presses 
upon llie nerve and causes })aiii in the parts sujiplied by its peripheral filaments. When 
the oliturator nerve is paralysed, tJic patient, is unable to press his knees together or to 
cross one leg over the other, on account of paralysis of the Adductor muscles. Kotation 
outwards of tJie thigh is impaired from paralysis of the ()l)turator externus. Sometimes 
there is loss of sensation in tlic upper half of the inner side of the thigh. 

1’he great sciatic iutvo is liable to be pressed upon by various forms of pelvic tumour, 
giving rise to pain along its trunk, to wJiich the term scia.ti(;a is applied. Tumours^'owing 
from t he ])elvic viscjcra, espi^cially advanced caiuter of the recituin, aneurysms of some of 
the branches of the internal iliac artery, calculus in the bladder when of large size, accjumii- 
lation of fa*ccs in the rectum, may all cause ]>ressure on the nerve inside the pelvis, and 
give rise to sciatica. Outside th(' jielvis viohmt movements of the hip-joint, exostoses 
or other tumours growing from tlui margin of the sacro-sciati(; foramen, may also give rise 
to the same condition. Most cases of sciatica, how ever, arc due to neuritis of the sciatic 
nerve from exposure to cold, and it o(K»urs more often in men than in wrimen, in the latter 
half of lif(\ and often in association with rheumal-ism, gout, or diabetes mellitus. 'i’he 
intlaiiK'd nerve is often sonsitiv(^ to pressure', x)articularly in certain ‘ tender sj>ots ’ ((‘.g. 
nemr the ]H)steri()r iliac sjune, at the sciatic notch, about the middle of the hack of the 
thigh, in tin*. ])oplit('a] space, below the head of the fibula, behind the malleoli, on 
Uic doj'suTU of the foot), and i)ain is felt whenever extension of the leg is attempted, and 
th(*. nt*rvc is stretched. Paralysis of the sedatic nerve is rarely complete ; when the lesion 
occurs high up there is palsy of the Jiiccjis, Semimembranosus, and Semiteiidinosus, and 
of th(‘ niUHc.les b(*low the knee. If the l(\sioii bo lower down, there is loss of motion in 
all the muscles below the knee, and loss of sonsationin tlie same situation, except the upper 
half of tiui hack of the log, whicdi is supplied by the small sciatic, and in the upper half 
of the inner side of the leg, when the communicating branch of the obturator is large (see 
jiage 1)74). Lesions of the external jioplitcal nerve cause i>aralysis of the Tibialis aiiticus, 
the Porunei, the long Extensors of the toes, and the slicwt Extensor on the dorsum of the 
foot. ‘ Foot-dro]) ’ follows, dorsal flexion of the toe^s and abduction of the foot bec'oming 
impossible. Later on talipes results, largely by the action of gravity and by the weight 
of the Hupcrincumhont bedclothes when tlie patient Jics in bed. 

The great sciatic»nerve has been frequently cut down u|)oii and stretched, or has been 
aciiimiudiired, for the relief of sciatica. In order to d(^finc it on the surface, a iioiiit is taken 
at the junction of the middle and lower thirds of a line stretching from the posterior superior 
spine of the ilium to the outer part of the tuber isehii, and a line drawn from this to the 
middle of the upjier part of the pojilitcal space. The line must be slightly curved with its 
convexity outwards, and as it passes downwards to the lower border of the Gluteus maxirnus 
is slightly nearer to the tuber isehii than to the grcfit trochanter, as it crosses a line drawn 
betw^een these two iioints. The operation of stretching the sciatic nerve is performed 
by making an incision over the course of the nerve about the centre of the thigh. The skin, 
superficial structures, and deeji fascia having been divided, the interval between the inner 
and outer hamstrings is to he defined, and these muscles pulled inwards and outwards 
respectively with retractors. The nerve will be found a little to the inner side of the liiceps. 
It is to be separated from the surrounding structures, hooked uji with the finger, and 
stretched by steady and continuous traction for tw'o or three minutes. The sciatic nerve 
may also be stretched by wdiat is known as the ‘ dry ’ plan. The patient is laid on his 
back, the foot is extended, the leg flexed on the thigh, and the thigh strongly flexed on the 
abdomen. While the thigh is maintained in this position, the leg is forcibly extended to its 
full extent, and the foot at* fully flexed on the leg. 
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The position ot the'extemal popliteal, close behind the tendon of the Biceps on tlj(‘ 
outer side of the ham, should be remembered in subcutaneous division of the tendon. 
After the tendon is divided, a cord often rises u]) c-lose beside it, which might *be mistaken 
for a small undivided portion of the tendon, and the surgeon might bo tempted to reintro 
duce his knife and cut it. ^Phis must never be done, as the cord is the external popliteal 
nerve, which becomes prominent as soon as the tendon is divided. Wlierc this nerve 
winds round the neck of the fibula, it is also liable to be severed accidentally if its exact 
situation is not kept in mind, and especial care must be used when dealing ^yith sinuses 
leading down to carious bone in this situation. Section of the nerve results in complete 
‘ foot-drop * from paralysis of the anterior tibial group of muscles and inversion of the 
foot from the unopposed action of the Tibialis posticus, the Peronei being paral^ed, 
together with antesthesia of the parts supplied by the nerve, and, owing to loss of nutrition, 
the limb frequently becomes blue and cold, and may develop ‘ trophic ’ sores. 


THE SYMPATHETIC NERVES 


The sympathetic nerves (fig. 816 ) are diwtributed to the viscera and 
blood-vessels * and are intirnattdy connected with the spinal and certain of 
the cranial nerves. Th(\v are charaetcuised by tlic pn^sence of nuiiieious 
ganglia which may be divided into tJir(‘o groups, central, collateral, and 
tfTiiiinal. 

Tiie central ganglia are arjangod in two vertical row's, onci on (Mlhev side 
of tlie middle line, vsituated partly in front and partly at the sides of th(^ 
vertebral column. Each ganglion is joined by intervening nervous trunks to 
adjacent ganglia so that two eliains or cords arc formed, the ganglintrd conLs 
of the. sympathetic. The collateral ganglia are found in connection with 
three prcverlchral plexuses, jdaeed w'ithin the tliorax, abdonu'n, and 

pelvis respectively, w'hilc the terminal ganglia are located in the w'alls of the 
viscera, f 

The gangliated cords (trunci sympalhici) extend fj om tJic base of tlie skull 
to the co(‘cyx. The cranial end of eacli is continued upwards through tlie 
carotid canal into tlie skull, and forms a plexus on the internal carotid artery ; 
the lower ends of the two (*oids converge and end in a single ganglioji, tlie 
ganglion impar, placed in front of the coccyx. The ganglia of each cord are 
distinguished as cervical, tlioracicj, lumbar, and sacral, and, exeeY)tin the nock, 
tliey closely correspond in number to tln^ vertebrae. They are ari'anged 
thus : 


Cervical portion . 
'^riioracic ,, 
Lumbar ,, 

8a(tral ,, 


3 ganglia 

12 „ 

4 „ 

4 or 5 ,, 


In the neck the ganglia lie in front of the transverse processes of the 
vertebra' ; in the thoracic r(*gion in front of the heads of the j-ibs ; in the 
lumbar region on the sides of the verttjbral bodies ; and in the sacral region 
in front of the sacrum. 

Connections with the spin^al nerves. —Communications arc establislied 
betw een the sympathetic and spinal nerves through w hat are^knowm as tJic grey 
and white rami cemimunicanics (fig. 790) ; tlic grey rami conveying sympathetic 
fibres into the spinal nervt\s and tlie w'hite rami transmitting spinal fibres 
into the symjiathetic. Each spinal nerve receives a grey ramus eominunicans 
from the gangliated cord of the sympathetic, but white rami are not supplied 
by all the spinal nerves. The white rami are derived from the first thoraeie 
to the first lumbar nerves inclusive, while the visceral branches w^hieh run from 
the second, third, and fourth sat^ral nerves directly to the pelvic plexuses of 
the sympathetic belong to this category. The fibres w'hicli reach tho 
sympathetic ilnough the w^hite rami coinmuni(5aiit<JS are rnedullated ; those 
w4jich spring from the crells of tlie sympathetic ganglia are almost entirely 
non-medullatcd. Tlu^ symjiathetic nerves consist of efferent and afferent 
fibres, the origin and course of w'hich are described on pages 944, 945. 

* See footnote, p. 0 1 L 

I The ciliary, sphono-palatine, otic, aiwl sulmiaxillary ganglia, already described in connection 
with the fifth cranial nerve, may be regaulcd as belonging to the sympathetic. 
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Cervico-cbphalic Portion of the Ganqliated Cord (fig. 817) 

The cervico-cephalic portion of eac^h gangliated cord (pars cephalica ct 
ce|vicalis b. sympathici) consists of three ganglia, distinguished, according 
to their position, as the superior, middle, and inferior cervical, connected by 
intervening cords. This portion of the sympathetic cord receives no white 
rami communicantcs from the crcrvical spinal nerves, its spinal fibres being 
derived from the white rami of the upper thoracic nerves, which enter the 
corresponding thoracic ganglia of the sympathetic, and through these ascend 
into the n(‘ok. 

Tlie superior cervical ganglion (ganglion cervic;alc superius), tlie largest 
of the three, is j)laced opposite the second and lliird cervical vertebrae It is 
of a rcddish-gi*ey colour, and usually fusiform in shape ; sometimes broad and 
flattened, and occasionally constricted at intervals ; it is believed to be formed 
by the coalescence of four ganglia, corresponding to the upjier four cervical 
nerves. It is in relation, in front, with the sheath of the internal carotid 
artery and infernal jugular vein ; behind, it lies on the Kecdus capitis anticus 
major muscle. 

• Its branches may be divided mto superior, inferior, external, internal, and 
anterior. 

The superior branch (n. caroticus iritcrnus) appears to be a direct 
prolongation of the ganglion. It is soft in texture, and of a reddish colour. 
It ascends by the side of the internal carotid artery, and, (‘ritcring the carotid 
canal in the temporal bone, divides into two branches, which lie one on the 
outer and the other on the inner side of that vessel. 

TInD outer branch, the larger of the two, distribut(‘s filaments to the internal 
caiotid artery, and forms the carotid plexu-s. 

The inner branch also distributes lilarrients to tlie internal carotid artery, 
and, continuing onwards, forms the cm)erno\is plexus. 

The carotid plexus (plexus caroticus inkunus) is situabid on the outer 
side of the internal carotid arfeuy. Filaimmts from this i)lexus occasionally 
form a small gangliforrn swelling (the carotid gaiiglion) on the under surface 
of the artery. The carotid xdexus coramuni(;ates with the Gass(uhm ganglion, 
the sixth nerve, and the spheno-palatirK^ ganglion ; it distributes filaments 
to the wall of tiie carotid artery, and also communicates with ilacobson's 
iKU’vc; (the tympanic bi’anch of tlie glosso-pharyngeal). 

The communicat ing branches with the sixth nerve consist of one or two 
filaments wliich join tliat nerve as it lies upon the outer side of the internal 
(rarotid. Tlie communication with the spheno-imlatine ganglion is effected by 
a branch, the large deep petrosal, given off from the ph'xus on the outer side of 
the artery; this branch passes through the cartilage filling U2> the foramen 
lacerum medium, and joins the great su])erficial petrosal to form the Vidian 
nerv(\ The Vidian nerve tJien proceeds through the Vidian canal to the spheno- 
palatiiH* ganglion. The communication with Jacobson's nerve is effected by 
two branches, one of which is called tlu^ A-mo/Z c/cep petrosal nerve, and the other 
1h(' carol ico-tym panic ; tlu; latter may cnnsist of two or three delicate filaments. 

Tlie cavernous plexus (plexus eavernosus) is situated below and internal 
lo that part of tlw; internal carotid artery which is idaec^hby the side of the 
sella tui(M(fa, in the <;avernous sinus, and is forrru'd chicdly by the internal 
division of the ascending branch from the suj)erior cervical ganglion. It 
(tommunioates with the third, the fourth, the ophthalmic division of the fifth, 
and the sixtli nervH?s, and with tin? ciliary ganglion, and distributes filanK'rits 
to the wall of the internal carotid. The branch of communication with the 
third u(*rv(^ joins that nerve at its point of division ; the branch to the fourth 
Jierve joins it as it lies on the outer wall of the cavernous sinus ; other 
filaments ar<‘ eonneeied with the under surface of th(^ trunk of the ophthalmic 
nerve ; and a s(‘v‘,ond filament of communication joins the sixth nerve. 

The filaments of connection with the ciliary ganglion (radicles syinpathicae 
ganglii ciliaris) arise fiom the anterior part of the cavernous plexus and enter 
the orbit through t he sx)henoidal fissure ; they may join the nasal branch of 
the ophthalmic nerve, or be (umtinued forwards as a separate branch. 

The terminal filaments from the carotid and cavernous x)lexuBes are 
prolonged along the internal carotid, forming plexuses which entwine round 
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the anterior and middle cerebral arteries and the ophthalmic; artery : along the 
fonnei* vessels, they may bc^ traced to the pia mater ; along the latter, into 
the mbit, wiiere they accompany each of the branches of the vessel. The 
filaments prolonged on to tiie anterior communicating artery connect the 
sympathetic nerves of the right and left sides. 

Tlie inferior branch communicates witli the middle cervical ganglion. 

The external branches are communicating, and consist of grey rami 
communicantes to the upper four cervical nerves and to (jcrtain of the crania] 
nerves. Sometimes tlui branch to the fourtli cervical nerve may come from 
the cord conn(;(;ting tlie upper and middle cervical ganglia. The branches 
to tlie cranial nerv(\s consist of delicate filaments, wJiieh run to the ganglion 
of th(^ trunk of Uhj pneumogastric, and to the hypoglossal nerve-. A sc^parate 
filament (nervus jugulnris) j)asses upwards to the base of the skull, and 
subdivides to join the petrous ganglion of the glosso-pharyjigcal, and the 
ganglion of the root of the pmnimogastric in the jugulaj* forainen. 

The internal branches are peripheraJ, and are tlie pharyngeal branches, and 
the superior cardiac nerve, 1 'he pharyngeal branches (rami laryngopharyiigei) 
pass inwards to tlie side of Hkj pliarynx, wlu'ie they join with branches from 
tlie glosso-f)liaryugcal, pneumogastric, and external laryngeal nerves to form 
the pharyngeal plexus. 

Tht^ superior cardiac nerve (n. cardiaeus superior) arises ])y two or more 
bran(;lies from ilu; sup(‘rior cervical ganglion, and occasionally recciv<;s a 
filament from the (jord of communk^ation betw(‘(m the first and second c(;rvical 
ganglia. It runs down tlie n<;(*k behind tlic common carotid artery, lying 
upon tlu‘ Longus colli muscle ; and crosses in front of the inf(‘rio)‘ thyroid 
artery, and recurrent laryngeal nerve. The course; of the nerves on the two 
sid(Ns then difieis. 

The* right verve, at the root of the neck, jiasses either in front of oi* behind 
the subclavian artery, and along the innominate artery to tlie back part 
of the arc.li of the aorta, wlicre it joins tlie deep caidiac jilexns. It is 
connected with other branches of the syinjiatlietic ; about the middle of the 
n<‘ck it receives filanKirits from the (‘xternal laryng(‘al nerve* ; lowea* down, 
one or two twigs from tlie 2>iicumogastrjc ; tind as it enters tlie; thorax it is 
joined by a filaTri(*nt from the recurrent laryngeal. Eilaments from the n(‘rve 
communicaie; with the thynhd branches from tlie middle cervical ganglion. 

The left nerve, in tin* chest, runs in front of tli<; left common carotid artery 
and across tin* left side of the arch of the aorta, to the sujierfieial e«ardiac 
plexus. 

The anterior branches ramify u])i)n the external carotid artery a-rul its 
branches, forming round each a delicate 2>lcxus, on the nerves eouiposirig 
whicli small ganglia are occasionally found. The jilexuses acconijiauying 
some of these aiteries have important communications with other nerves. 
That surrounding the facial artery communicates with the submaxillary 
ganglion by a filament ; and that accompanying tlu; middle meningeal artery 
sends an ofiset to the otic ganglion, and a se(;orid, the external superficial 
petrosal nerve, to the geniculate ganglion of tlu* facial nerve. . ^ 

The middle cervical ganglion (ganglion cervicale medium) is the emallesfc 
of the three cervical ganglia, and is occasionally altogether wanting. 
placed opposite the sixth cervical vertebra, usually upon, or close to, ^ 
inferior thyroid artery. It is probably formed by tlie coalescence of 
ganglia corresponding to the fifth and sixth cervical nerves. 

It is joined by grey rami communicantes to the fifth and sixth cervical 
nerves. 

It gives r)lf tlu; thyroid and the middle cardiac nerves. 

The thyroid branches are small filaments, which accompany the inferior 
thyroid artery to the thyroid gland ; they communicate, on the artery, with 
the superior cardiac nerve, and, in the gland, with branches from the recurrent 
and external laryngeal nerves. 

The middle cardiac nerve (n. cardiaeus medius), the largest of the three 
cardiac nerves, arises from the middle cervical ganglion, or from the cord 
between the middle and inferior ganglia. On the right side it descends behind 
£he con^mon carotid artery, and at the root of the neck runs either in front 
of or behind the subclavian artery ; it then descends on the trachea, receives 
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a few filaments from the recurrent laryngeal nerve, and joins the right half of 
the deep cardiac plexus. In the neck, it communicates with the superior 
cardiac and recurrent laryngeal nerves. On the left side, the middle cardiac 
nerve enters the chest between the left carotid and subclavian arteries, and 
joins the left half of th(j deep cardiac plexus. 

The inferior cervical ganglion (ganglion cervicale inferius) is situated 
between the base of the transverse process of llic last cervical vertebra and 
the neck of tlie first rib, on the inner side of the superior intcjreostal artery. 
Its form is irregular ; it is larger in size than the preceding, and is frequently 
joined with the first thoracic ganglion. It is i)robably formed by the 
coalescence of two ganglia which correspond to the last two cervical nerves. 
It is connected to the middle cervical ganglion by two or more cords, one of 
which forms a loop around tlic subclavian artery and su])plies offsets to it. 
This loop is nam<^d the ansa VicAiftscnii. 

The ganglion is joined to tlie seventh and cightli ccTvical nerves by grey 
rami communieantes. 

It gives off the inferior cardi«ac nerve, and offsets to blood-vessels. * 

The inferior cardiac nerve (n. eardiacus inferior) arises from the inferior 
cervical or first tiioracu^ ganglion. It p«as8es down behind tlie subclavian 
artery and along Ihe front of the trachea, 1* join the deep cardiac plexus. It 
cojnmunicatc^s freely behind the subclavian arleiy with the recurrent laryngcial 
and middle cardiac rierves. 

'Fhe ojfsels to blood-vessels accompany the vertebral artery, and foi*m a 
plexus around it ; this ])l(^xus supplies filaments to the vessel, and is continued 
uj) th(‘ vertebral and basilar to the cerebral and cerebellar arteries. 


Thouactc Portion the Gangliated Cord (figs. 816, 818) 

Tlie thoracic portion of the gangliated (;ord (pars thoracalis s. sympathici) 
consists of a s(nies of ganglia, which usually correspond in number to that 
of the vertebra^ ; but, from the occasional coalescence of two, their number 
is uncertain. The ganglia (ganglia thoracalia) are jdaced on either side of the 
vertebral column, resting against the heads of the I'ibs, and covered by the 
pleura costalis ; tlie last two, however, are more anterior than the rest, being 
placed on the sidi^s of tin* bodices of the eleventh and twelfth thoracic vertebrae. 
The ganglia are small in size, and of a greyish colour. The first, larger than 
the others, is of an elongated form, and frequently blended with the last 
cervical. They are connected together by the intervening portions of the 
cord. 

Two rami communieantes, one white and the other grey, connect each 
ganglion with its corresponding spinal nerve. 

The branches from the upper jive ganglia are very small ; tncy supply fila- 
ments to the thoracic aorta and its branches, and to the bodies of the vertebra? 
and their ligiaments. Branches from the second, third, and fourth ganglia 
^.enter the posterior pulmonary plexus. 

H The branches from the lower seven ganglia are large, and wiiitc in colour ; 

Sj^ey distribute filaments to the aorta, and uilite to form the three splanchnic 
^jBfves. These are named the great, tlie lesser, and the least splanchnic. 

The great splanchnic nerve (n. splanchnicus major) is wiiite in colour, firm 
texture, and is formed by branches from the. fifth to the ninth or tenth 
dioracic ganglia ; but the fibres in the higher roots may be traced upwards 
in the sympathetic cord as far as the first or second thoracic ganglion. These 
roots unite to form a cord of considerable size. It descends obliquely inwards 
in front of the bodies of the vertebra? along the posterior mediastinum, 
perforates the crus of the Diaphragm, and terminates in the semilunar ganglion 
of the solar plexus, distributing filaments to the renal and suprarenal plexuses, 
A ganglion (the ganglion splanchnicum) exists on this nerve opposite the 
eleventh or twelfth thoracic vertebra. 

The lesser splanchnic nerve (n. splanchnicus minor) is formed by filaments 
from the ninth and tenth, and sometimes the eleventh ganglia, and from the 
cord betw'een them. It piercies the Diaphragm wdth the preceding nerve, and 
joins the aortico-renal ganglion of the solar plexus. It communicates in the 
chest with the great splanchnic nerve, and ends in the solar plexus. 


3s 
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The least splanchnic nerve (n. splanchnicus iinus) arises from the last 
thoracic ganglion, and, piercing the Diaphragm, terminates in the renal plexus. 
It occasionally communicates with the preceding nerve. 

A striking analogy exists between the splanchnic and the cardiac nerves. 
The cardiac nerves are three in number ; they arise from all three cervical 


Fig. 818 . — ^Thoracic portion of the gangliatcd cord. Right side. 



ganglia, and arc distributed to a large and important organ in the thoracic 
cavity. The splanchnic nerves, also three in number, are connected probably 
witli all the thoracic ganglia, and are distributed to important organs in the 
abdominal cavity. 

Lumbar Portion of the Gangliated Cord (fig. 819) 

The lumbar portion of the gangliated cord (pars abdominalis s. sympathicl) 
is situated in front of the vertebral column, along the inner margin of the Psoas 
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magnus. It consists usually of four ganglia (ganglia lumbalia), connected 
together by interganglionic cords. It is continuous above with the thoracic 
portion beneath the internal arcuate ligament of the Diaphragm, and below 

Fra. 819. — ^Lumbar portion of the gangliatod oord, with the solar and hypogastric 
plexuses. (After Henle.) 
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with the sacral portion behind the common iliac artery. The ganglia are of 
small size, and placed much nearer the median line than are the thoracic 
ganglia. 

Grey rami communicantes connect all the ganglia with the lumbar spinal 
nerves. There may be two from each ganglion, but the arrangement is not 
so uniform as in other regions. The first find second, and sometimes tlie third, 
lumbar nerves send white rami eoinmunicantes to the upper two or three 
ganglia. From the situation of the luni])ar ganglia, these branches are longer 
than in the other regions. They {icoom])any the lumbar arteries around the 
sides of the bodies of the verti'bra', passing bimeath the fibrous arches from 
which some of the fibres of the Psoas arise. 

Of the hrnnehts of disirihnfion, some pass inwards, in front of the aorta, 
and help to form the aortic plexus. Other brancli(‘S descend in front of the 
common iliac arteries, and, joining ovcir the promontory of tlie sacrum, assist 
in forming the liypogastric plexus. Numerous delicah? filaments are also 
distributed to the bodies of the vertebra?, and th(^ ligaments conn(?(iting l-hcm. 

Pelvic Poktion of the Oancsliatkd Cokd 

The pelvic portion of tlie gangliated cord (y)ars pelvina s. sympathici) is 
situated in front of tJie sacrum, along the inner side of the anterior sacial 
foramina. It consists of four or five small ganglia (ganglia sacnalia) on eitJier 
side, connected together by interganglion ic cords, and continuous above with 
the lumbar j)ortion. Below, tliese cords (ionverge and unite on the front of 
the coccyx, by means of a small ganglion, the gamjUon impor. 

Grey rami communicantes pass from the ganglia to tlie sacral and coccygeal 
nerves. No white rami communieanles join this part of the gangliated cord, 
but the visceral branches wliich arisi? from th(‘ third and fourth, and some- 
times from the second, sacral are regarded as liomologous with whit<? i*ami 
communicantes. 

I^he hrmiches of distribution communicate on the front of tlie sacrum witli 
the coiTcspondiiig branches from the opposite side ; some, from the first two 
ganglia, pass to join the pelvic plexus, and others form a plexus, which aecom- 
paiiics tlio middle sacral artery and sends filaments to the coccygeal body. 

THE GREAT PLEXUSES OF THE SYMPATHETIC 

The great plexuses of tlie sympathetic are the large aggregations of norv(?s 
and ganglia, above alluded to, situated in the thoracic, abdominal, and pelvic 
cavities, and named tbc cardiac, solar, and hypogastric plexuses. They consist 
not only of sympathetic fibres derived from the ganglia, but of fibres from 
the central nervous system, wliieh are conveyed through the white rami 
communicantes. From the plexuses branches are given to the thoracic, 
abdominal, and pelvic viscera. 

Caudiac Plexus (figs. 816, 817) 

The cardiac plexus (plexus cardiacus) is situated at the base of the heart, 
and is divided into a superficial pari, which lies in tlie concavity of the arch 
of the aorta, and a deep part, which lies between the trachea and aorta. The 
two plexuses are, however, closely connected. 

The superficial cardiac plexus lies beneath the arch of the aorta, in front 
of the right pulmonary artery. It is formed by the superior cardiac branch 
of tlui left' sympathetic and the inferior cervical cardiac branch of the left 
vagus. A small ganglion, the ganglion of Wrisherg (g. cardiacum [WrisbergiJ), 
is occasionally found connected with these nerves at their point of junction. 
This ganglion, when present, is situated immediately beneath the arch of the 
aorta, on the right side of the ductus arteriosus. The superficial cardiac plexus 
gives branches (a) to the deep cardiac plexus beneath the arch of the aorta ; 
(6) to the right or anterior coronary plexus ; and (c) to the left anterior 
pulmonary plexus. 

The deep cardiac plexus is situated in front of the trachea at its bifurca- 
tion, above the point of division of the pulmonary arteiy, and behind the arch 
of the aorta. It is formed by the cardiac nerves derived from the cervical 
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ganglia of the Bympathetio, and the cardiac branches of the recurrent laryngeal 
and vagus. The only cardiac nerves which do not enter into the formation 
of tliis plexus are the superior cardiac branch of the left sympathetic, and 
th(^ inferior cervical cardiac branch from the left vagus, which pass to the 
superficial plexus. 

The branches from the right side of this plexus j)as8, some in front of, and 
others behind, tlie right pulmonary artery ; the former, the more numerous, 
transmit a few filaments to the anterior pulmonary plexus, and are then 
continued onwards to form part of the riglit coronary plexus ; those behind 
the pulmonary artery distribute a few filaments to the right auricle, and are 
tJien continued onwards to form part of the left coronary plexus. 

The left side of the phixus is connected witli the superficial cardiac plexus, 
and gives filaments to the left auricle of the Jieart, and to the anterior 
pulmonary plexus, and is then continued lo form the greater part of the left 
coronary plexus. 

The left coronary plexus (iJlexus coronarius posterior) is larger than the 
right, and aeeorn panics the left coronary artery ; it is (jhiefly formed by 
filaments })rolonged from tlu*. left side of the deep (jardiac plexus, and by a 
few from the riglit side. It gives braiKjhes to the left auricle and ventricle. 

Tlie right coronary plexus (plexus co^'ornirius anterior) is formed partly 
from the superficial and partly from the deep cardiac plexus. It accompanies 
the right coronary artery, and gives brandies to the right auricle and ventricle. 

ErroASTRTc ou Solar Plexus (figs. 819, 820) 

The epigastric or solar plexus supplies the viscera in the abdominal 
cavity. It consists of a great network of nerves and ganglia situated behind 
the stomach and lesser sac of the peritoneum, and in front of the aorta and 
crura of tho Diaphragm. It surrounds the codiae axis and root of the superior 
mesenteric artery, extending downwards as low as tlie pancreas, and outwards 
to the suprarenal glands. This plexus, and the ganglia e,onnected with it, 
receive the great and small splanchnic nerves of both sides, and some filaments 
from the right vagus. It distributes filaments, whidi accoinjiany, under the 
name of plexuses, all the brandies from the front of the abdominal aorta. 

Of the ganglia of whicdi the solar plexus is partly composed tho principal 
are the two semilunar ganglia (ganglia (udiaea) , which are situated one on 
eitlicr side of the plexus, and are the largest peripheral ganglia in the body 
They an^ large irrcsgular gangliform masses, formed by the aggregation of smaller 
ganglia, liaving interspace's bet wc^en them. They are situated in front of the 
crui'a of the Oiapliragm, (dose to the supranmal glands, that on tlie right 
side lying behind the inferior vena cava. Tlie upper part of each ganglion 
h- joined by liie great splandmic nc'rve, and to the inner side of (;adi the 
brandies of the solar phixus are connected. The lower portion of each semi- 
lunar ganglion is segmented ofi, and is naiiu'd tlie aortiro-rcnal ganglion. This 
receives the lesst^r splanchnic nerve, and gives off the greater part of the renal 
plexus. 

Prom the epigastric or solar plexus are derived the following : 

Phrenic or Diaphragmatic plexus. /Gastric plexus. 

Sujirarenal plexus. Codiae plexus i Hepatic plexus. 

Renal plexus. (Spkmie plexus. 

Spermatic plexus. Superior mesenteric plexus. 

Aortic plexus. 

The phrenic plexus (plexus phrenicus) accompanies the inferior phrenic 
artery to the Diaphragm, some filaments passing to the suprarenal gland. 
It arises from the upper part of the semilunar ganglion, and is larger on the 
right than on the left side. It receives one or two branches from the phrenic 
nerve. At the point of junction of the right phrenic plexus with the phrenic 
nerve is a small ganglion (ganglion 'phrenicum). This ganglion distributes 
benches to the inferior vena eava, the suprarenal gland, and the hepatic plexus. 
There is no ganglion on the left side. 

The suprarenal plexus (plexus suprarcnalis) is formed by branches from 
the solar plexus, from the semilunar ganglion, and from the plirtmic and great 
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splatiobnic nerves, a gangUon beix^ formed at the point of junction witk the 
latter n^ve. The plexus suppli^ the suprarenal gland, being difftribut^ 
chiefly to its medullary portion ; its branches are remarkable for their large 
size in comparison'' with that of the organ they supply. 

The renal plexus (plexus ronalis) is formed by filaments from the solar 
plexus, the lower part of the semilunar ganglion (aortico-renal ganglion), 
and the aortic plexus. It is Joined also by the smallest eplanchnic nerve. 
The nerves from these sources, fifteen or twenty in number, have numerous 
ganglia developed upon them. They accompany the branches of the renal 

Fig. 820. — ^The semilunar ganglia with the sympathetic plexuses of the abdominal 
viscera radiating from tin ganglia. (From Toldt’s ‘ Atlas,’ published by Messrs. 


Bebman. Ltd., London.) 
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In the female, the ovarian plexus (plexus ovarious) cu^es like the spenuitio 
plexus, and is distributed to the ovary, and fundus of the uterus. 

The coeliac plexus (plexus cosliaous), of large size, is a direct continuation 
from the solar plexus : it surrounds the coeliac axis, and subdivides into the 
gastric, hepatic, and splenic plexuses. It receives branches from the lesser 
splanchnic nerves, and, on the left side, a filament fi om the right vagus. ^ 

Tile gastric or jcormuiry plexus (plexus gastricus superior) accompanies the 
gastric artery along tlio lesser curvature of the stomach, and joins with branches 
from the left vagus. 

I'lic hepatic phxus (plexus hepaticus), the largest offset from the coeliac 
plexus, receives filaments from the left vagus and right phrenic nerves. It 
accompanies the hepatic artery, ramifying upon its brandies, and upon those 
of the portal vein in the substance of the liver. 

liranehes from this plexus accompany all the divisions of tlie hepatic 
artery. Thus there is a pyloric plexus on the pyloric branch of the hepatic, 
vhich joins with the gastric plexus and va/ i nervess. There is also a gasiro- 
<iy()(l(nal phxus, subdividing into the puncrtatico-duodcnal plexus, which 
accompanies tlie supeiior })ancreatico-duodenal artery, to su])j)ly the pancreas 
and duodenum, and joins witli brandies from th(‘ mesenteric plexus ; and the 
gasiro-epiploic phxus, whidi accom])ani<‘s the right gastro-epiploie arteiy 
along the greater curvature of the stomach, and unites with brandies from the 
sjilenic plexus. A cystic phxus, wliidi supplies the gall-bladder, also arises 
from the Jiepatie pl(‘\us, near tlu* liver. 

'rile splenic phxus (plexus lienalis) is forimd by branches fi'om the eediac 
])lexuR, the left semilunar ganglia, and from the right vagus nerve. Jt accom- 
panies tlie splenic artery and its brandies to tlu‘ substance of the sph'eii, giving 
off, in its course, filaments to tiie jianereas (pancreatic phxuts), and*the left 
gasifO’f piploic plexus, wliidi aceomjianies the left gaslro-epiploie arti‘ry along 
the gr(*aler curvature of tlie stomach. 

Tlio superior mesenteric plexus (])lexiis mcsenlericus superior) is a 
continuation of the lower part of the solar jilexus, receiving a branch from tlu^ 
junction of the riglit vagus iKTve with the ecehac ])lexus. It surrounds Die 
siijierior mesenteric ai tery, ae(*oiii panics it into the mesentery, and divides into 
a number of si‘condary plexuses, wliidi aie distributed to all tlK‘ jiaits supplied 
by the aitiuy, viz. paiiereatie brandies to tlie paiieic^as ; inti'stiiial brandies 
to the small mtc'stiue ; and ileo-eolie, right (‘olie, and middle colic brandi(‘s, 
wbidi supply the eorres ponding parts of tlie gieat intestine. The neive^ 
composing this plexus ai<‘ white in eoloui- and firm in t(‘xtuie ; in the u])per 
part of the jilexus dose* to tlie origin of the siipiTior nussenterie artery is a 
ganglion (ganglion inese nh ricum sujyn'ius). 

The aortic plexus (plexus aortieus abdoiiiimilis) is formed by brandies 
derived, on either side, from the solar plexus and the semiluiuir ganglia, and 
receives filaments from some of the lumbar ganglia. It is situated u])oii the 
sides and fiont of the aorta, betwecui the oiigins of tlie superior and inferior 
uiesent«‘ric arteries. Fi’om tliis ph^xus arise jiait of the sperniatie, the inferior 
mesenteric, and the hyjiogastrie plexuses ; it also distributes filaments to 
the inferior vena cava. 

The inferior mesenteric plexus (plexus inesimterieus inferior) is derived 
chiefly from the left side' of the aortic })le'xus. It surreiunds tlie infe^rior me'sen- 
teric artery, and divides into a number eif secondary ph'xuses, wliidi arc 
distributed to all the jiarts supplie'd by the artery, viz. tlie lejt colic and sigmoid 
plexuses, which supply the descending and iliei-pelvic parts of the colon ; and 
the superior htxrtiorrhoidal phxus (jilexus liaunorrhoidalis superior) whidi 
supplies the rectum and jeiiiis in the' pelvis with brandies from the pelvic 
plexuses. 

Hypogastric Plexus (fig. 816 ) 

The hypogastric plexus (plexus hypogastricus) is situated in tront of the 
promontory of the sacrum, betwve'n the two common iliac arteries, and is 
formed by the union of numerous filaments, whidi descend on either side fioiii 
the aortic plexus, and from the lumbar ganglia. This plexus contains no 
evident ganglia ; it bifurcates, below, into two lateral portions w hich form the 
pelvic 2dexus€s, 
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Pelvic Plexuses (fig. 816 ) 

The pelvic plexuses supply Die viscera of the pelvic cavii y, and are situated 
at the sides of the rectum in the male, and at the sides of the rectum and vagina 
in the female. They are formed on either side by a continuation of the 
hypogastric plexus, by the visceral branches from tJie second, third, and 
fourth sacral nerves, and by a few filaments from the first two sariral ganglia. 
At the points of junction of these nerves small ganglia are found. From these 
plexuses numerous branches arc disiributed to the viscera of the pelvis. They 
accompany the branches of the internal iliac artery. 

The middle haemorrhoidal plexus (plexus ha>morrhoidalis medius) arises 
from the upper part of the pelvic plexus. It supplies the rectum, and joins 
with bramjhes of the superior iia?morrhoidal plexus. 

The vesical plexus (plexus vesicalis) arises from the fore-part of the pelvic 
plexus. The nerves composing it arc numerous, and contain a large pro- 
portion of spinal nerve-fibres. They accompany tln^ vesical arteries, and are 
distributed to the side and base of the bladder. Numerous filaments also 
pass to the vesicula seminalis and vas deferens ; those accompanying the 
vas deferens join, on the spcTinatic cord, with branches from the spermatic 
plexus. 

The prostatic plexus (plexus prostaticus) is continued from the lower ptirt 
of tile pelvic plexus. The nerves (iomposing it are of large size. They are 
distribuliid to the jirostate gland, vesicula? semiriales, and crectih' structure 
of the penis. The nerves supplying the erectile structure of the penis consist 
of two* sets, the small and largo cavernous nerves, which arise from the fore- 
part of the prostatic plexus, and, after joining with branches from the internal 
pudic nerve, pass forwards b(‘neatli the pubic arch. 

The small cavernous nerves (nn. cavernosi pc^nis minores) perforate the 
fibrous covering of the penis, near its root. 

The large cavernous nerve (n. eavernosus penis nifijor) passes forwards along 
the dorsum of the penis, joins with the dorsal n<Tve of the penis, and is 
distributed to the corpora cavernosa and coi pus spongiosum. 

The vaginal plexus (plexus vaginalis) arises from tlie lower part of the 
pelvic plexus. It is distributed to th(‘ walls of the vagina, to the erectile tissue 
of the vestibule, and to tlie clitoris. The nervt‘s composing this plexus contain, 
like the vesical, a large proportion of spinal nerve-fibres. 

The uterine plexus (plexus uterinus) accompanies tlie uterine artery to the 
side of the utiuus, between the lay(*rs of the broad ligament ; it communicates 
with the ovarian plexus. 

Applied Anatomy . — Little is known as to the connection between the numerous mitTo- 
scopical alterations (pigmentation, atrophy, luemorrliagc, fibrosis) that have been described 
in the sympathetic nervous system, and the functional changes that- ensue therefrom. 
Grosser lesions due to stabs, bullet-wounds, or the pressure of new growths, may cause 
either irritative or paralytic symptoms. In paralysis of the cervical sympathetic on one 
side, the pupil is small and does not dilate when shaded or on the instillation of cocaine, 
although it contracts still further when brightly illuminated ; it also loses the cilio-sjnnal 
reflex, failing to dilate when the skin of the neck is pinched. ITie palpebral fissure narrows 
from paralysis of the involuntary miisclc of the eyelid, and the eyeball sinks backwards 
into the orbit — enophthalmus — either from paralysis of Mullers oS?bital muscle which 
closes the spheno-maxillary fissure, or from wasting of the intra-orbital fat. The super- 
ficial vessels of the face and scalp arc at first dilatocl, but later they contract. Anidrosis, 
or absence of sweating, is often noted on the affected side. Irritaiion of the cervical 
sympathetic produces signs mainly the converse of those described above. We have no 
definite knowledge of the signs and 83nnptoms that follow lesions of the thoracic or 
abdominal sympathetic systems. It is likely, however, that a number of nervous disorders 
chjiractcrised by persistent vascular disturlmnces, such as dilatation of the vessels with 
throbbing, flushing, sweating, and localised oedema, or contraction of the vessels with 
pallor, chilliness, pain, and malnutrition of the affected parts, are due to implication of 
the sympathetic nervous system. It is possible, too, that the rare condition of progressive 
facial hemiatrophy., coming on between the ages of ton and twenty, and producing 
marked unilateral shrinkage of all the tissues of the face, is primarily an affection of the 
sympathetic. 
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ri’lHE organs of ihe senses (organa sensuum) are five in number : viz. those 
X of Touch, of Taste, of Smell, of Sight, and of Hearing. Tlie skin, which 
is the principal s(^at of tlie scmse of touch, has been described in the section 
on Histology. The remaining four are the organs of special sense. 


0 ROANS OF ^i ASTE 


The peripheral organs of the sense of ta.-^c consist of certain flask-shaped 
groups of modified (;pithelial cells termed iaste-buds, which are found on the 
tongue and adjacent parts. 

Fro. 821. — Section of part of the papilla foliata 
ofarabbil. (Magnified.) 


They occupj^ nests in tlie 
s t rat ifi ed (* pi theli urn, and 
are present in large numtxirs 
on the sides of tlie circum- 
vallate papillsc (fig. 821), and 
to a 1(\S8 extent on their 
opposed walls. Tliey arc also 
found on the fungiform 
papillae over the back part 
and sides of tlie tongue, and 
in tlie general epitlielial 
covering of the same areas. 
They are very plentiful over 
the fiinbriic lingua^, and are 
also present on the under 
aspc(;t of tlie soft palate, and 
on the posterior surface of 
the epiglottis. 

Structure. — Each taste- 
bud is flask-like in shape 
(fig. 822), its broad base 
resting on the corium, and 
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Fia. 822. — Taste-bud, highly magnified. 

Gustatory porr and 
, gustatory hairs 


its neck opening by an orifice, the 
gustatory pore, between tll(^ cells 
of the epithelium. The bud is 
formed by two kinds of cells : 
supporting cells and gustatory 
cells. The supporting cells are 
mostly arranged like the staves 
of a cask, and form an outer 
envelope for the bud. Some, 
however, are found in the interior 
of the bud between the gustatory 
cells. The gustatory cells occupy 
the central portion of the bud ; 
they are Bjiindle-shaped, and eacdi 
possesses a lai’ge spherical nucleus 
near the middle of the cell. The 
peripheral end of the cell termi- 
nates at the gustatory pore in a fine hair-like filament, ihegitstatoryJtair. The 
central process passes towards the deep extremity of the bud, and there ends 
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in a single or bifurcated varicose filament, which was formerly supposed to be 
continuous with the terminal fibril of a nerve ; the investigcations of LenhosB6k 
and others would seem to prove, however, that this is not so, but that the 
nerve-fibrils after losing their medullary sheaths enter the taste-bud, and 
terminate in fine extremities between the gustatory cells. Other nerve-fibrils 
may be seen ramifying between the supporting cells and terminating in fine 
extremities ; these, however, are believed to be nerves of ordinary sensation 
and not gustatory. 

Nerves of taste . — The chorda tyini)ani nerve, derived from the sensory root of the 
facial, is generally regarded as the nerve of i-aste for the anterior two-thirds of the tongue ; 
the nerve for the posterior third is the glosso-pharyngeal. 


THE NOSE 

The nose is the peripheral organ of the sense of smell : by means of the 
peculiar properties of its nerves, it protects the lungs from the inhalation of 
deleterious gases, and assists tlie organ of taste in discriminating the properties 
of food. 

The organ of smell consists of two parts : an external, tlie outer nose, 
which jirojects from the centre of tlie face ; and an internal, the cavum nasi, 
Avhich is divided by a septum into right and left nasal fossw. 

The outer nose (nasus externus) is pjTamidal in form, and its upper angle 
or root is connected directly with the forehead. Its base is perforated by two 
elliptical orifices, the nares, separated from each otlier by an antero-postcrior 


Fia. 823. — Cartilages of the nose. 
Side view. 


Fig. 824. — Cartilages of the nose, 
seen from below. 




septum, the columna, Tlie margins of the 
nares are provided with a number of stiff hairs, 
or vibrissce, w'hich arrest the passage of foreign 
substances carried with the current of air in- 
tended for respiration. The lateral surfaces of 
the nose form, by their union in the middle 
line, tlie dorsum •nasi, the direction of which 
varies considerably in diflerent individuals ; 


the upper part of the dorsum is supported by 
the nasal bonces, and is named the bridge. The lateral surface terminates below 
in a rounded eminence, the ala nasi. 


The nose is composed of a framework of bones and cartilages, the latter 
being slightly acted upon by certain muscles. It is covered by the integument, 
lined by mucous membrane, and supplied with vessels and nerves. 

The hmy framework occupies the upper part of tlie organ ; it consists of 
the nasal bones, and the frontal processes of the maxillae. 

The cartilaginous framework consists of five pieces, the two upper and the 
tw^o lower lateral cartilages, and the cartilage of the septum (figs. 823, 824, 826). 

The upj)er lateral cartilage (cartilage nasi lateralis) is situated below the 
free margin of the nasal bone, and is fiattened, and triangular in shape. Its 
anterior margin is thicker than the posterior, and is continuous above with the 
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cartilage of the septum, but separated from it below by a narrow fissure. Its 
posterior margin is attached to the nasal bone and the frontal process of the 
maxilla. Its inferior margin is connected by fibrous tissue with the lower 
lateral cartilage ; one surface is turned outwards, the other inwards towards 
the nasal cavity. 

The lower lateral cartilage (cartilage alaris major) is a thin, fiexible plate, 
situated immediately below the prccSiing, bent upon itself in such a manner 
as to form the inner and outer walls of the naris of its own side. The portion 
which forms the inner wall (crus mediate) is thicker than the rest, and loosely 
connected with the corresponding portion of the opposite cartilage, to form 
a part of the columna ; the opposed inferior borders form, wuth the tliickened 
integument and subjacent tissue, the septum mobile nasi, l^he part wliich 
forms the outer wall (ertis latcrale) is curved to correspond with the ala of the 
nose ; it is oval and flattened, narrow behind, where it is connected with the 
frontal process of the maxilla by 
a tough fibrous membrane, in 
which are found three or four 
small cartilaginous plates, tlie 
cartilagines alaresminores. Above, 
it is connected by fibrous tissue 
to the upper Integral cartilage and 
front jmrt of the cartilage of the 
septum ; below, it falls short of 
the margin of tlie nostril, the ala 
being completed by fatty and 
fibrous tissue covered by skin. In 
front, the lower lateral cartilages 
ai'e separated by a notch which 
corresponds with the jjoint of the 
nose. 

The cartilage of the septum 
(cartilage septi nasi) is somewhat 
quadrilateral in form, thujker at 
its margins than at its centre, and 
completes the separation between 
the nasal fossa; in front. Its 
anterior margin, thickest above, is connected with the nasal bones, and is 
continuous with the anterior margins of the two upi>cr lateral cartilages ; 
b(;low, it is connected to the inner portions of the lower lateral cartilages by 
fibrous tissue. Its posterior margin is connected with the perpendicular 
plate; of the ctlimoid ; its inferior margin witli the vomer and the palatal 
pi</(3esses of the maxilla;. 

It ma})^ be prolonged backwards (esi)ccially in children) for some distance 
betw'een the vomer and perpendicular plate of the ethmoid, forming what is 
termed the processus sphe.uoidalis. The septal cartilage does not reach as 
far as the lowest part of the nasal septum. This is formed by the inner 
portions of the lower lateral cartilages and by the skin ; it is freely movable, 
and lienee is termed the septum mobile nasi. 

The various earlilages are connected to eacli other, and to the bones, by a 
tough fibrous membrane, which allows the utmost facility of movement between 
them. 

The m>uscles of the nose have been described on pages 403, 464. 

The iirtegumerit covering the dorsum and sides of the nose is thin, and loosely connected 
with the subjacent parts ; but wliere it forms the tip and the also of the nose it is thicker 
and more firmly adherent, and is furnished with a large number of sebaceous follicles, tlie 
orifices of which are usually very distinct. 

The arteries of the outer nose are the lateralis nasi from the facial, and the inferior 
artery of the septum from the superior coronary, which supply the alse and septum ; 
the sides and dorsum being supplied from the nasal branch of tlie ophthalmic and the 
infra-orbital branch of the internal maxillary. The veivs terminate in the facial and 
ophthalmic. 

The nerves for the muscles of the nose are derived from the facial, while the skin reoei^ 
branches from the infra-tiochlear and nasal branches of the ophthalmic, and from the 
infra-orbital. 


Ficj. 825. — Bones and cartilages of septum of 
nose. Right side. 
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Nasal fosss. — The nasal fossa) are two irregular cavities situated one on 
either side of the mesial plane. They open in front througli the nares, and 
communicate behind through the choanae with the naso-pharynx. The nares 
are somewhat poar-sliaped apertures, each measuring about one inch antero- 
posteriorly and half an inch transversely at its widest part. The cheaiice are 
two oval openings which are smaller in the living or recent subject tlian in 
the skeleton, because they are narrowed by the mucous membrane. Each 
measures an inch in the vertical, and half an inch in the transverse direction 
in a well-developed adult skull. 

For the description of the bony boundaries of the nasal fossaB, see page 275. 

Inside the aperture of the nostril is a slight dilatation, the vestibule 
(vestibulum nasi), bounded externally by the ala and outer plate of the lower 
lateral cartilage, and internally by the mesial plate of the same cartilage. 
It is lined by skin, and contains liairs and sebaceous glands, and extends as 
a small pouch, the ventricle, towards the point of tlie nose. The fossa, above 


Fig. 820. — Outer vvalJ of nasal fossa. 



Orifice of Mustachian tube I^'nssa of 

Jioseninii/ler 


and behind the vestibule, is divided into two parts : an olfactory portion (regio 
olfactoria), consisting of the superior turbinated process and the opposed part 
of the septum, and a res'piratory portion (regio respiratoria), which comprises 
the rest of the fossa. 

Outer uxill (figs. 826, 827). — The sphenoidal air-sinus opens into the recessus 
spheno-etlimoidalis, a narrow recess above the superior turbinated process. 
The posterior ethmoidal cells open into the front and upper part of the 
superior meatus. On raising or cutting away the middle turbinated bone the 
outer wall of the middle meatus is fully exposed, and presents (1) a rounded 
elevation, the bulla cthmoidalis, opening on or immediately above which are 
the orifices of the middle ethmoidal ceUs ; (2) a deep, narrow, curved groove, 
in front of the bulla ethmoidalis, termed the hiatus semilunaris, into the lower 
part of which the antrum of Highmore opens, the orifice being placed near the 
roof of the antrum. The middle meatus is prolonged, above and in front, into 
the infundibulum \ this leads into the frontal sinus, and into it the anterior 
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ethmoidal cells open. The anterior extremity of the meatus is continued into 
a depressed area, lying above the vestibule and named the atrium meatus 
medii. The nasal duct opens into the anterior part of the inferior meatus, 
the opening being overlapped sometimes by a fold of mucous membrane. 

Inner wall (fig. 825). — ^The inner wall or septum is frequently more or less 
deflected from the mesial plane, t hus lessening the size of one fossa and mcrcasing 
that of the other. Kidg(^s or spurs of bone growing outwards from the septum 
are also sometimes present. Immediately over the incisive foramen at the lower 
edge of the cartilage of the septum a depression, tlu^ naso-palatine recess, may 
be seen. In the septum close to this recess a minute orifice may be discerned : 
it leads backwards into a blind pouch, the rudimentary organ of Jacobson 
(organon vomeronasale), which is su})ported by a strij) of cfirtilage, the cartilage 
of Jacobson (eartilago vomeronasalis) . This organ is well-developed in many 
of the lower animals, where it apparcuitly plays a part in the sense of smell, 


Fio. S27.- 


-Oulcr wall of nasal fossa ; the turbinated processes of the ethmoid and 
the inferior turbinated bone have been removed. 
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since it is supplied by twigs of the olfacdory nerve and lined by epithelium 
similar to that which lines the olfactory region of the nose. 

The mucous membrane lining the nasal fossse is sometimes called the 
Schneiderian membrane, from Sclmcider,* who first showed that the nasal 
secretion proceeded from the mucous membrane, and not, as was formerly 
imagined, from the brain. It is intimately adherent to the periosteum or 
perichondrium over which it lies. It is continuous with the skin through the 
anterior nares, and with the mucous membrane of the naso-pharynx through 
the posterior nares. From the nasal fosste its continuity with the conjunediva 
may be traced, through the nasal duct and lachrymal canals ; and with the 
frontal, ethmoidal, and sphenoidal sinuses, and the antrum of Highmore, 
through the several openings in the meatuses. The mucous membrane is 
thickest, and most vascular, over the turbinated bones and processes. It is 

• Conrad Victor Schneider, 1G14-1680, Professor of Anatomy at Wittemberg. 
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also thick over the septum ; but it is very thin in the meatuses and on the 
floor of the nasal fossae. Where it lines the various sinuses it is thin and pale. 


Fio. 828 . — Coronal section of nasal fossae. 
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Owiu^ to the ^reat thickness of this membrane, the nasal fossae are much 
narrower, and the middle turbinated process and inferior turbinated bone 
appear largcjr and more? prominent than in the skeleton. From the same 
circumstance, also, the various apertures communicating with the meatuses 
are considerably narrowed. 


Fto. 820. — S(*ction of the olfactory mucous membrane. fOadiat.) 



a. Slplthcliuni. b. G ItmQs of Bowmnn. c. Ncnr>biind]e»>. 


Structure of the mucotLs membrane (fig. 829).— The epithelium covering the 
mucous membrane differs in its character according to the functions of the part 
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of the nose in which it is found. In the respiratory region it is columnar and 
ciliated. Interspersed among the columnar cells are goblet or mucin cells, while 
between their bases are found smaller pyramidal cells. Beneath the epithelium 
and its basement membrane is a fibrous layer infiltrated with lymph-corpuscles, 
so as to form in many parts a diffuse adenoid tissue, and under this a nearly 
continuous layer of smaller and larger glands, some mucous and some serous, 
the ducts of which open upon the surface. In the olfactory region the mucous 
niembrane is yellowish in colour and the epithelial ceslls are columnar and non- 
ciliated ; they are of two kinds. 

supporting cells and olfactory Fin. 830. — Nerves of septum of nose, 

cells. The supporting cells con- ^ Right side, 

tain oval nuclei, which are 
situated in the deeper parts of 
the cells and constitute the zone 
of oval nuclei ; the outer part of 
the cell is columnar, and con- 
tains granules of yellow pigment, 
while its deeper portion is pro- 
longed as a delicate process which 
ramifii's and communicates with 
similar processes from neighbour- 
ing cells, so as to form a network 
in tlie mucous membranii. Lying 
between these cc.utral firoccsscs 
of the supporting colls are a 
number of spindle-shaped cells, 
the olfactory cells, each consisting 
of a large spherical nucleus 
surrounded by a small amount of 
granular protoplasm, and possfsssing two processes, one of which runs outwaids 
between the columnar epithelial (Jidls, and jirojects on the surface of the mucous 
nnimbrane as a fine, hair-like process, tlic olfactory hair ; the otJier or deej) 
process runs inwards, is froqucmtly beaded, and is continuous with one of tlie 
filaments of the olfaijtory nerve. Beneath the ef)ithelium , and extending tlirough 
the tliickness of the mucous membrane, is a layer of tubular, often branched, 
glands, the glands of Bowman, idontuuil in structure with serous glands. 

Vessds and Nme-s.—Tha arteries of tho nasal foas!x> are the anterior and posterior 
ethmoidal branches of the ophthalmic, which supply the ethmoidal cells, frontal sinuses, 
and roof of the nose ; the sphono-palatine branch of tho initsrnal maxillary, which supplies 
the raucous membrane covering the turbinated processes and inferior turbinated hone, the 
meatuses and septum ; the inferior artery of the septum, from the superior coronary of 
the facial ; the infra-orbital and alveolar branches of the internal maxill try, which supply 
tho lining membrane of the antrum ; and the pterygo-palatine branch of the same artery, 
distributed to the sphenoidal sinus. The ramifications of these vessels form a close 
plexiform network, bene<ath and in tho substance of the mucous membrane. 

The veins of tho nasal fossa) form a close cavernous network beneath the mucous 
membrane. This cavernous appearance is especially ^well marked over tho lower part of 
the septum and over the middle turbinated process and inferior turbinated bone. Some 
of tho veins open into the spheno-palatine vein ; others join the facial vein ; some 
accompany the ethmoidal arteries, and terminate in the ophthalmic vein ; and, lastly, 
a few communicate with the veins in the interior of the skull, through the foramina in 
tho cribriform plate of the ethmoid bone, and the foramen caecum. 

The lymphatics have already been described (page 770). 

The nerves of ordinary sensation are, the nasal branch of the ophthalmic, filaments 
from the' anterior dental branch of tho superior maxillary, the Vidian, the naso-palatine, 
the large or anterior palatine, luid nasal branches of MeckePs ganglion. 

The nasal branch of the ophthalmic distributes filaments to the fore-part of the septum 
and outer wall of tho nasal fossas. Filaments from the anterior dental branch of the 
superior maxillary supply the inferior meatus and inferior turbinated bone. The Vidian 
nerve supplies the upper and back part of the septum, and superior spongy bone ; and 
the upper nasal branches from the spheno-palatine ganglion have a similar distribution. 
Tho naso-palatine nerve supplies the middle of the septum. The large, or anterior 
palatine, nerve supplies the lower nasal branches to the middle turbinated process and 
inferior turbinated bone. 

The o2/(ic/ory, the special nerve of the sense of smell, is distributed to the olfactory region. 
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Accessory Sinuses of the Nose (figs. 826, 827, 828) 

The accessory sinuses or air-cells of the nose arc the frontal, ethmoidal, 
sphenoidal and maxillary ; they vary in size and form in different individuals, and 
are lined by mucous membrane directly continuous with that of the nasal fossae. 

The frontal sinuses, situated behind the superciliary ridges, are rarely sym- 
metrical, and the septum between them frequently deviates to one or other side 
of the middle line. Their average measurements are as follows : height, 1^ in. ; 
breadth, 1 in. ; depth from ludore backwards, 1 in. Each opens into the anterior 
part of the correspondiug miildle meatus of the nose through the infundibulum 
which traverses the anterior part of the lateral mass of the (ithmoid. Absent 
at birth, they aie generally fairly well-developed between the ninth and twelfth 
years, but only reach their full size after puberty. 

The ethmoidal air-cells consist of numerous thin-walled cavities situated in the 
lateral masses of the ethmoid and completed by the frontal, maxilla, lachrymal, 
sphenoid, and palate. They lie between the u])per parts of the nasal fossae 
and the orbits, and are separated from these cavities by thin bony laminoe. They 
are arranged in thrcHi groups, anterior, middle, and posterior. The anterior and 
middle groups open into the middle meatus of the nose, the former by way of the 
infundibulum, the latter directly oji or above the bulla ethmoidalis. The posterior 
cells open into the superior meatus under cover of the superior turbinated process; 
sometimes one or more of them opens into the sphenoidal sinus. 

The sphenoidal sinuses contained witldn the body of the sphenoid vary in size 
and shape; owing to the lateral displacement of the iiit(*rvening septum they are 
rarely symmetrical. 'J'ln*. following are their average imiasurements : vertical height 
J in. ; (transverse breadth J in. ; antero-posterior depth I in. When exceptionally 
large they may extend into the roots of the pterygoid processes or greater wings, 
and may invade the basilar process of the occipital. Each sinus communicates 
with the recessus splieno-ethmoidalis by means of an aperture in the upper part of 
its anterior wall. Their development does not begin until about the eighth year. 

The maxillary sinus or antrum of Highmore, the largest of the accessory 
sinuses of the nos(?, is a pyramidal cavity in the body of the maxilla. Its base is 
formed by the outer wall of tlie nasal fossa, and its apex extends hi to the zygo- 
matic process. Its roof or orbital wall is frecpiently ridged by the infra, -orbital 
canal, while its floor is fornuid by the alveolar process and is usually on a level 
with the floor of the iiost* ; projecting into the latter arc several conical elevations 
(corresponding with the roots of tlie first and S(»cond molar teeth, and in some eases 
the floor is perforated by one* or more of these roots. The size of the sinus varies 
in different skulls, and even on the two sides of the same skull. The following 
measurements are those of an average-sized antrum : vertical height opposite the 
first molar tooth IJ in. ; transverse bneadth 1 in. ; antero-posterior depth in. 
In the antero-superior part of its base is an opening through which it communicates 
with the lower part of the hiatus semilunaris ; a second orifice is frequently seen 
in, or immediately behind, the hiatus. The maxillary antrum appears as a shallow 
groove on th(5 inner sujface of the bone about the fourth month of foetal life, but 

docs not reach its full size until after the second dentition.* 

• 

Applied Aiuitomy . — Instances of congenital deformity of the nose are occasionally 
met witli, such as complete absence of the outer nose, an aperture only being present ; 
or perfect development on one side, and suppression or malformation on the other. 
Deformities which have been acquired are much more common, sucli as flattening of the 
nose, the result of syphilitic necrosis ; or imperfect development of the nasal bones in 
cases of congenital syphilis ; or a lateral deviation of the nose may result from fracture. 

The skin over the ala* and tip of the nose is thick and closely adherent to subjacent 
parts ; inflammation of this part is therefore very painful, on account of the tension. It 
is largely supplied with blood, and, the circulation here being terminal, vascular engorge- 
ment is liable to occur, especially in women at the menopause, and in both sexes from 
disorders of digestion, exposure to cold, &c. The skin of the nose also contains a large 
number of sebaceous follicles, and these, as the result of intemperance, are apt to become 
affected and the nose n^ddoiied, congested, and irregularly swollen. To this the term 
‘ grog-blossom ’ is popularly applied. In some of these cases’ there is enormous hyper- 
trophy of the skin and subcutaneous tissues. Epithelioma and rodent ulcer may aUack 

* The various measurements of the accessory sinuses of the nose given above are quoted 
from Aldren Turner's Aeceniory Sinuses of tlw Nosv. 
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the nose, the latter being the more common of the two. Lupus and syphilitic ulc^ation 
frequently aifect the nose, and may destroy the whole of the cartilaginous portion. In 
fact, lupus vulgaris begins more frequently on the ala of the nose than in any other 
situation. 

To examine the nasal cavities, the head should be thrown back and the nose drawn 
upwards, the parts being dilated by some form of speculum. The posterior nares can be 
explored by reflected light from the mouth, through which they can be illuminated. The 
examination is very difficult to carry out, and, as a rule, sufficient information regarding 
the presence of foreign bodies or tumours in the naso-pharynx can be obtained by the 
introduction of the finger behind the soft palate through the mouth. The septum of the 
nose may be displaced or may deviate from the middle line ; this may bo the result of an 
injury or of some congenital defect. Sometimes the deviation may be so great that the 
septum may come into contact with the outer wall of the nasal fossa, and may even 
become adherent to it, thus producing complete obstruction. Perforation of the septum 
is not an uncommon affection, and may arise from several causes : syphilitic or tuber- 
culous ulceration, blood-tumour or abscess of the septum. When small, the perforation 
may cause a peculiar whistling sound during respiration. When large, it may lead to the 
falling in of the bridge of the nose. 

Epistaxis is a very common affection in children. It is rarely of much consequence, 
and will almost always subside without treatment ; but in the more violent haemorrhages 
of later life it may be necessary to plug the posferior nares. In performing this operation 
it is desirable to remember the size of the posterior nares. A ready method of regulating 
the bulk of the plug to fit the opening is to make it of the same size as the terminal 
phalanx of the thumb of the patient to l»e operated on. 

Foreign bodies, such as boot-buttons, are frequently inserted into the nostrils by 
children, ;uid require some care in removal, as unskilled attempts only result in pushing 
the foreign body further into the nasal fossa. Bodies which remain in the nose for any 
length of time set up ulceration of the mucous membrane, sometimes spreading to the 
bone, and a profuse purulent discliarge results. A condition of unilateral nasal discharge 
in a child is alw^ays suggestive of the presence of a foreign body. Tlic removal of such 
objects is best effected by giving the child an anaesthetic, opening the mouth with a gag, 
and placing the left forefinger in the naso-pharyjix, so as to prevent the escape of the body 
into the air -passages ; the foreign body is then removed through the anterior naris by 
a suitable scroop or forceps manipulated by the right hand. 

Enlargement of the mucous membrane covering the inferior turbinated bone or 
middle turbinated process is a very frequent acciompaniment of chronic nasal catarrh. 
In old-standing cases the bones themselves may become enlarged, constituting the 
‘ hypertrophied turbinals’ which are so often the cause of nasal obstruction. In the case 
of the inferior turbinated the anierior or posterior extremity is usually more especially 
affected, giving rise to a reddened mass of tissue often (‘onfused with a nasal polyi)U8 : 
the appearances, however, are totally different, as the true nasal polypi appear as 
glistening greyish-white bodies between the turbinates. Turbinal hypertrophy can be 
temporarily reduced to a great extent by the local application of cocaine, and if the 
reduction by this means is to practically the normal condition, then treatment by 
api)lication of the galvano -cautery wall be sufficient ; otherwise the enlarged portion of 
the bone or bones wdll require removal by a wire snare after the attachment to the lateral 
wall of the nasal fossa has been freed, by special nasal scissors, in the case of enlargement 
of the anterior end, and by the spoke-shave when the posterior end is enlarged. It is 
highly inadvisable to remove more than is notjessary, as too free removal results in a dry 
condition of the air-passages, which conduces to a chronic dry pharyngitis and laryngitis. 

Nasal polypi are of frequent occurrence ; in the common gelatinous form they spring 
from the outer wall of the nasal fossa and project down between the turbinateds, giving 
rise to obstructed nasal respiration. They are always accompanied by purulent dis- 
charge, and are due^in all instances to small areas of carious hone in the region of the 
bulla ethmoidalis, or about the ethmoidal or sphenoidal air-cells. They appear as glistening 
greyish -white bodies swinging on a pedicle, and the larger ones can be encircled w'ith a 
cold wire snare and thus removed ; usually, however, after the extirpation of the larger 
ones has been carried out, numerous small polypi can bo seen springing from the region of 
their bases, and cauterisation of such affected areas must be thoroughly carried out if a 
recurrence of the trouble is to be avoided. In bad cases a free curetting of the ethmoidal 
air-cells maybe called for after removal of the middle turbinated process. Fibrous polypi 
are also more rarely met with, and these are of the nature of new growths ; they most 
frequently spring from the base of the skull behind the posterior nares and form 
pedunculated tumours occupying the naso-pharynx. Malignant polypi also occur, most 
commonly originating in the antrum and projecting through its inner wall into the nasal 
fossa ; for such cases removal of the maxilla offers the only hope of cure. 

Suppuration in tho accessoiy nasal sinuses is of frequent occurrence, and in connection 
with th^ it is advisable that the student should recollect the situations at which the various 
sinuses normally communicate with the nasal fossae : thus one finds they fall into two 
main groups : the anterior, opening into the middle meatus and draining the maxillary 

3t 
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antrum, tho frontal sinus and the anterior ethmoidal air-cells, the two latter via the 
infundibulum ; and the posterior group, opening into the superior meatus and spheno- 
ethmoidal recess and draining the posterior ethmoidal and sphenoidal air-cells. Suppura- 
tion in thl^anterior group is the more common, and the pus can be seen running down 
over the anterior end of tho inferior turbinated, whereas in the case of the posterior 
group, the pus does not come forwards, but runn back into tho naso-pharynx over the 
posterior end of tho middle turbinated process. Again, it is of importance to notice that 
the middle meatus is of such a form that pus running down tho infundibulum from the 
.frontal sinus is directed by the groove beneath the bulla ethmoidalis straight into the 
ostium of the maxillary antrum. So that the latter sinus may, in some cases, act as a 
secondary reservoir for pus discharged from the frontal sinus. All the accessory sinuses 
can be and are infected from tho nasal fossa, but it should be noted that in the case of one 
sinus, viz. the maxillary antrum, tho infection is frequently (conveyed in another way, 
and that is from the teeth. This sinus is tho one most frequently the seat of chronio 
suppuration and it often requires drainage. This drainage can be carried out by drilling 
a hole through the alveolus after removal of a tooth, preferably the first molar, or by 
gouging away the facial aspect of tho maxilla, after having reflected the gum by incision 
of the mucous membrane, or by removing bone from the outer wall of the inferior meatus 
of the nose. Simple drainage, however, is not usually sufficient, and more extensive 
operations have often to be performed. 


THE EYE 

The eyeball (bulbus oculi) is contained in the) cavity of the orbit. In this 
situation it is protected fre)m injury, while its position is such as to ensure 
an extensive range of sight ; it is additionally protected in front by several 
appendages, such as the eyebrow, eyed ids, &c. 


Fig. 831. — ^The right eye in sagittal section, showing the capsule of Tenon 
(semi-diagrammatic). (Testui. ) 



The eyeball is imbedded in the fat of the orbit, but is surrounded by a thin 
membranous sac, the capsule of l^enoriy which isolates it, so as to allow of free 
movement. 

The capsule of Tenon (fascia bulbi) (fig. 831) is a thin membrane, which 
envelops tho eyeball from the optic nerve to the ciliaiy region, separating it 
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from the orbital fat and forming a socket in which it plays. Its inner surf ace 
is smooth, and is separated from the outer surface of the sclera Tiy the 
l ^riscleral ly m p h-space. This lymph-space is coril^uous with the^«ubdural 
and subarachnoid spaces, and is traversed by delicate bands of connective 
tissue which extend between the capsule and the sclera. 
perfor ated behind by the ciliary vessels and nerves, and by the optic nerve, 
being continuoiis with the sheath of the latter. In front it blends with the 
ocular conjunctiva, and with it is attached to the ciliary region of the eyeball. 
It is perforated by the tendons of ilio ocular muscles, and is redeoted backwards 
on eanluas-a tubular aheath. The sUoath^gf the S uperior ob lique is garried as 
far as the fibrous pulley of that muscle ; thajL.im.tlI051eH^^^ resiches 

as far as the floor of the orbit, to wliich it gives off a slip. The sheaths on 
the Recti are gradually lost in the perimysium, but tliey give off important 
expansions. The expansion from the Supeiior rectus blends with the tendon 
of the Levator palpebrae ; that of the Inferior rectus is attached to the inferior 
t aj^^al These two Recti, therefore, will exercise some influence on the 

movements of the eyelids. Tlie expansions from the sheaths of the Internal 
and External recti are strong, especially that from the latter muscle, and are 
attached to the lachrymal and rnaiar bones respectively. As they probably 
clieck the action of these two Recti they have been named the internal and 
external chei'k ligaments, 

Lockwood has described a thickening of the lower part of the capsule of 
Tenon, whicli he has named the suspensory ligameivt of the eye. It is slung 
like a hammock below the* eyeball, being expanded in the centre, and narrow 
at its extremities which are attached to the malar and lachrymal bones 
respectively.* • 

The eyeball is composed of segments of two spheres of different sizes. The 
anterior segment is on(^ of a small sphere ; it is transparent, and forms about 
one-sixth of tlie eyeball. It is more prominent than the posterior segment, 
which is one of a larger sphere, and is opaque, and forms about five-sixths of 
the globe. The term anterior pole is applied to the central j)oint of the anterior 
curvature of the eyeball, and tliat of posterior pole to the central point of its 
posterior (curvature ; a line joining the two poles forms the. axis optica. The 
axes of the eyeballs «are nearly parallel, and therefore do not correspond to 
the axes of the orbits, which are directed forwards and outwards. The optic 
nerves follow the direction of the axes of the orbits, and are therefore not 
parallel ; each enters its (\veball about 1 mm. below and 3 mm. to th(' inner 
or nasal side of the posterior pole. The eyeball measures rather more in its 
transverse and antcro-posterior diameters than in its vertical diameter, the 
former amounting to about 24 mm. tlie latter to about* 23*5 mm. ; in the female 
all three diameters are rather loss than in the male. At birth tlie eyeball has 
a diaimdor of about 17*5 mm., wliile at puberty it mc^asures from 20 to 21 mm. 

The eyeball is composed of three tunics, and of three refracting media. 

Tunics of tub Eyb (fig. 832) 

From without inwards the three tunics ^re : (1) A fibrous tunic (tunica 
fibrosa oculi), consisting of the sclera behind and the cornea in front ; (2) a 
vascular pigmented tunic (tunica vasculosa oculi), comprising, from behind 
forwards, the choroid , ciliary body, and iris ; and (3) a nervous tunic, the retina, 

I. The Sclera and Cornea 

The sclera and cornea (fig. 832) form the external tunic of the eyeball ; 
they are essentially fibrous in structure, tlie sclera being opaque, and forming 
the posterior five-sixths of the surface of the globe ; the cornea forms the 
remaining sixth, and is transparent. 

The sclera has received its name from its extreme density and hardness ; 
it is a firm, unyielding, fibrous membrane, serving to maintain the form of 
the globe. It is much thicker behind than in front. Its external surface is 
of a white colour, and is in contact with the inner surface of the capsule of 
Tenon ; it is quite smooth, except at the points where the Recti and Obliqui 

* See a paper by C. B. Lockwood, Jmrnal of Anataniy and Physiology, vol. xx. part i. p. 1. 
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are inserted into it, and its anterior part is covered by the conjunctival mem- 
brane : hence the whiteness and brilliancy of the front of the eyeball. Its 
inner surface is stained of a brown colour and marked by grooves, in which 
are lodged the ciliary nerves and vessels ; it is separated from the outer surface 
of the choroid by an extensive lymph-space {spatium perichorioideale) which 
is traversed by an exceedingly fine cellular ^tissue, the lamina suprachorioidea. 
Behind, it is pierced by the optic nerve, and is continuous through the fibrous 
sheath of this nerve with the dura mater. At the point where the optic 
nerve passes tlirough the sclera, the tunic forms a thin cribriform lamina, the 
lamina cribrosa scUrce ; the minute orifices in this lamina serve for the trans- 
mission of the nervous filaments, and the fibrous septa dividing them from 
one another are continuous with the membranous processes wliich separate the 
bundles of nerve-fibres. One of these openings, larger than the rest, occupies 
the centre of the lamella ; it transmits the central artery and vein of the 
retina. Around the cribriform lamella are numerous small apertures for 
the transmission of tlie ciliary vessels and nerves, and about midway between 


Fia. 832. — Horizontal section of the eyeball. 



the margin of the cornea and like t3ntrance of the optic nerve arc four or five 
large apertures, for the transmission of veins (ve'n<B vorticospR). In front, the 
fibrous tissue of the sclera is directly continuous with that of the cornea, but 
the opaque sclera slightly overlaps tlie outer surface of tho transparent cornea. 

Structure. — The sclera is formed of white fibrous tissue intermixed with 
fine elastic fibres, and of flattened connective-tissue corpuscles, some of which 
are pigmented, contained in ccll-spaces between the fibres. The fibres are 
aggregated into bundles, which are arranged chiefly in a longitudinal direction. 
Its vessels arc not numerous, the capillaries being of small size, uniting at long 
and wide intervals. Its nerves are derived from the ciliary nerves, but their 
exact mode of ending is not known. 

The cornea is the projecting transparent part of tho external tunic of the 
eyeball, and forms tlie anterior sixth of the surface of the globe. It is almost 
circular in outline, occasionally a little broader in the transverse than in the 
vertical direction. It is convex anteriorly, and projects forwards from the 
sclera in the same manner that a watch-glaas does from its case. Its degree of 
curvature varies in different individuals, and in the same individual at different 
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periods of life, being more pronounced in youth than in advanced life. The 
cornea is dense and of uniform thickness throughout ; its posterior surface is 
perfectly circular in outline, and exceeds the anterior surface slightly in 
extent, from the latter being overlapped by the tissue of the sclera. 

Structure (fig. 833). — The cornea consists from before backwards of the 
four following layers, viz. : (1) a layer of stratified epithelium, continuous with 
that of the conjunctiva ; (2) the substantia pro'pria ; (3) a homogeneous elastic 
lamina ; and (4) a layer of endothelium. 

The stratified epithelium (epithelium corneae) covering the front of the cornea 
consists of several layers of cells. The cells of the deepest layer are columnar ; 

Fig. 833. — ^Vertical section of human cornea from near tlie margin. 

(Waldeyer.) Magnified. 



1. KpiLbclium. 2. Antorn»r lionio^cncunB lamina. 3. Siibstnntia propria. 4. Posterior homogeneous 
(elastic) lamina. 5. Kndfitholiuni of the aiitmor diarnbcr. a. Obli(|ne 11 bres in the anterior layer of the 
substantia propria, h. liainelliB the fibres of which arc cut across, ])roducltig a dotted appearance, 
e. Corneal corpuscles ai)peuririg fusiform in section, d, Ijoinolkn the fibres of wliicli are cut longitudinally. 
e. Transition to the .sclera, with more distinct fibrillation, and surmounted by a thicker epithelium. 

/. Small blood-vessels cut across near the margin of the cornea. 

then follow two or tliree layers of polyhedral cells, the majority of wliicli 
present finger-like processes (i.c. prickle-cells) similar to those found in the 
cuticle. Lastly, there are three or four layers of scaly epithelium, with 
flattened nuclei. 

The substantia propria is fibrous, tough, unyielding, perfectly transparent, 
and continuous with the sclera. It is composed of about sixty flattened 
lamellae, superimposed one on another. These lamellae are made up of bundles 
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of modified connective tissue, the fibres of which are directly continuous with 
the fibres of the sclera. The fibres of each lamella are for the most part 
parallel with one another, but at right angles to those of adjacent lamellae. 
Fibres, however, frequently pass from one lamella to the next. 

The lamellae are connected with each other by an interstitial cement- 
substance, in which are spaces, the comeal spaces. These are stellate in shape 
and have numerous offsets, by which they communicate with each other. 
Each contains a cell, the corneal corpuscle, resembling in form the space in 
which it is lodged, but not entirely filling it. 

Immediately beneath the conjunctival epithelium, the cornea proper 
presents certain characteristics which have led some anatomists to regard it 
as a distinct membrane, and it has been named the lamina elastica anterior of 
Bowman. It differs, however, from the lamina elastica posterior, in presenting 
evidence of fibrillar structure, and in not having the same tendency to curl 
inwards, or to undergo fracture, when detached from the other layers of the 
cornea. It consists of extremely closely interwoven fibrils, similar to those 
found in the substantia propria, but contains no comeal corpuscles. It may 
be regarded as a part of the proper tissue of the cornea. 

The lamina elastica posterior (membrane of Descemet or Demours) covers 
the posterior surface of the substantia propria, and consists of an elastic, 
transparent liomogenoous membrane, of extreme thinness, which is not 
rendered opaque by cither water, alcohol, or acids. It is very brittle, but its 
most remarkable properties are its extreme elasticity, and the tendency which 
it presents to curl up, or roll upon itself, with the attached surface innermost, 
when separated from the proper substance of the cornea. Its use appears 
to be ‘ to preserve the requisite p<^rmanent correct curvature of the flaccid 
cornea proper ’ (Jacob). 

At the margin of the cornea tlio lamina elastica posterior breaks up into 
fibres which form a rcticnilar structure at the outer angle of the anterior 
chamber, the intervals between the fibres forming small cavernous spaces, 
the spaces of Fontaim (spatia anguli iridis). These spaces communicate with 
a circular canal in the substance of the sclera close to its junction with the 
cornea. This is the canal of Schlemm (sinus venosus sclera?) ; it communicates 
internally with the anterior chamber tlirough the spaces of Fontana, and 
externally with the scleral veins. Some of the fibres of this reticulated struc- 
ture are continued into the substance of the iris, forming the ligamentum 
pectinatum iridis ; while others are connected with the fore-part of the sclera 
and choroid. 

The layer of endothelium (endothelium camera? anterioiis) covers the pos- 
terior surface of the elastic lamina, is reflected on to the front of the iris, and 
also lines the spaces of Fontana. It consists of a single stratum of polygonal, 
flattened, nucleated cells, similar to those lining other serous cavities. 

Vessels and Nerves. — The cornea is a non-vascular structure, the capillary vessels 
terminating in loops at its circumference. Lymphatic vessels have not os yet been 
demonstrated in it, but are represented by the channels in which the bundles of nerves run ; 
these are lined by an endothelium. The nerves are numerous and ore derived drom the 
ciliary nerves. They form an annular plexus around the periphery of the cornea, from 
which fibres enter the substantia propria. They lose their medullary ^heaths and ramify 
throughout its substance in a delicate network, and their terminal filaments form a firm 
and closer plexus on the surface of the cornea proper, beneath the epithelium. This is 
termed the suh-epithelial plexus, and from it fibrils are given off which ramify between the 
epithelial cells, forming an irUra-epithelial plexus. 

II. The Vasculah and Pigmented Tunic (figs. 832, 834, 835.) 

The middle tunic of the eye is formed from behind forwards by the choroid, 
the ciliary body, and the iris. 

The choroid invests the posterior five-sixths of the globe, and extends as 
far forwards as the ora serrata of the retina. The ciliary body connects the 
choroid to the circumference of the iris. The iris is a circular diaphragm 
behind the cornea, and presents in its centre a rounded aperture, the pupil. 

The choroid (chorioidea) is a thin, highly vascular membrane, of a dark 
brown or chocolate colour, w^hich invests the posterior five-sixths of the globe ; 
it is pierced behind by the optic nerve, and in this situation is firmly adherent 
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to the sclera. It is thicker behind than in front. Externally, it is loosely 
connected by the lamina fusca with tlie inner surface of the sclera. Its inner 
surface is attached to the pigmented layer of the retina. 

Structure. — ^The choroid consists mainly of a dense capillary plexus, and of 
small arteries and veins carrying blood to and returning it from this plexus. 
On its external surface, i.e. 

the surface next the sclera, is Yiq. 8.S4.— The choroid and iris. (Enlarged.) 
a thin membrane, the lamina 
suprachorioideay composed of 
delicate non-vascular lamelloe 
— each lamella consisting of 
a network of fine elastic fibres 
among which are branched 
pigment-cells. The spaces 
between the lamellae arc lined 
by endothelium, and open 
freely into the perichoroidfil 
lymph-space, which, in its 
turn, communicates with the 
periscleral space by the 
perforations in the scltM’a 
through whicli the vi^sscls and 
nerves arc t ransmitted. 

Internal to this lamina is 
the choroid fyroper, and in con- 
sequence of the small arteries 
and veins being arrang(‘.d on 
the outer surface of the capil- 
lary network, it is customary 
to describe this as consisting 
of two layers : an outer, 
composed of small arteries 
and veins, •with pigment-cells 
interspersed botw'een them ; and an inner, consisting of a capillary *plexus. 
The outer layer or lamina vasculosa consists, in part, of the larger branches of 
the short cilifiry arteries which run forwards bcdw'een the veins, before they 
bend inw ards to terminate in the (japillaries, but is formed principally of veins. 



Fig. 83.5. — ^The arteries of Iho choroid and iris. 

Tlie greater part of the sclera has been removed. (Enlarged.) 



named, from their arrangement, the venae vorticosce. They converge to four 
or five equidistant trunks, which pierce the sclera midway between the margin 
of the cornea and the entrance of the optic nerve. Interspersed betwi^n the 
vessels are dark star-shaped pigment-cells, the processes of which, communicating 
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with thoHe of neighbouring cells, form a delicate network or stroma, which, 
towards the inner surface of the choroid, loses its pigmentary character. The 
inner layer or lamina chorioca'pillaris consists of an exceedingly fine capillary 
plexus, formed by the short ciliary vessels ; the network is closer, and finer 
in the posterior than in the anterior part of the choroid. About half an inch 
behind the cornea its meshes become larger, and are continuous with those 
of the ciliary processes. These two laminae are connected by a stratum inter- 
medium consisting of fine elastic fibres. On the inner surface of the lamina 
choriocapillaris is a very thin, structureless, or faintly fibrous membrane, 
called the lamina basalis (membrane of Brtich) ; it is closely connect(^d with the 
stroma of the choroid, and separates it from the pigmentary layer of the retina. 

Tapvtum. — This name is applied to the outer and posterior part of the 
choroid, w^hich in many animals presents an iridescent appearance. 

The ciliary body (corpus ciliarc) comprises the orbiculus ciliaris, the ciliary 
processes, and the Ciliary muscle. 

The orbiculus ciliaris is a zone of about one-sixth of an inch (4 mm.) in width, 
directly continuous with the anterior i>art of the choroid ; it presents numerous 
ridges arranged in a radial manner. 

The ciliary jyrocesse^<i (processus ciliart\s) are formed by the inward folding 
of the various layers of tlie choroid (i.e. tlie choroid proper and the lamina 

basalis), and are received bc- 
tw’’een corresponding foldings 
of the suspensory ligament of 
the lens, thus establishing 
a connection betw^een the 
choroid and inner tunic of 
the eye. Tlioy are arranged 
in a cir(^l(^, and form a sort of 
frill behind iJio iris, round the 
margin of tlie lens. They vary 
from sixty to eighty in 
number, li<^ side by side, and 
may be divided into large and 
small ; the fornu'r are about 
one-tenth of an inch (2*5 mm.) 
in lengtJi, and tlie latter, con- 
sisting of about one-third 
of the entire number, are 
situated in the spaces between 
them, but without regular 
arrangement. They are 
attaclicd by their periphery 
to tliree or four of the ridges of the orbiculus ciliaris, and are (joiitinuoiis 
with' the layers of the choroid : their opposite extremities are free and rounded, 
and are directed towards the posterior chamber of the eyeball and circum- 
ference of the lens. In front, they are continuous with the XJeriphery of the 
iris. Their posterior surfaces are connected wdth the suspensory ligament of 
the lens. , 

Structure (fig. 837). — The ciliary processes are similar in structure to the 
choroid, but the vessels are larger, and have chiefly a longitudinal direction. 
Their posterior surfaces are covered byabilaminar layer of black pigment-cells, 
whicli is continued forw^ards from the retina, and is named the pars ciliaris 
retincB. In the stroma of the ciliary processes there are also stellate pigment- 
cells, but tliese are not so numerous as in the clioroid itself. 

The Ciliary muscle (m. ciliaris) consists of unstriped fibres : it forms a 
greyish, semitraiisj)arent, circular band, about one-eighth of an inch (3 mm.) 
broad, on the outer surface of the fore-part of the choroid. It is thickest in 
front, and consists of tw'^o sets of fibres, radial and circular. The radial fibres 
(fibrj© meridionales) , much the more numerous, arise from the junction of the 
cornea and sclera, and from the ligamontum pectinatum iridis ; they run 
backwards, and are attached to the ciliary processes and orbiculus ciliaris. One 
bundle, according to Waldeyer, is continued backwards to be inserted into 
the sclera. The circular fibres (fibrae circulares) are internal to the radiating 


Fig. 836. — ^The veins of the choroid. (Enlarged.) 
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ones and to some extent unconnected with them, and have a circular course 
around the attachment of the iris. They are sometimes called the 
muscle of Muller, and were formerly described as the ciliary ligament. They 
are well developed in hyjiermetropic, but are rudimentary or absent in myopic 
eyes. The Ciliary muscle is the chief agent in accommodation, i.e. in adjusting 
the eye to the vision of near objects. When it contracts, it draws forwards 
the ciliary processes, relaxes the suspensory ligament of the lens, and thus 
allows the anterior surface of the lens to become more convex ; tlie pupil is 

at the same time slightly contracted. ^ a.- a- -a i 

The iris has received its name from its various colours in ditterent indiviauais. 
It is a thin, circular, contractile dis(5, suspended in the aqueous humour between 
the cornea and lens, and perforatc^d a little to the nasal side of its centre by 
a circular aperture, the 'pupil (ijupilla), for the transmission of light. ® 

jieriphery it is continuous with the ciliary body, and is also connected with 
the post<‘rior elastic lamina of the cornea by means of tlie pectinate ligament , 


Fig. 837.— Section of the eye, showing the relations of the cornea, sclera, and iris, 
together with the Ciliary muscle and the spaces of Fontana near the angle of the 
anterior chamber. (Waldcyer.) 



its surfaces are fattened, and look forwards and backwaids, the anterior 
towards the cornea, the posterior tow\ards the ciliary processes and Ions. Ihe 
iris dividers the space between the front of tlie lens and the back of the cornea 
into two chambers— anterior and posterior. The anterior chamber (camera 
oculi anterior) is bounded in front by the posterior surface of the cornea ; 
behind by the front of the iris and the central part of the lens. The posterior 
chamber (camera oculi posterior) is a narrow chink between the peripheral 
part of the iris, the suspensory ligament of tlie lens and the ciliary processes. 
In the adult the two chambers communicate through the pupil, but in the 
fcBtus of tlie seventh month, when the pupil is closed by the membrava 
pupillaris^ the two chambers are quite separate. 

Structure. — The iris is composed of the following structures : 

1. In front is a layer of flattened endothelial cells placed on a delicate hyaline 
basement-membrane. This layer is continuous with the epithehal layer 
covering the membrane of Descemet, and in men with dark-coloured irides le 
cells contain pigment-granules. 
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2. Strorm , — The stroma iridis consists of fibres and cells. The former are 
made up of delicate bundles of fibrous tissue, of which some few fibres have a 
circular direction at the circumference of the iris ; but the chief mass consists 
of fibres radiating towards the pupil. They form, by their interlacement, 
delicate meshes, in which the vessels and nerves are contained. Interspersed 
between the bundles of connective tissue are numerous branched cells with 
fine processes. In dark eyes many of them contain pigment-granules, but in 
blue eyes and the pink eyes of albinos they are unpigmented. 


Pig. 838. — ^VcBsels of the choroid, Fig. 839. — Diagrammatic representation of the 
ciliary processes, and iris of a child. course of the vessels in the eye. Horizontal 


(Arnold.) Magnified 10 times. 



section. (Leber.) 
red ; veins blue. 


Arteries and capillaries 


a. Capillary network of Uio luistcrior part of the 
clioroid, ftidiTiL; ut h, the ora ^cr^ata. c. Arteries 
of the I’onma ciliariH, siipplyintj the ciliary 
procesiflCH, d, and passing into the iris, e. 1. Q’he 
capillary network cIokc to tlic pupillary margin 
of the iris. 


3. The 7nusc'ular fibres are 
involuntary, and consist of circular 
and radiating fibres. The cArcular 
fihre^^ (m. sphincter pupillae) sur- 
round tlic margin of the pupil on 
the postt'rior surface of the iris, 
like a sphincter, forming a narrow 
band about onc-thirtieth of an 
inch (1 mm.) in width; those 
near the free margin are closely 
aggregated; those more e^xternal, 
somewhat separated, form incom- 
plete circles. The radiating fibres 



O. JOntrance of optic jierve. a. Short posterior ciliary arteries. 
h. Long posterior ciliary arterns. c. Anterior ciliary vessels. 
d. Posterior conjuTicti\al vessels, d'. Anterior conjunctival 
vessels, e. Central vi-ssels of the retina. X^esseLs of tlio 
inner sheatli of IVic optic iierv& g. Vessels of tlie outer 
sliealh. A. Vorticose vein. ». Snort posterior ciliary vein. 
k. Bronohes of the sliort posterior ciliary arteries to llie optic 
nerve. /. Anastomosis of choroidal vesseJs with those of 
opt in nerve, m. Ciiorio-capilJiiris. n. Bjiisclcral vessels. 
V. llccurrciit artery of tlic choroid, p. Circulus iridis major 
(in section), q. Vessels of iris. r. Vessels of ciliary process. 
s. Branch from ciliary muscle to vorticose vein, t. Branch 
from ciliary musde to anterior ciliary vein. u. Canallof 
Bchierom. r. Capillary loop at margin of coniea. 


(m. dilatator pupilla^) converge 
from the circumfortmee towards the eentre, and blend with the cireular fibres 
near the margin of the pupil. These fibres are regarded by some as elastic, 
not muscular. 


4. .The posterior surface (facies posterior) of the iris is of a deep purple tint, 
being covered by two layers of pigmented columnar epithelium, continuous 
at the periphery of the iris with the pars ciliaris retinas. This pigmented 
epithelium is named the pars iridica reiincs or, from the resemblance of its 
colour to that of a ripe grape, the uvea. 
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The colour of the iris is produced by the reflection of light from dark pigment- 
cells underlying a translucent tissue, and is therefore determined by the amount 
of the pigment and its distribution throughout the texture of the iris. The 
number and the situation of the pigment-cells differ in different irides. In 
the albino pigment is absent. In the various shades of blue eyes the pigment- 
cells are confined to the posterior surface of the iris, whereas in grey, brown, 
and black eyes pigment is found also in the cells of the stroma and in those 
of the epithelial layer on the front of the iris. 

Vessels and Nerves, — Tho arteries of the iris are derived from the long and anterior 
ciliary arteries, and from the vessels of the ciliary processes (see page 648). The long ciliary 
arteries, two in number, having reached the attached margin of the iris, divide each into an 
upper and lower branch; thc.se anastomose with corresponding branches from the opposite 
side and thus encircle the iris ; into this vascular zone (circMlus arteriosus major) the 
anterior ciliary arteries pour their blood. From this zone vessels converge to the free 
margin of the iris, and there communicate by branches from one to another to form a 
second zone {circuhis arteriosus minor) (figs. 8.38 and 840). 


Fig. 840. — The iris, viewed from in fi*ont, with its great and small arterial cii'cles. 

(lestut.) 



a. OhoTuid. 6. Ciliary musclo. c. Iris. d. Pupil. 1 and 1'. The two Ions ojlntry artericff, with 2, their ascending 
branch of bifurcation ; J, thoir dest'nulmc; brandi of bifurcation. 4. uriterior ciliary arteries. 6. CirculuR 
major ; G, its branches radiating tiirough the ins. 7. Circulas minq|: around the pupil. 

« 

The nerves o f the cJioroid and iris are derived from the (filifiry branches of the lenticular 
ganglion, and the long ciliary from tho nasal branch of tho ophthalmic division of the 
fifth. They pierce the sclera around the entrance of tho optic nerve, run forwards in 
the perichoroidal space, and supply the blood-vessels of the choroid. After reaching the 
iris they form a plexus around its attached margin ; from this are derived non-medullated 
fibres which terminate in tho circular and radiating muscular fibres. Their exact mode 
of termination has not been ascertained. Other fibres from tho plexus terminate in a 
network on the anterior surface of tho iris. The fibres derived from the motor root of 
the lenticular ganglion (third nerve) supply the circular fibres, while those derived from 
the sympathetic supply the radiating fibres. 

Membrami pupillaris , — In the foetus, the pupil is closed by a delicate 
vascular membrane, the membrana pupillaris, which divides the space in which 
the iris is suspended into two distinct chambers. This membrane contains 
numerous minute vessels, continued from the margin of the iris to those on tho 
front part of the capsule of the lens. These vessels have a looped arrangement, 


1020 


ORGANS OP SPECIAL SENSE 


and converge towards each other without . anastomosing. Between the 
seventh and eighth month the membrane begins to disappear by absorption 
from the centre towards the circumference, and at birth only a few fragments 
are present ; in exceptional cases it may persist. 


III. The Retina 

The retina is a delicate nervous membrane, upon the surface of which the 
images of external objects are received. Its outer surface is in contact with 
the choroid ; its inner with the vitreous body. Behind, it is continuous 
with the optic nerves ; it gradually diminisiies in thickness from behind forwards, 
and extends nearly as far as the ciliary body, where it appears to terminate 
in a jagged margin, tlie ora serrata. Here the nervous tissues of the retina end, 
but a thin prolongation of the membrane extends forwards over the back of the 
ciliary processes and iris, forming the ciliaris retinm and yars iridica 
retinoB already refen-cd to. This forward prolongation consists of the pigment- 
ary layer of the retina together with a stratum of columnar epithelium. The 
retina is soft, semitransparent, and of a jmrple tint in the fresh state, owing 
to the presence of a colouring material named rhodopsm or visual purple ; 
but it soon becomes clouded, opaque, and bleached wlien exposed to sunlight. 


Fia. 841. — The terminal portion of the optic nerve and its entrance into the eyeball, in 
iiorizontal section. (From Toldt’s ‘Atlas,’ published by Messrs. Bebman, Ltd., 
London.) 
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Exactly in the centre of the posterior part of the retina, eoiTesponding to the 
axis of the eye, and at a point in whicli the sense of vision is most perfect, is 
an oval yellowish area, the ydlow (macula lutea) ; in the spot is a central 
depression, tlie fovea centralis. At tlu^ fovea centralis the retina is exceedingly 
tliiii, and the dark colour of the choroid is distinctly seen through it. It exists 
only in man, the quadrumana, and some saurian reptiles. About one eighth 
of an inch (3 mm.) to the inner side, and about 1 mm. below the level of the 
yellow s])ot . is tlie point of entrance of the optic nerve (porus opticus or optic 
disc), the circumference of which is slightly raised so as to form an eminence 
Xcolliculus nervi optici) (fig. 841) ; the arteria centralis retinae pierces its centre. 
This is the only part of the surface of the retina from which the power of 
vision is absent, and is termed the ‘ blind spot.’ 

Structure (figs. 842, 843). — The retina is exceedingly complex, and, when 
examined microscopically by means of sections made perpendicularly to its 
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Fig. 842. — Section of retina. 
(Magniiied.) 


surface, is found to consist oi ten layers, named from witliin outwards as 
follows : 

1. Membrana limitans interna. 

2. Layer of nerve-fibres (stratum opticum). 

3. Ganglionic layer, consisting of nerve-cells. 

4. Inner plexiform layer. 

5. Inner nuclear layer, or layer of inner granules. 

6. Outer plexiform layer. 

7. Outer nuclear layer, or layer of outer granules. 

8. Membrana limitans externa. 

9. Jacob’s membrane (layer of rods and cones). 

10. Pignumted layer (tapetum nigrum). 

1. The memhrajMi limitans interna is the innermost layer, and is in contact 
with the hyaloid membrane of the vitreous body. It is deprived from the 
supporting framework of the retina, with whicli it will be described. 

2. The layer of nerve- fibres is formed by the expansion of the optic nerve, 

the fibres of which pass througli all the layers of the retina, except the meni- 
brana limitans interna. As the neive passes through the lamina cribrosa 
sclerse, its fibres lose their medullary sheaths arid are continued onwards 
through the clioroid and retina as sihiple axis cylinders. When these non- 
medullated fibres reach tlie internal surface of the retina they radiate from 
their point of entrance over the surface of tlie n^tina, groux)ed in bundles, 
and in many places arranged in ))lexuses. Most of the fibres in this 
layer are centripetal, and are tlu^ direct continuations of the axis-cylinder 
processes of the cells of the m^xt layer, but a f(iw of them are centrifugal 
and run through this and the next succeeding * 

layer to ramify in the inner molecular and 
inner nuclear layers, wliere they t(^rminale in 
enlarged extremities (fig. 843). The layer 
of nerve-fibres is thickest ru)ar the optic; 
nerve disc, gradually diminishing towards the 
ora semita. 

3. The ganglionic layer consists of a single 
layer of large ganglion-cells, except in the 
macula lutea, wliere then; are several strata. 

The cells are somewliat fiask-sliaped ; the 
rounded internal surface of each resting on the 
preceding layer, and sending off an axon which 
is prolonged as a nerve-fibre into the fibrous 
layer. From the opjiosite extremity numerous 
dendrites extend into the inner plexiform layer, 
where tliey branch and form flattened ar- 
borisations at different levels (fig. 843). The 
ganglion-cells vary much in size, and the 
dendrites of the smaller ones as a rule arborise 
in the inner plexiform layer as soon as they 
enter it ; while those of the larger cells ramify 
close to the inner nuclear layer. 

4. The inner 'plexiform layer is made up of a dense reticulum of minute 
fibrils, formed by the interlacement of the dendrites of the ganglion-cells with 
those of the cells of the inner nuclear layer, immediately to be described. 
Within the reticulum formed by these fibrils a few branched spongioblasts are 
sometimes imbedded. 

5. The inner nuclear layer or layer of inner granules is made up of a number 
of closely packed cells, of which there are three varieties, viz. bipolar cells, 
horizontd cells and amacrine cells. 

The bipolar cells are by far the most numerous, and are round or oval in 
shape, each ceU beii^ prolonged into an inner and an outer process. They are 
divisible into rod-bipolars and cone-bipolars. The inner processes of the rod- 
bipolars run through the inner plexiform layer and arborise around the bodies 
of the cells of the ganglionic layer ; their outer.processes end in tufts of fibrils 
around the button-Hke ends of a number, of rod-fibres. The inner processes of 
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the cone-hipolars ramify in the inner plexiform layer in contact with the 
dendrites of the ganglionic cells. 

The horizontal cells lie in the outer part of the inner nuclear layer and possess 
somewhat flattened cell bodies. Their dendrites divide into numerous branches 
in the outer plexiform layer while their axons run horizontally for some distance 
and finally ramify in the samcj layer. 

The amacrine cells are })la(;(5d in the inner part of the inner nuclear layer, 
and are so named because they liave not yet been shown to possess axis-cylinder 
processes. Their dendrites undergo extensive ramification in the inner 
plexiform layer. 

6. The outer plexiform layer is much thinner than the inner plexiform layer ; 
but, like it, consists of a dense network of minute fibrils derived from the 
processes of the horizontal cells of the preceding layer, and the outer processes 
of the bipolar cells, which ramify in it, forming arborisations around the ends 
of the rod-fibres and with the branched foot-j)latcs of the cone-fibres. 

7. The outer nuclear layer or layer of outer granules. — Like the inner nuclear 
layer, this layer contains several strata of clear oval nuclear bodies ; they are 

Fig. 843. — Plan of retinal neurons. (After Cajal.) 

Mevibrana 



of two kinds, and on account of their being respectively connected with the rods 
and cones of Jacob’s membrane, are named rod-granules and cone-granules. 
The rod-granules are much the more numerous, and are placed at different levels 
throughout the layer. Their nuclei present a peculiar cross-striped appearance, 
and prolonged from either extremity of the cell is a fine process : the outer process 
is continuous witli a single rod of Jacob’s membrane ; the inner passes inwards 
towards the outer plexiform layer and terminates in an enlarged extremity, 
and is imbedded in the tuft into which the outer processes of the rod-bipolars 
break up. In its course it presents numerous varicosities. The cone-granules, 
fewer in number than the rod-granules, are placed close to the membrana 
limitans externa, through which they are continuous with the cones of Jacob’s 
membrane. They do not present any cross string, but contain a pyriform 
nucleus, which almost completely fills the cell, ^om the inner extremity of 
the granule a thick process passes inwards to the outer plexiform layer, wWe 
it expands into a pyramidal enlargement or foot-plate, from which are given 
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off numerous fine fibrils, which como in contact with the outer processes of the 
cone-bipolars. 

8. The memhrana limitans externa. — ^This layer, like the membrana limitaiis 
interna, is derived from the supporting framework of the retina, with which 
it will be described. 

9. Jacob's membrane (layer of rods and cones). — ^The elements which 
compose this layer are of two kinds, rods and cones, the former being much 
more numerous than the latter. The rods are of nearly uniform size, and are 
arranged perpendicularly to tluj surface. Each rod consists of two segments, an 
outer and inner, of about equal lengths. The segments differ from each other 
as regards refraction and in their behaviour with colouring reagents, the 
inner segment becoming stained by carmine, iodine, &c., the outer segment 
remaining unstained with these reagents, but staining yellowish-brown with 
osmic acid. The outer seginent is marked by transverse striae, and tends 
to break up into a number of thin discs superimposed on one another. It also 
exhibits faint longitudinal markings. The inner segment at its deeper part 
where it is joined to the outer process of the rod-granule, is indistinctly granular ; 
its more superficial part presents a longitudinal striation, being composed 
of fine, bright, liiglily refracting fibrils. The visual purple or rhodopsin is 
found only in the outer segments. 

The cones are conical or flask-shaj>ed, their broad ends resting upon the 
membrana lirnitans externa, the narrow pointed extremity being turned to the 
choroid. Like the rods, each is made up of two segments, outer and inner ; 
the outer segment is a short eoJiical })rocess, which, like the outer segment of the 
rod, exhibits transverse striai. The inner segment resembles the inner segment 
of the rods in structure, privsenting a superlicial striated and deep granular 
part, but differs from it in size and sliape, being bulged out laterally and 
flask-shaped. The chemical and optical characters of the two portions are 
identical with those of the rods. 

10. The pigmented layer. — The most external layer of the retina, formerly 
regarded as a part of the choroid, consists of a single layer of liexagojial epithelial 
cells, loaded with pigrmmt-granules. TJiey are smooth externally, where they 
are in contact witli ilie clioroid, but internally they are prolonged into fine, 
straight processes, which extend between the rods, tliis being especially the 
case when the eye is exposed to light. In the eyes of albinos, tJie cells of the 
pigmented layer are present;, but they contain no colouring matter. 

Supporting framework of the rrima. -Almost all these layers of the retina 
are connected together by a supporting framework, formed by the fibres of 
Muller, or radiating fibres, from wliieli the membran.'e limitans interna et 
externa are derived. These fibres strcteli between the two limiting layers, 
‘ as columns between a floor and a ceiling,’ and |:)ass through all the nervous 
layers, except Jacob’s membrane. Each commences on the inner surface 
of the retina by an expanded, often forked, base, wJiich sometimes contains 
a spheroidal body, staining deeply with hacmatoxylin, the edges of the bases 
of adjoining fibres being united to form the mtunbrana limitans interna. As 
they pass through the nerve-fibre and ganglionic layers they give off few lateral 
branches ; in tlie inner nuclear layer they givp off numerous lateral processes 
for the support of the inner granules, while in the outer nuclear layer they form 
a network around* the rod- and cone-fibrils, and unite to form the external 
limiting membrane at the bases of the rods and cones. In the inner nuclear 
layer each fibre of Muller presents a clear oval nucleus, which is sometimes 
situated at the side of, sometimes altogether within, the fibre. 

Macula lutea and fovea centralis. — ^The structure of the retina at the yellow 
spot presents some modifications. In the macula lutea : (1) the nerve-fibres are 
wanting as a continuous layer ; (2) the gaimlionic layer consists of several strata 
of cells, instead of a single layer ; (3) in Jacob’s membrane there are no rods, 
but only cones, and those are longer and narrower than in other parts ; and 
(4) in the outer nuclear layer there are only cone-fibres, which are very long 
and arranged in curved lines. At the fovea centralis the only parts which 
exist are (1) the cones of Jacob’s membrane ; (2) the outer nuclear layer, the 
cone-fibres of which are almost horizontal in direction ; (3) an exceedingly 
thin inner plexiform layer ; (4) the pigmented layer, which is thicker and its 
pigment more pronounced than elsewhere. The colour of the macula seems to 
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imbue all the layers except Jacob’s membrane ; it is of a rich yellow, deepest 
towards the centre, and does not appear to be due to pigment-cells, but is simply 
a staining of the constituent parts. 

At the ora serrata the nervous layers of the retina terminate abruptly, and 
the retina is continued onwards as a single layer of columnar cells covered 
by the pigmented layer. This prolongation is known as the pars ciliaris retince^ 
and can be traced forwards from the ciliary processes on to the back of the 
iris, where it is termed the pars iridica retince or vjvea. 

From the description given of the nervous elements of the retina it mil 
be seen that there is no direct continuity betw(5on the structures which form 
its dilferent layers except between the ganglionic and nerve-fibre layers, the 
majority of tlie nerve-fibres being formed of the axons of tlie ganglionic cells. 
In the inner plexiform layer tlio dendrites of the ganglionic layer interlace with 
those of the cells of the inner nuclear layer, wliih^ in tlie outer plexiform layer 
a like synapsis occurs between the processes of the inner granules and the rod 
and cone elements. 

The arteria centralis retince 844) and its accompanying Vein pierce the optic nerve, and 

enter the globe of the eye throiigli the porus opticus. The artery immediately l)ifurcates 
into an upper and a lower branch, and each of these again divides into an inner or nasal 
and an outer or temporal branch, which at first run between the hyaloid membrane and the 
nervous layer ; but they soon enter the latter, and pass forwards, dividing dichotomously. 
From these branches a minute capilljvry plexus is given off, which does not extend beyond 

Fig. 844. — The arteria centralis retinaB, yellow spot, &c. ; the anterior half 
of the eyeball has been removed. (Enlarged.) 



the inner nuc.lear layer. The macula receives small twigs from the temporal branches 
and others directly from the central artery ; these do not, however, reach as far as the 
fovea centralis, which has no blood-vessels. The branches of the arteria centralis retinae 
do not anastomose with each other — in other words they arc terminal arteries. In 
the foetus, a small vessel passes forwards as a continuation of the arteria centralis retinae 
through the vitreous humour, to the posterior surface of the capsule of the lens. 

Refracting Media 
The refracting media are three, viz. : 

Aqueous humour. Vitreous body. Crystalline lens. 

I. Aqueous Humour 

The aqueous humour fills the anterior and posterior chambers of the 
eyeball. It is small in quantity (scarcely exceeding, according to Petit, four 
or five grains in weight) and has an alkaline reaction ; it consists mainly of 
water, less than one-fiftieth of its weight being solid matter, chiefly chloride 
of sodium. 
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II. Vitreous Body 

The vitreous body (corpus vitreuni) forms about four-fifths of the globe of 
the eye. It fills the concavity of the retina, and is hollowed in front, forming a 
deep concavity, the fossa hyaloidea, for the reception of the lens. It is perfectly 
transparent, of the consistence of thin jelly, and is composed of an albuminous 
fluid enclosed in a delicate transparent membrane, the mernhrana hyaloidea. 
It has been supposed, by Hannover, that from its inner surface numerous thin 
lamellae are prolonged inwards in a radiating manner, forming spaces in which 
the fluid is (jontained. In the adult, these lamellae (jannot be detected even 
after careful microscopic; examination in the fresh state, but in preparations 
hardened in weak chromic acid it is possible to make out a distinct lamellation 
at the periphery of the body ; and in the foetus a peculiar fibrous texture 
pervades the mass, the fibi*es joining at numerous points, and presenting minute 
nuclear granules at their point of junction. In the centre of the vitreous 
humour, running from the entrance of the optic nerve to the posterior surface 
of the lens, is a canal, the can/jMs hyaloideus, filled witli fluid and lined by a 
prolongation of the hyaloid membrane. This canal, in the embryonic vitreous 
body, convey(;d the minute vessel from the central artery of the retina to 
the bac;k of the lens. The fluid from the vitreous body is nearly pure water ; 
it contains, howc;ver, some; salts, and a little albumen. 

The mernhrana hyaloidea encloses the whole of the vitreous body. In 
front of the ora serrata it is thickemed by the accc'ssion of radial fibnvs and is 
termed the zonule of Zinn or zonula c.iliaris. H ere it presents a series of radially 
arranged furrows, in which the ciliary processes are u(;(*ommodated and to widen 
th(;y adhere, as is shown by tlie fact that wlum they are removed somc^of their 
)igment remains attached to the zonule. Tlu; zonule of Zinn splits into two 
ay(;rs, one of wliich is thin and lines the fossa hyaloidea, the oth(;r is named 
the suspertsory ligament of the lens ; it is lliicker, and j)asses over the ciliary 
body to be attached to tiie capsule of the lens a short distance in front of its 
equator. Scatl<;r(‘d and d<;licat(; fibres are also attached to the region of the 
equator itself. This ligament retains the lens in position, and is relaxed by 
the contraction of tin; radial fibres of the Ciliary musede, so that the lens is 
allowed to become nuji'c conve^x. Behind the susiicnsory ligament there is 
a sacculated canal, tin; cmtal of Peiit, which encircles the equator of the lens 
and which (!an be (easily inflated through a fine blowpipe inserted under the 
susj)onaory ligament. 

No vessels penetrate the vitreous body ; so that its nut rition must be 
earned on by the vessels of the retina and ciliary proc(;sses, situated upon its 
exterior. 

III. CliYSTALLINK LeNS 

The crystalline lens (lens crystallina), emdosed in its capsule, is situated 
immediately behind tlic! iris, in front of the vitreous body, and encircled by 
the ciliaiy processes, which slightly overlap its margin. 

The capsule of the lens ((;apsula Icntis) is a transparent structureless 
membrane which closely surrounds the lens, afid 

is thicker in front than behind. It is biittle Fig. 845. — ^The crystalline lens, 
but highly claslic, and when ruptim;d the edges 
roll up with the outer surface innermost. It 
rests, behind, in the fossa hyaloidea in the 
fore-part of the vitreous body ; in front, it 
is in contact with the free border of the iris, 
but recedes from it at the circumference, thus 
forming the posterior chamber of the eye ; it is 
retained in its position chiefly by the suspensory 
ligament of the lens, already described. 

The lens is a transparent biconvex body, 
thp convexity of its anterior being less than 
that of its posterior surface. The central points 
of these surfaces are termed respectively the anterior and posteri^ poles, A 
line connecting the poles constitutes the axis of the lens (axis lentis), while the 
marginal cireumference is termed the equator (aequator lentis). 

3 u 


haidened and divided. 
(Enlarged.) 
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Structure , — The lens is made up of an outer, soft part (substantia corticalis) 
and a central, firm part (nucleus lentis) (fig. 845) . Faint lines (radii lentis) radiate 
from the poles to the equator. In the adult there may be six or more of these 
lines, but in the fmtus they arc only throe in number and diverge from each other 
at angles of 120 degrees (fig. 846). On the anterior surface one line ascends 
vertically and the other two diverge downwards and outwards. On the posterior 
surface one ray descends vertically and the other two diverge upwards. Tlicy 
correspond with the free edges of an equal number of septa composed of an 
amorphous substance, which dip into the substanr^e of the lens. When the 
lens has been hardened it is seen to consist of a scries of concentrically arranged 
laminsc, each of which is interrupted at the septa referred to. Each lamina 
is built up of a number of hexagonal, ribbon-like fibres (librao lentis) the edges 
of which are more or less serrated — the senaiions fitting between those of 
neighbouring fibres, while the ends of the fibres come into apposition at the septa. 
The fibres run in a curved manner from the septa on the anterior surface to 
those on the posterior surface. No fibres pass from pole to pole ; they are 
arranged in such a way that tliose wdiicli commence near the pole on one 
asp(!ct of the lens terminate near the peripheral extremity of the plane on the 

Fig. 84G. — Diajri’am to sliow the direction and arrangement of tlie radiating lines on 
the front and hack of the footal lens. a. From the front, b. From the back. 




other, and vice versa, Tlio fibres of the outer laym^s of the lens are nucleated, 
and togetlier form a layer (nuclear laym*) on the surface of the lens, most 
distiiKjt towards its eireumfcnimce. Tin', anterior surfac*o of the lens is covered 
by a layer of tvansjiari^nt, c.oliirauar, nueleated cells (epithelium lentis). At 
the equator tlie cells bo(;ome (elongated, and their gradual transition into lens 
fibres can l)e traced (fig. 847). 

In the foRtus, the lens is nearly spherical, and lias a slightly nddisli tint ; 
it is not ])erfeetly trarisparimt, and is so soft as to break down readily on the 
slightest pressure. A small branch from the arti'.ria centralis retina? runs 
forwards, as already mention(?d, through the vitreous body to tlie posterior 
part of the capsule of tlie lens, where its branches radiate and form a plexiform 
network, w'hicli covers its sui-facc, and they are continuous round the margin 
of the capsule with the vessels of the pupillary membrane, and Avith those of 
the iris. 

Jn the adult, the posterior surface is more convex than the anterior ; it is 
colourless, transparent, firm in texture, and devoid of vessels. 

In old age it becomes flattened on both surfaces, sliglitly opaque, of an amber 
tint, and increased in density. 

and Nerves , — ^Tlic arteries of the glohe of the eye arc the short, long, and anterior 
ciliary arteries, and the artcria centralis retinaB. They have been already described (see 
page *648). 

'^I’ho ciliary veins arc seen on the outer surface of the choroid, and are named, from 
their arrangement, the venm vortiafsa:. They converge to four or five equidistant trunks 
which pierce the sclera midway between the margin of the cornea and the entrance of 
the optic nerve. Another set of vems accompanies the anterior ciliary arteries and opens 
into the ophthalmic vein. 

The ciliary nerves are derived from the nasal branch of the ophthalmic nerve and 
from the ciliary or ophthalmic ganglion. 

Applied Anatomy . — Fjom a surgical point of view the cornea may be r^arded as 
consisting of three layers: (1) an external epithelial layer, developed from the ecto- 
derm, and continuous with the epithelial covering of the rest of the body, so that 
its lesions resemble those of the epidermis ; (2) the cornea proper, derived from the 
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Fig. 847. — Section through the 
margin of the lens, showing the 
transition of the epithelium into 
the lens-fi bres, (Babuchin. ) 


mesoderm, and associated in its diseases with the fibro-vascular structures of the body ; 
and (3) the posterior elastic layer with its endothelium, also derived from the mesoderm 
and having the characters of a serous membrane, so that intlammation of it resembles 
inflammation of the other serous and synovial 
membranes of the body. 

The cornea contains no blood-vessels except at 
its periphery, where numerous delicate loops, 
derived from the anterior ciliary arteries, may bo 
demonstrated on its anterior surface. The rest 
of the cornea is nourished by lymph, which gains 
access to the proper substance of the cornea ami 
the posterior layer through the spaces of Fon- 
tana. This lack of a direct blood-supply renders 
the cornea very apt to inflame in tlio cacdiectic 
and ill-nourished. In cases of granular lids, there 
is a pecidiar affection of the cornea, <;alled pannus^ 
in which the anterior layers of the cornea become 
vas(!ulariseil, and a rich network of blood-vessels 
may bo seen ujion it ; and in interstitial keratitis 
new vessels extend into the cornea, g^'ing it a 
pinkish hue to which the term ‘ salmon patch ’ is 
applied. The (jornea is ri<!hlysiif)plied with nerves, 
derived from the ciliary, wliich tenter tlie cornea 
through the fore-part of the sc'Icra and form 
plexuses in the stroma, terminating between the 
epithelial cells by Ircc ends or in corpnsclt^. In 
cases of glaucoma the ciliary nerves may be pressed 
upon as they (jourse between the choroid and 
sclera, and the cornea lu^eomes ancesthetic. 

The sclera has very few blood-vessels and 
nerves. The blood-vessels are derived from the 
anterior ciliary, and form an oj^cn plexus in its 
substance. As they apfnoach the corneal margin 
the arrangement is peculiar. Some branches pass 
through the sclera to the ciliary body ; others 
become superlicial and lie in the ejiiscleral tissue, 
and form arches, by anastomosing wit h each other 
some little distance behind the coincal margin. 

From these arches numerous straight vessels are 
given off, which run forwards to the cornea, forming 
its marginal i)lexus. In inflammation of the sclera 
and episcleral tissue these vessels be(n)mo con- 
spicuous, and form a pinkish zone of straight vessels 
radiating from the eonieal margm. commonly 
known as the zomt of ciliary injection. In in- 
flammation of the iris and ciliary body this zone is 
present, since the sclera speedily becomes involved 
when these stnictures are inflamed. But in in- 
flammation of the cornea the sclera is seldom 
much affected, though tlie two are structurally 
continuous. This would appear to be due to the 
fact, that the nutrition of the cornea is derived from • 
a different source than that of the sclera. The 
sclera may bo ruptured subculaneously without any 
laceration of the conjunctiva and tlie rupture 
usually occurs near the corneal margin, where the 
tunic is thinnest. It m«.y be complicated with 
lesions of adjacent parts — lai-cration of the choroid, 
retina, iris, or suspensory ligament of the lens — 
and is then often attended with hmmorrbage into 
the anterior ohamlier, which masks the nature of the 
injury. In some cases the lens has escaped through 
the rent in the sclera and has been found under the 
conjunctiva. Wounds of the sclera are always 
dangerous, and are often followed by inflammation, 
suppuration, and by sympathetic ophthalmia. 

One of the functions of the choroid is to provide nutrition for the retina, and to convoy 
vessels and nerves to the ciliary body and iris. Inflammation of the choroid is therefore 
followed by grave ^turbancos in the nutrition of the retina, and is attended with early 
interference with vision. Its diseases bear a considerable analogy to those which affect 
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the skin, and it is one of the places from which melanotic sarcomata may grow. These 
tumours contain a large amount of pigment in their cells, and originate only in those parts 
where pigment is naturally present. 

The iris may be absent, either in part or altogether as a congenital condition, and in 
Borao instances the pupillary membrane may remain persistent, though it is rarelydcoinplete. 
Again, the iris may bo the seat of a malformation, termed colohamat which consists in 
a deficiency or cleft, clearly due in a great number of cases to an arrest in development. 
In these cases it is found at the lower aspect, extending direct/ly downwards from the 
pupil, and the gap frequently extends through the choroid to the entrance ot the optic 
nerve. In some rarer cases the gap is found in other parts of the iris, and is not then 
associated with any deficjicncy of the choroid. Wounds of the iris, especially if complicated 
with injury to the ciliary body, may bo followed by serious consequences. If septic 
matter is introduced, and a suppurative inflammation is set up, complete loss of vision 
may result ; and, what is i)erhaps of greater cjonsequence, similar inflammatory changes 
may be set up in the sound eye, from spreading of the infective process through the con- 
nective tissue surrounding the optic nerve to the commissure, and thence down the opposite 
nerve to the sound eye. The iris is abundantly supplied with blood-vessels and nerves, 
and is very prone to become inflamed, and when inflamed, in consequence of the intimate 
relationship which exists between the vessels of the iris and choroid, this latter tunic is 
very liable to participate in the inflammation. The iris is covered with ei^ithelium, and 
partakes of the character of a serous membrane, and, like these structures, is apt to pour 
out a plastic oxudjitioii, when inflamed, and contract adliesions, either to the cornea in 
front (sijnechia anterior), or to the capsule of the lens behind (synechia posterior). In iritis 
the lens may become involved, and the condition known as secondary cataract may 
be set up. Tumours occasionally commence in the iris ; of these, cysts, which are 
usually congenital, and sarcomatous tumours, are the most common. Gummata are not 
infrequently found in this situation. In some forms of injury of the eyeball, as from the 
impact of a spent shot, the rebound of a twig, or a blow with a whip, the iris may be 
detached .^rom the Ciliary muscle, the amount of detachment var3dng from the slightest 
degree to separation of the whole iris from its ciliary connection. 

The retina, with the exception of its jjigment layer and its vessels, is perfectly 
transparent when examined by the ophthalmoscope, so that its diseased conditions are 
recognised by its loss of transparency. In retinitis, for instance, there is more or less 
dense and extensive opacity of its structure, and not infrequently extravasations of blood 
into its substance. Haemorrhages may also take place into the retina, from rupture of 
a blood-vessel without inflammation. The retina may become displaced from effusion 
of serum between it and the choroid, or by blows on the eyeball, or may occur without 
ap])arent cause in progressive myopia, and in this case the ophthalmoscope shows an 
opaque, tremulous cloud. Glioma, a form of sarcoma, and essentially a disease of early 
life, is occasionally met with in connection with the retina. 

The lens has no blood-vessels, nerves, or connective tissue in its structure, and therefore 
is not subject to those morbid changes to which tissues containing these structures are 
liable. It does, however, present (jertain morbid or abnormal conditions of various kinds. 
Thus, variations in shape, and displacements, are among its congenital defects. Opacities 
may occur from injury, senile changes, or malnutrition. These opacities give rise to catarad, 
of which the senile variety is the most common. They vary as to the i)art of the lens in 
which the opacity commences, and are classifies] accordingly, as nuclear, cortical, lamellar, 
anterior and posterior polar. Senile changes may take pla(;e in the lens, impairing its 
elasticity and rendering it harder than in youth, so that it loses its power of altering its 
curvature to suit the requirements of near vision. This condition is known as presbyopia. 
And, finally, the lens may be dislocated or displaced by blows upon the eyeball ; and its 
relations to surrounding structures altered by adliesions or the pressure of new growths. 

There are two particular regions of the eye wliich require special notice : one of these 
is known as the ‘ filtration area,’ and the other as the ‘ dangerous jti-ea.’ The filtration 
area is the circumcorneal zone immediately in front of the iris. Here are situated the 
cavernous spaces of Fontana, which communicate with the canal of Schlemm through 
which the chief transudation of fluid from the eye is believed to take place. If any obstruc- 
tion to this transudation occur, increased intra-ocular tension is sot up, and the disease 
known as glaucoma results. The dangerous arexx, of the eye is the region in the neighbourhood 
of the ciliary body, and wounds or injuries in this situation are peculiarly dangerous ; 
for inflammation of the ciliary body is apt to spread to many of the other structures 
of the eye, especially to the iris and choroid, which are intimately connected with it by 
nervous and vascular supplies. 


Appendages of the Eye 

The appendages of the eye (organa oculi accessoria) include the eyebrows, 
the eyelids, the conjunctiva, and the lachrymal apparatus, viz. the lachrymal 
gland, the lachrymal sac, and the nasal duct. 
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The eyebrows (supercilia) are two arched eminences of integument, which 
surmount the upper circumference of the orbit on either side, and support 
numerous short, thick hairs, directed obliquely on the surface. In structure, 
the eyebrows consist of thickened integument, connected beneath with the 
Orbicularis palpebrarum, Corrugator supercilii, and Occipito-frontalis muscles. 
Those muscles serve, by tlieir action on this part, to (jontrol to a certain extent 
the amount of light admitted into the eye. 

The eyelids (palpebrie) are two thin, movable folds, placed in front of the 


Fig. 848. — ^Vertical section throngh the upper 
eyelid. (After'Waldcyer.) 
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eye, protecting it from injury by 
their closure. The uj)per lid is 
tlio larger, and the more movable 
of the two, and is furnished with 
an elevator muscle, the Levator 
palpebrie superioris. When the 
eyelids are open, an elliptical 
spa(‘e (nina palpefjf^arum) is hift 
between tluur margins, the angles 
of wliich correspond to the 
junctions of the upper and lower 
lids, and are called canthi. 

The outer canthvs (commis- 
sura j)alpebi'ariim lateralis) is 
more acute than tlio inner, and 
the lids hero lie in close contact 
with tlio globe : but the inner 
cauthus (commissura })alpebrai*um 
medialis) is ])r(>longed fftr a sliort 
distance inwards towards the 
nose, and ih(5 two lids are 
s(^paratod by a triangular space, 
tiu^ larus IncAwalis, At the basal 
angles of the laous lacrimalis, on 
th(^ margin of eaeh eyelid, is 
a small conical chwation, the 
lachrymal papilla^ the apex of 
which is pierced by a small 
orifice, the punctum htcriimde ^ the 
commencement of the lachrymal 
canal. 

The eyelashes (cilia) are 
attacdied to the fr(jo edges of the 
eyelids ; they are short, thick, 
curved hairs, arranged in a double 
or triple row at the margin of the 
lids : those of the upper lid, more 
numerous and longcir than those 
of the lower, curve upwards; those 
of the lower lid curve downwards, 
so tliat they do not interlace in 
closing the lids. Near the attach- 


ment of the eyelashes are the 
openings of a number gf glands, ylands of Moll, arranged in several rows (dose 
to the free margin of the lid. They are regarded as enlarged and modified 
sweat-glands. 

Structure of the eyelids.~'Thc eyelids are composed of the following 
structures taken in their order from without inwards ; integument, areolar 
tissue, fibres of the Orbicularis muscle, tarsal plate and its ligament, Meibomian 
glands and conjunctiva. The upper lid has, in addition, the aponeurosis of 
the Levator palpebrae (fig. 848). 

The integument is extremely thin, and continuous at the margins of the 
lids with the conjunctiva. 

The subcutaneous areolar tissue is very lax anjjl delicate, seldom contains 
any fat, and is extremely liable to serous infiltration. 
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The palpebral fibres of the Orbicularis muscle are thin, pale in colour, and 
possess an involuntary action. 

The tarsal plates (fig. 849) are two thin elongated plates of dense connective 
tissue, about an inch in length. They are placed one in each lid, and contribute 
to its form and support. The superior tarsal plate (tarsus superior), the larger, 
is of a semilunar form, about one-third of an inch in breadth at the centre, 

Fig. 849. — ^Tho tarsal plates and their ligaments. Right eye’; front view. (Testut.) 



and gradually narrowing towards each of its extremities. To the anterior 
surface of this plate the aponeurosis of the Levator })al])ebr8D is attached. The 
inferior tarsal plate (tarsus inferior), the smaller, is thinner, and of an elliptical 
form. The /’rfc or ciliary margins of th(\se jdates are thick, and 7 )resent perfectly 
straight edges. The attached or orbital margins ai'e connected to the circum- 
ference of tlie orbit by tlie superior and inferior palpebral ligaments. The outer 



angles are attached to the malar bone by the external tarsal ligament. The 
inner angles of the two plates end at the lacus lacrimalis, and are attached to 
the frontal process of the maxilla by the internal tarsal ligament or tendo oculi. 

The palpebral ligaments are membranous expansions situated one in each Ud, 
and attached marginally to the edge of the orbit, where they are continuous 
with the periosteum. The superior ligament blends with the tendon of the 
lievator palpebras and the superior tarsal plate, the inferior with the inferior 
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tarsal plate. Externally the two ligaments fuse to form the external tai'sal 
ligament, just referred to ; internally they are much thinner and, becoming 
separated from the internal tarsal ligament, are fixed to the lachrymal bone 
immediately behind the laclirymal sac. Together, the ligaments form an 
incomplete septum, the se/ptum orhitale, which is perforated by tlie vessels and 
nerves whicli pass from tlie orbital cavity to the face and scalp. 

The Meibomian glands (glandulaj tarsales) (fig, 850) ai'e situated upon the 
inner surfacc^s of the eyelids, between the tarsal plat<*s and conjunctiva- and 
may be distinctly seen througli tlu^ mucous membrane on everting the eyelids, 
presenting an appearances like parallel strings of pearls. They arc about thirty 
in number in the u})j»er eyelid, and somewhat fewer in the lower. Tbc^y are 
imbedded in grooves in the inner surfaces of the tarsal plates, and corrcjspond in 
length with the breadth of <^ach plate ; they ai-e, consecpiently, longer in tlie 
upper than in the lower eyelid. Ilieir ducts open on the free margins of tlie lids 
by minute foramina whidi correspond in number to the follicles. The use of 
their secretion is to prevent adhesion of the lids. 

Structure,— These glands are a variety of the cutaneous sebaceous glands, 
each consisting of a single straight tube or follicle, having a ca'cal termination, 
and with nunuTous small lateral diverticula ojiening into it. Tlic tubes are 
supported by a basement- nn'rnbrane, and are lined at thcii* mouths by stratified 
epitludium ; the dee})er parts of tVo tubes and ilic lateral offshoots are lined 
by a layiir of polyhedral cells. They arc thus identical in structure with tlie 
sebaceous glands. 

The conjunctiva is the mucous membrane of the eye. It lines the inner 
surfaces of tlii^ eyelids, and is reflected over the fore-part of the sclera and 
eorm^a. In catdi of these situations its structure presents some jioeuliarities. 

The palpebral portion is tliick, oiiaque, highly vascular, and covwed with 
numerous jiapilla^ its deep(‘r parts yirosenting a considerable amount of 
lymphoid tissue. At the margins of the lids it becomes continuous with the 
lining membrane of the ducts of the Meibomian glands, and, through the 
lachrymal canals, with the lining membrane of the laclirymal saii and nasal 
duct. At the outiu* angle of the upper lid the lachrymal ducts ojion on its free 
siuiace ; and at Hkj iiinc'r angle of tlu‘. eye it forms a semilunar fold, the plica 
semilunaris. 1’lie line of reflection of the conjunctiva from the upper lid on 
to tlui eyeball is named i\\o fornix con junctivcc superior and that from the lower 
lid tlie fornix conjunHivcB inferior. Upon the sclera the conjunctiva is loosely 
connected to the globe ; it becomes thinner, loses its papillary structure, is 
transparent, and only slightly vascular in health. Upon the cornea, tlie 
conjunctiva consists only of (‘])ithelium, constituting the stratified epithelium 
of the cornea, already described (see page 1013). Jjymplwtics arise in the 
conjuncjtiva in a delicate zone around tlie cornea, from which tJjc vessels run 
to the ocular conjunctiva. 

In and near the forniees, but more phmtiful in the upper than in tlu^ lower 
lid, n number of eonv'oluted tubular glands open on the surface of the con- 
junctiva. Otluir glands, analogous to Jynqihoid follic]<\s, and (tailed by llenlo 
trachoma glands, are found in the eoiijuiietivu, and, aeciording to Strolinu*yer, are 
chiefly situated nca]‘ the imicr eantiius of the eye. They were first described 
by Brush, in his destuiption of Beyer’s prftcbcs of the small intestine, as 
‘ identical structtires exist iiig in the under ej^elid of tlu* ox.’ 

The caruncula lacrimalis is a small, reddisli, conical-shaped body, situated 
at the inner canthus of the eye, and filling ux) the lacus lacrimalis. It consists 
of a small island of skin containing riebaceous and sweat glands, and is the 
source of the whitish secretion which constantly collects at the inner angle 
of the eye. A few slendiu- hairs are attached to its surface. On the outer side of 
the caruncula is a slight semilunar fold of mucous membrane, the concavity of 
which is directed towards the cornea ; it is called the plica semilunaris. Muller 
found smooth muscular fibres in this fold, and in some of th(^ domesticated 
animals a thin plate of cartilage has been discovered. This structure is 
considered to be the rudiment of the third eyelid in birds, the membrana 
nictitans. 

The nerves in the conjunctiva are numerous and form rich plexuses. According to 
Krause they terminate in a peculiar form of tactile corpuscle, which he terms ‘ terminal 
bulb.* 
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Lachrymal Apparatus (fig. 851) 

The lachrymal apparatus (apparatus lacrimalis) cjcmaisj^ of^the lachrymal 
glands which secretes the tears, and its excretory ducts which convey the fiuid 
to tTio surface of the eye ; the fluid lachrymal canals into 

the lac hrym aLaac, and along the the cavity of the nose. 

The lacfirymal gland is li^ged in the lachrymal fossa, on the inner side of 
the e xter nal angular process of the frontfJ bone. It is of an oval form, about 
the size and shape of an almond, and consists of an upper and a lower portion. 
The upper portion {glandula lacrimalis superior) is connected to the periosteum 

* of the orbit by a few fibrous* 
bands, and rests upon the Superior 
and External recti, which 
separate it from the globe of the 
eye. Tlie lower part (glandula 
Tacrimalis inferior) is separated 
from the upper by a fibrous 
septum, and projects into the 
back part of the upper eyelid, 
wlicre its deep surface is related 
to tlui conjunctiva. Thedunts of 
the gland, from six to twelve in 
number, run obliquely beneath 
the mucous membrane for a short 
distance, and, separating from 
each other, open by a series of 
minute orifices on tla*, upper and 
outer half of the conjunctiva, 
near the su])(*rior fornix. 'I'liese 
in'ific(\s arc iUTang(^d in a row, so 
as to disj)crs(^ the secretion over 
tile surface of tlic nuunbram^. 
Structure of the lachrymal glaml 
(fig. 852). — In structure and general appearance tlio laclirymal resembles tlio 
serous salfvary glands (page 1112). In the recent state the (;ells ar(j so crowded 
with granules that tiujir limits can hardly be defined. They contain oval 
nuclei, and tlie cell protoplasm is finely fibrillated. 

. The lachrymal canals (ductus lacrim ales) comrnepce at the minute orifices, 
puncta lacrimalia, on the summit of small conical elevations, the papillce 
lacrimalfji, seen on the margins of the lids, at the outer extremity of the lacus 
lacrimalis. The superior canal, the smaller and shorter of the two, at first 
ascends, and then bends at aii!i»<icait(i angle, 
and passes inwards and downwards to the 
lachrymal sac. The inferior canal at first 
descends, and then passes almost horizontally 
inwards to the lachrymal sac. • They are 
dense and elastic in structure and are dilated 
into ampullce at their angles. The mucous 
membrane is covered with stratified scaly 
epithelium, placed on a basement membrane. 

Outside the latter is a layer of striped 
muscle, continuous with the Tensor tarsi ; 
at the bases of the lachrymal pajiillse the 
fibres of tliis layer are circularly arranged 
and form a kind of sphincter. 

The lachrymal sac (sa(’.cus lacrimalis) is the upper dilated extremity of the 
nasal duct, and is lodged in a deep groove formed by the lachrymal bone 
and frontal process of tlie maxilla. It is oval in form, its upper extremity 
being closed in and rounded, wiiile below, it is continued into the nasal duct. 
It is covered by a fibrous expansion derived from the tendo oculi, and on its 
deep surface it is crossed by the Tensor tarsi muscle (Homer’s muscle, page 460), 
which is attached to the ridge on the lachrymal bone. 


Fig. 852. — Alveoli of lachrymal 
gland. 
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Structure. — The lachrymal sac consists of a fibrous elastic, coat, lined 
internally by mucous membrane : the latter being continuous, through the 
lachrymal canals, with the mucous lining of the conjunctiva, and through 
the nasal duct with the mucous membrane of the nose. 

Tlie nasal duct (ductus nasolacrimalis) is a membranous canal, about 
three-quarters of an inch in length, which extends from the lower part of the 
lachrymal sac to the inferior meatus of the nose, where it terminates by a 
somewhat expanded orifice, provided with an imperfect valve, the plica lacri- 
malts {Hasneri)^ formed by a fold of the mucous membrane. It is contained 
in an osseous canal, formed by the maxilla, the lachrymal, and the inferior 
turbinated, is narrower in the middle than at cither extremity, and takes 
a. direction downwards, backwards, and a little outwards. It is lined by 
mucous membrane wliich is continuous below with that of the nose. This 
membrane in the lachrymal sac and nasal duet is covered with columnar 
epitlielium as in the nose ; tiiis epithelium is in places ciliated. , 

Surface Form . — The palpebral fissure, or opening between the eyelids, is elliptical in 
■ shai>e, and differs in size ill different individuals and in different races of mankind. In 
the Mongolian races, for instance, the opening is very small, merely a narrow fissure, 
and this makes the eye appear small in these races, whereas the size of -the eyeball is 
relatively very constant. The normal form •: ' the fissure is oblique, in a direction ui)wards 
and outwards, so that the outer angle is on a slightly higher level than the inner. This 
is exaggerated in the Mongolian racjes, in whom, owing to the upward projection of 
the malai bone and tlie shortness of the external angular process of the frontal bone, 
the tarsal plate of the upper lid is raised at its outer part, and gives a very oblique direction 
to the j)a]pebral lissiire. When the eyes are direcjted forw'ards, as in ordinary vision, 
the upper i)art of tlie cH)riiea is covert^d by the upx)cr lid, and the lower margin of the 
cornea corresponds to the level of the lower lid, so that about the lower thrce-fotlrths of 
the cornea are exfiosod under ordinary circjuinstanccs. 

On the margins of tlic^ lids, about a quarter of an inch from the inner canthus, are 
two small openings, the pimcta lar.rim.alia., the commencement of the lachrymal canals. 
They are best scon by everting the eyelids. In the naturjil condition they are in contact 
with the conjunctiva of the eyeball, and are maintained in this position by the Tensor 
tarsi muscle, so that the tears running over the surface of the globe easily find their way 
into the lachrymal (canals, 'riie position of the lachrymal sac into which the canals open 
is indica ted by a little tubercle (page 282 ), which is plainly to be felt on the lower margin 
of the orbit. The lachrymal sac lies immediately above and to the inner side of this 
tubercle, and a knife passed through the sldn in this situation would open the cavity. 
The position of the lachrymal sac may also be indicated by the tondo oculi, or internal 
tarsal ligament. If both lids he drawm outwards so as to tighten the skin at the inner angle, 
a prominent cord will be seen beneath the tightened skin. This is the tendo oculi, which 
lies directly over the lachryniaj sac, bisecting it, and thus forming a useful guide to its 
situation. A knife entered immediately buueatli the tense cord would open the lower part 
of the sac. A probe intn)duced through this oponmg can he feadily passed dou n wards, 
through the duct into the inferior meatus of tlio nose. 'J'he direction of the duct is 
downwards, outwards, and backwards, and this course s^hould bo borne in mind in passing 
the probe, otherwise the point may be driven through the thin bony walls of the canal. 
A convenient plan is to direct the probe in such a manner, that if it were pushed onwards 
it would strike the first molar tooth of the mandible on the same side of the head. In other 
words, the surgeon standing in front of his patient should carry in his mind the position of 
the first molar tooth, and should push his probe onwards as if ho desired to roach this 
structure. 

Beneath the internal angular pro(;ess of the frontal bone, the pulley of the Superior 
oblique (ian be plainly felt by pushing the finger backw^ards between the upper and inner 
angle of the eye and the roof of the orbit ; passing backwards and outwards from this 
pulley tlie tendon can be felt for a short distance. 

Applied Ariatomy . — The eyelids are composed of various tissues, and consequently 
are liable to a variety of diseases. The skin .wliich covers them is exceedingly thin and 
delicate, and is sup2)ortod on a quantity of loose areolar subcutaneous tissue, which 
contains no fat. In consequence of this it is very freely movable, and is liablc^' to be drawn 
down by the contraction of neighbouring cicatrices, and thus produce an eversion of the 
lid, known as ectropion. Inversion of the lids (entropion) from spasm of the Orbicularis 
palpebrarum or from chronic ihfiammation of the palpebral conjunctiva may also occur. 
The eyelids are richly supplied with blood, and are often the seat of vascular growths, 
such as naovi. Rodent ulcer frequently^ commences about the inner canthus. The 
loose cellular tissue beneath the sldn is liable to become extensively infiltrated cither 
.with blojjd or inflammatory products, producing very great swelling. Even from very 
slight injuries to this tissue, the extravasation of blood may be so great as to produce 
considerable swelling of the lida and complete closure of the eye, and the same is the case 
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ivhen inflammatory products are poured out. The follicles of the eyelashes, or the seba- 
ceous glands associated with these follicles may, be the seat of inflammation, constituting 
the ordinary ‘ sty.’ The Meibomian glands are affected in the so-called * tarsal tumour ’ : 
the tumour, according to some, being caused by the retained secretion of these glands ; 
by others it is boliov^ to be a neoplasm connected with the gland. The ciliary follicles 
are liable to become inflamed, constiWting the disease known as blepharitis ciliaris or ‘ blear 
eye.’ Irregular or disorderly growth of the eyelashes not infrequently occurs ; some 
of them being turned towai^ the eyeball and producing inflammation and ulceration 
of the cornea, and possibly eventually complete destruction of the eye. The Orbicularis 
palpebrarum may be the seat of spasm, either in the form of slight quivering of the lids ; 
or repeated twitch ings, most commonly due to errors of refraction in children ; or more 
continuous spasm, due to some irritation of the fifth or seventh cranial nerve. The Orbi- 
cularis may be paralysed, generally associated with paralysis of the other facial muscles. 
Under these circumstances the patient is unable to close the lids, and, if he attempts to 
do so, rolls the eyeball upvrards under the upper lid. The tears overflow from displacement 
of the lower lid, and the conjunctiva and cornea, })eing constantly exposed and the patient 
being unable to wink, become irritated from dust and foreign bodies. Ptosis, or dropping 
of the upper eyelid, may be congenital, or may be due to paralysis of the l.< 5 vator i)aJpebrflo 
superioris, in which case there will probably be other s3maptoms of implication of the 
third nerve. The eyelids may be the seat of bruises, w ounds, or burns. Following burns, 
adhesion of the margins of the lids to each other, or adliesion of the lids to the globe, may 
take place. The eyelids are sometimes the seat of cmT)hysema, after fracture of some of 
the thin bones forming the inner wall of the orbit. If shortly after such an injury the 
patient blows his nose, air is forced from the nostril through the lacerated structures 
into the connective tissue of the eyelids, which suddenly swell up and jwesent the peculiar 
crackling characteristic of this affection. 

Foreign bodies frequently get into the conjunctival sac and cause great pain, especially 
if they come in contact with the corneal surface, during the movements of the lid and 
the eye on efich other. 'J’hc conjunctiva is often involved in severe injuries of the 
eyeballfbut is seldom ruptured alone; the most common form of injury to the conjunctiva 
alone is from a burn, either from fire, strong acids, or lime. In these cases union is liable 
to take place between the eyelid and the eyeball. The conjunctiva is often the seat of 
inflammation arising from many dillerent causes, and the arrangement of the conjunctival 
vessels should be remembered as affording a means of diagnosis between this condition 
and injection of the sclera, which is present in inflammation of the deeper structures 
of the globe. The inflamed conjunctiva is bright red ; the vessels arc large and tortuous, and 
greatest at the circumference, shading off towards the (jorneal margin ; they anastomose 
freely and form a dense network, and tJioy can bo emptied or displaced by gentle pressure. 
Inflammation of the underlying solera, ciliary body, or iris, is a far more serious 
condition ; the injection is in the deeper vessels of the eye, and as seen Hj rough the 
Hc;lera presents a diffuse and dull purplish or violet zone of circumcornoal discjoloration. 

The lachrymal gland is occasionally, though rarely, the seat of inflammation, either 
acute or chronic ; it is nlso sometimes the scat of tumours, benign or malignant, and for 
these may require removal. This may lie done by an incision through the skin, just below’ 
the eyebrow ; and the gland, being invested with a special capsule of its own, may be 
isolated and removed, without opening the general cavity of the orbit. The canaliculi 
may be obstructed, either as a congenital defect, or by some foreign body, as an eyelash 
or a dacryolith, causing the tears to run over the cheek. The canaliculi may also become 
occluded as a result of bums or injury ; overflow' of the tears may in addition result from 
deviation of the puncta, or from chronic inflammation of the lachrymal sac. This latter 
condition is set up by some obstruction to the nasal duct, frequently occurring in tuber- 
culous subjects. In consequence of this the tears and mucus accumulate in the lachrymal 
sac, distending it. Suppuration in* the lachrymal sac is sometimes met with ; this may 
be the sequel of a chronic inflammation ; or may occur after some of the eruptive fevers, 
in cases where the lachrymal passages were previously quite healthy. It may lead to 
lachT3anal fistula from an abscess forming in the sac, which bursts or is opened on the 
surface ; and this condition is often seen in badly nourished, tuberculous children. 


THE EAR 

The organ of hearing (organon auditus) is divisible into three parts : the 
external ear, the middle ear or tympanum, and the internal oar or labyrinth. 

The ExTEKNAii Ear 

The external ear consists of the expanded portion named the pinna 
or auricula^ and the d'liditory canal or meatus. The former serves to collect 
the vibrations of the air by which sound is produced ; the latter conducts those 
vibrations to the tympanum. 
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The pinna or auricula (fig. 853) is of an ovoid form, with its larger end 
directed upwards. Its outer surface is irregularly concave, directed slightly 
forwards, and presents numerous eminences and depressions to which names 
have been assigned. Thus the external prominent rim of the auricle is called 
the helix. Where the helix turns downwards behind, a small tubercle, the tvherde 
of Darioin (tuberculum auriculae) is frequently seen. This tubercle is very 
evident about the sixth month of foetal life ; at 

this stage the human pinna has a close resem- 863.— The pinna, or auricle, 

blance to that of some of the adult monkeys. Outer surface. 

Another curved prominence, parallel with and 
in front of the helix, is called the antihcUx ; this 
divides above into two crura, which enclose a 
triangular depression, the fossa of the antihelix 
(fossa triangularis). The narrow curved de- 
pression between the helix and tlio antihelix is 
called the/o55a of the helix (scapha) ; the antihelix 
describes a curve round a deep, capacious 
cavity, the concha auriculce, which is partially 
divided into two parts by the erns helicis or the 
commencement of the helix ; the upper part is 
termed the cymha conchce, tlie lower part the 
cavum conchte. In front of the conclia, and 
projecting backw ards over the meatus, is a small 
pointed eminence, the tragus : so called from 
its being generally (!OveT*cd on its under surface 
with a tuft of hair, resembling a goat’s beard. 

Opposite the tragus, and separated from it by 
a deep notch (incisura intertragica) , is a small 
tubercle, the antitragus. Below this is the 
lobule (lobulus auriculap), composed of tough 
areolar and adipose tissues, and wanting the firmness and elasticity of the 
rest of the pinna. 

The cranial surface of the pinna pn^sents elcvat ions which correspond to the 
dej)ressions on its outer surface and after w hich tiiey ai e named, e.g. (eminent ia 
conchflo, emin(»ntia triangularis, &c. 

Structure of the pinna . — The pinna is composed of a thin ])late of yt^llow 
fibro-cartilage, covered with integument, aiul connected to the surrounding 

Fio. 854. — Cranial surface of cartilage of right }>inna. 




parts by the extrinsic ligaments and muscles ; and to the commencement of 
the external auditory canal by fibrous tissue. 

The iniegument is thin, closely adherent to the cartilage, and covered w'ith 
hairs furnished with sebaceous glands wdiich are most numerous in the concha 
and scaphoid foss{.^. The hairs are most numerous and largest on the tragus 
and antitragus. 
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The cartilage of the pinna (cartilage auriculsB) (figs. 864, 866) consists of one 
single piece ; it gives form to this part of the ear, and upon its surface are found 
all the eminences and depressions above described. It does not enter into the 
construction of all parts of the auricle; thus it docs not form a constituent part 

of the lobule ; it is deficient, 
Pig. 855. — The muscles of the pinna. also, between the tragus and 

beginning of the helix, the gap 
being filled up by dense fibrous 
tissue. At the front part of 
the pinna, where the helix 
bends upwards, is a small pro- 
jection of cartilage, called the 
spirui helicis, while the lower 
part of the helix is prolonged 
downwards as a tail-like pro- 
cess, the cavda helicis ; this is 
separated from the antihelix by 
a fissure, the fissura antitrago- 
helicina. The cranial aspect of 
the cartilage exhibits a trans- 
verse furrow, the sulcus anti- 
helicis transversus, whi(;h cor- 
responds with the inferior crus 
of the antihelix and separates 
the prominence producc^d by 
the concha from that caused 
by the fossa triangularis. The 
cminentia conchieis crossed by 
a vertical ridge {ponticulus) 
which gives att achment to the 
Rt'irahens auriculam muscle. 
The cfirtilago of tho pinna 
presents several intervals or 
fissures in its substance, w’hich 
partially separate the different 
parts. The fissure of the helix is a short vertical slit, situated at the fore- 
part of the pinna. Another fissure, the fissure of the tragus, is seen upon 
the a,nterior surface of tho tragus. The cartilage of the pinna is of that form 
wiiich is known as j^ellow’ fibro-cartilage. 

Tlie ligamerUs of the pinna consist of two sets: (1) extrinsic, connocting it to the side of 
the head ; (2) intrinsic, connecting various parts of its cartilage together. 

The extrinsic ligaments arc two in nuinljcr, anterior and posterior. The anterior ligament 
extends from the spina helicis and tragus to the root of the zygoma. Tho posterior 
ligament passes from the posten-ior surface of the concha to tho outer surface of the mastoid 
process of the temporal bone. 

The chief intrinsic ligaments are : (a) a strong fibrous band, stretching across from 
the tragus to the commencement cf the helix, completing the meatus in front, and partly 
encircling the boundary of the concha ; and (6) a band which extend between the antihelix 
and tho cauda helicis. Other less important bands are found on tfie cranial surface of the 
pinna. 

The muscles of the. pinna (fig. 855) consist of two sets : (1) tlie extrinsic, which connect 
it with the side of the liead, moving the i>inna as a whole, viz. the Attollens, Attrahons, 
and Retrahens auriculam (page 45fi) ; and (2) the intrinsic, which extend from one part of 
the auricle to another, viz. r 

ITeluus major. Antitragicus. 

Heli<;i8 minor. Transversus auriculae^ 

Tragicus. Obliquus auriculse. 

The^IfeZicts major is a narrow vertical band of muscular fibres, situated ^upon the 
anterior margin of the helix. It arises below, from the crus helicis, and is inserted into 
the anterior border of the helix, just where it is about to curve backwards. 

The Helicis minor is an oblique fasciculus, which covers the crus helicis. 

The Tragicus is a short, flattened vertical band of muscular fibres situated upon the 
outer surface of the tragus. 
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The AmJtUrtigicus arises from the outer part of the antitragus : its fibres are inserted 
into the cauda helicis and antihelix. This muscle is usually very distinct. 

The Tranaveraua auricidce is placed on the cranial surface of the pinna. It consists 
of scattered fibres, partly tendinous and partly muscular, extending from the convexity 
of the concha to the prominence corresponding with the groove of the helix. 

Fio. 856. — front view of the organ of hearing. Right side. 



The OhUifUus auriculas consists of a few fibres extending from the upper and back part 
of the concha to the (’onvexity immediately above it. 

The arteries of the 'pinna are the posterior auricular from the external cjarotid, the 
anterior auricular from the temporal, and an auricular branch from the occipital artery. 
The veins accompany the corresponding arteries. 

Fig. 857. — Horizontal section through left car ; upper half of section. 

VlufiiacUian lube 



The nerves are : the great auricular, from the cervical plexus ; the auricular bninoh 
of the pneumogastric ; the auriculo-temporal branch of the inferior maxillary nerve ; 
the small occipital from the cervical plexus, and the groat occipital or internal branch of 
the posterior primary division of the second cervical nerve. The muscles of the pinna are 
supplied by the facial nerve. 

* Thefauditory canal (meatus acusticus ex^ernus) extends from tho bottom 
of the concha to the inembrana tympani (figs. 856, 857). It is about an inch and 
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a half in length if measured from the tragus ; from the bottom of the concha its 
length is about an inch. It forms a sort of S-shaped curve, and is directed at* 
first inwards, forwards, and slightly upwards (pars externa) ; it then passes 
inwards and backwards (pars media), and lastly is carried inwards, forwards, 
and slightly downwards (pars interna). It forms an oval cylindrical canal, the 
greatest diameter being in the vertical direction at the external orifice, but 
nearly in tlie horizontal direction at the ty?npanic end. It presents two con- 
strictions, one near the inner end of tlio cartilaginous portion, and another, the 
isthmv^, in the osseous portion, about tJirec-quarters of an inch from the bottom 
of the concha. The membrana tympaiii, wliich closes the inner end of the 
meatus, is obliquely directed ; in consequence of this the floor of the canal 
is longer tlian the roof, and tlie anterior wall longer than the posterior. The 
auditory canal is formed partly by cartilage and membrane, and partly by bone, 
and is lined by skin. 

The cartilaginous portion is about one- third of an inch (8 mm.) in length; 
it is continuous with the cartilage of the pinna, and firmly attached to the 
circumference of the auditory process of the temporal bone. Ilic (jartilage is 
deficient at its U])per and back part, its place being sup 2 )li(?d by fibrous 
membrane. This part of the canal is rendered frtudy movable by two or 
three deej) fissures (incisures Santorini) which extend fhrougli the cartilage in 
a vertical direction. 

The osseovM portion is about two-thirds of an inch (16 mm.) in lengtli, and 
narrower than the (lartilaginous portion. It is directed inwards and a little 
forw'ards, forming in its course a sliglit curve tlie convexity of wliich is upwards 
and backwards. Its inner end, which communicates, in the dry bone, with the 
cavity of the tymj^aniim, is smaller than the outer, and sloped, the anterior 
wall projecting beyond the jiosterior for about one-sixth of an inch ; it is 
marked, except at its ujqier jjart, by a narrow groove, the sulcus tympanicus, 
in wliich the circumference of the membrana tympani is attached. Its ouUt 
end is dilated and rough in the greater part of its circumference, for the attach- 
ment of the cartilage of tlie pinna. Its transverse si^etion is oval, the 
greatest diameter being from above downwards and backw\ards. The front and 
lower jjarl/S of tliis canal are formed by a curved jdate of bone, the tympanic 
plate, wdiich, in the foetus, exists as a separate ring (annulus Ixjmpanicns), 
incomplete at its upper part. Sc^e section on Osteology (page 231). 

The skin lining tlu‘/ meatus is very thin, adlu^rcs closely to the cartilaginous 
and osseous jiortioris of the tube, and clovers the surface of the membrana 
tympani, forming its outer layer. After maceration, the thin pouch of 
epidermis, w hen withdrawn, preserves the form of the meatus. In the thick 
subcutaneous tissue of the cartilaginous part of the meatus are numerous 
ceruminous glands, which secr(ilo thc^ ('ar-wax. They r(^semble in structure 
sw’eat-glands, and their ducts oiien on th(‘ surface of the skin. 

Relations of the meatus , — In front of the osseous part is the c.ondyle of the mandible, 
which, however, is separated from the cartilaginous part by the retro-mandibular part 
of the parotid gland. The movements of the jaw’ influence to some extent the lumen of 
this latter portion. Behind tlie osseous part are the mastoid air-cells, scjiarated from 
the meatus by a thin layer of bone. • 

The arteries supplying the meatus are branches from the posterior auricular, internal 
maxillary, and temporal. 

The nerves are chiefly derived from the auriculo- temporal branch of the inferior 
maxillary nerve and the auricular branch of the pneumogastric. 

Applied Anatomy, — Malformations, such as imperfect devoloynnent of the external 
parts, absence of the meatus, or supernumerary auricles, arc occasionally met with. The 
skin of the auricle is thin and richly supplied with blood, but in spite of this it is often 
the seat of frost-bite, duo to the fact that it is much exposed to cold, and lacks the usual 
underlying subcutaneous fat found in most other parts of the body. A collection of blood 
is sometimes found between the cartilage and ^lerichondrium (hcevrboUma auris), usually 
the result of traumatism, but not necessarily due to this cause. It is said to occur most 
frequently in the ears of the insane. Keloid sometimes grows in the auricle around the 
puncture made for earrings, and epithelioma occasionally affects this part. Deposits of 
urate of soda are often mot with in the pinna in gouty subjects. 

The external auditory meatus can bo most satisfactorily examined by light reflected 
down a funnel-shaped speculum ; by gently moving the latter in different directions the 
whole of the canal and membrana tympani can be brought into view. In using this 
instrument, it is advisable that the pinna should be drawn upwards, backwards, and a 
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little outwards, so as to render the canal as straight as possible. The points to be 
' noted are, the presence of wax or foreign bodies ; the size of the canal ; and the condition 
of the membrana tyinpani. Accumulation of wax is often a cause of deafness, and may 
give rise to very serious consequences, such as ulceration of the membrane, and it is best 
removed by syringing. Foreign bodies are not infrequently introduced into the ear by 
children, and, when situated in the first portion of the canal, may bo removed with toler- 
able facility by means of a minute hook or loop of fine wire, aided by reflected light ; 
but when they have slipped beyond the narrow middle part of the meatus, their removal 
is in no wise easy, and attempts to elTcct it, in inexperienced hands, may be followed 
by destruction of the membrana tympani and possibly the contents of the tympanum. 
Tlio calibre of the external auditory canal may be narrowed by inflammation of its 
lining membrane, running on to suppuration ; by periostitis ; by polypi ; or by exostoses. 

At the point of junction of the osseous and cartilaginous portions an obtuse angle, 
which projects into the tube at its antero-inferior wall, is formed. This produces a 
sort of constriction in this situation, and renders it a narrow portion of the canal — an 
important jioint to be borne in mind in connection with the presence of foreign bodies in 
the ears. Tfie cartilaginous is connected to the bony part by fibrous tissue whkjb renders 
the outer part of the tube very movable, and therefore by drawing the pinna upwards 
and backwards the canal is rendered almost straight. At the external orifice arc a few 
short, crisp hairs, which serve to prcivent the entrance of small particles of dust, or flies 
and other insects. In tlie external auditory meatus the secretion of the ceruminous 
glands serves to catch any small particles Wiic.h may find their way into the canal, and 
prevent their reaching the membrana tympani, where their presence might excite irritation. 
The shortnass of the canal in children should be borne in mind in introducing the aural 
speculum, so that it bo not puslied in too far, at the risk of injuring the membrana 
tympani ; indeed, even in the adult the speculum should never be introduced beyond the 
constriction which marks the junction of the osseous and cartilaginous portions, and 
thus assist the operator in obtaining, by the aid of reflected light, a good view of the 
membrana tymjiani. Just in front of tlio membrane is a well-marked depression, aituated 
on the floor of the canal, and bounded by a somewliat prominent ridge ; in this foreign 
bodies may become lodged. By aid of the s|)e(Mduni, combined with traction of the auricle 
ui)wards and backw'ards, the greater part of the membrana tympani is rendered visible. 
It is a pearly-grey membrane, slightly glistening in the adult, placed obliquely, so as to 
form w’ith the floor of the meatus a very acute angle (about fifty-five degrees), w'hilo with 
the roof it forms an obtuse angle. At birth it is more horizontal, situated in almost the 
same plane as the base of the skull. About midway between the anterior and posterior 
margins of the membrane, and extending from the (lentre obliquely upw^ards, is a 
roddisli-yellow streak ; this is the handle of the malleus, whk'Ji is inserted into the 
membrane. At the upper part of this streak, (‘lose to the roof of the meatus, a little white, 
rounded prominence is plainly to be, seen ; this is the processus brevis of the malleus, 
projecting against the membrane. The membrana tympani does not present a plane 
surface ; on the contrary, its eeiitro is drawn inwards, on account of its connection with 
the handle of tlie malleus, and thus the external surface is rendered concave. 

The connections of the nerves of the meatus explain the fact of the occurrenco, in 
cases of irritation of the mcalus, of constant coughing and sneezing, from implication of 
the piieumogastric, and the vomiting which may follow^ syringing the ears of children, and 
the occasional heart failure similarly induced in elderly people. No doubt also the 
association of earache with toothache or with cancer of the tongue is due to implication 
of the inferior maxillary, a branch of the fifth, which supplies also the teeth and the 
tongue. The ujipor half of the membrana tympani is much more richly supplied with 
blood th.an the low'er half. For this reason, and also to avoid the chorda tympani nerve 
and ossicles, incisions through the membrane should be made at the lower and posterior 
part. 

• The Middle Ead, oti Tympanum 

The middle ear, or tympanic cavity (cavuni tympani) is an irregular 
laterally compressed cavity, situated within the temporal bone. It is filled 
with air, and communicates with the naso-pharynx by the Eustachian tube. It 
contains a chain of movable bones, which connect its outer to its inner wall, 
and serve to convey the vibr*ations communicated to the membrana tympani 
across the cavity to the internal ear. 

The tympanic cavity consists of two parts : the atrium or tym'panic cavity 
proper j opposite the tympanic membrane, and the attic or recessus epitympani- 
cus, above the level of the upper part of the membrane ; the latter contains 
the upper half of the malleus and the greater part of the incus. Including the 
attic the vertical and antero-posterior diameters of the tympanic cavity 
each measures about fifteen millimetres. From without inwards it measures 
' about six millimetres above and four millimetres below ; opposite the centre 
of the tympanic membrane it is only about two millimetres. It .is bounded 
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externally by the membrana tympani and meatus ; internally, by the outer 
wall of the internal ear ; it communicates, behind, \nth the mastoid antrum 
and through it with the mastoid cells, and in front with the Eustachian tube. 

The roof (paries tegmentalis) is broad, flattened, and formed of a thin plate 
of bone {tegmen tympani), which separates the cranial and tympanic cavities. 
It is situated on the anterior surface of the petrous portion of the temporal 
bone close to its angle of junction with the squamous portion of the same bone, 
and is prolonged backwards so as to roof in the mastoid antrum ; it is also 
carried forwards to cover in the canal for the Tensor tympani muscle. Its outer 
edge corresponds with the remains of the petro-squamous suture. 

The floor (paries jugularis) is narrow, and is separated by a tliin plate 
of bone (fundus tympani) from the jugular fossa. It presents, near the inner 
wall, a small aperture for the passage of Jacobson’s nerve. 

The outer wall (paries membranacea) is formed mainly by the membrana 
tympani, partly by the ring of bone into which this membrane is inserted. 


Fig. 858. — Coronal section of right temporal bone. 
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This ring of bone is incomplete at its upi)er part, forming a notch (incisura 
liivini), close to which are three small apertures : the iter chordai posterius, the 
Glaserian fissure, and the iter chordae anterius. 

The iter chordoi posterius (apertura tympanica canaliculi chordae) is situated 
in the angle of junction between the posterior and outer w alls of the tympanum, 
immediately behind the membrana tymijani and on a level with the upper end 
of the handle of the malleus ; it leads into a minute canal, which descends in 
front of the aquasductus Fallopii, and terminates in that canal near the stylo- 
mastoid' foramen. Through it the chorda tympani nerve enters the tympanum. 

The Glaserian fissure (fissura petrotympanica) opens just above and in 
front of the ring of bone into which the membrana tympani is inserted ; in this 
situation it is a mere slit about a lino in . length. It lodges the long process 
and anterior ligament of the malleus, and gives passage to the tympanic 
branch of the internal maxillary artery. 

The iter (^lordoB anterius (canul of Huguier) is placed at the inner end of the 
Glaserian fissure ; through it the chorda tympani nerve leaves the tympanum. 
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The inner wall (paries labyrinthica) (lig. 858) is vertical in direction, and 
looks directly outwards. It presents for examination the following parts : 

Fenestra ovalis. Promontorium. 

Fenestra rotunda. Prominentia canalis facialis. 

The fenestra ovalis (fenestra vestibuli) is a reniform opening leading from 
the tympanum into the vestibule of the internal ear ; its long diameter is 
directed horizontally, and its convex border is upwards. In the recent state 
it is occupied by the base of the stapes, the circumference of which is fixed 
by the annular ligament to the margin of tlic foramen. 

The fenestra rotunda (fenestra cochlese) is situated below and a little behind 
the fenestra ovalis, from which it is separated by a rounded elevation, the 
jyromontarium. It is placed at the bottom of a funnel-shaped depression and, 
in the macerated bone, k^ads into the cochlea of the internal ear ; it is closed 
in the recent state by a membrane {memhrana iympani secundaria) which 
is concave towards the tympanum, convex towards the cochlea. This 
membrane consists of three layers : an external, or mucous, derived from 
tlie mucous lining of the tympanum ; an internal from the lining membrane of 
the coclilea ; and an intermediate, or fibrous layer. 

* The promontorium is a rounded hollow prominence, formed by the projection 
outA\ ards of iho. first turn of the cochlea ; it is placed between the fenestrac, 
and is furrowed on its surface by three small grooves, which lodge branches 
of the tympanic plexus. A minute spicule of bone frequently connects the 
I)roraontorium to the pyT*aniid. 

The prominentia canalis facialis indicates the position of the bony canal 
(aqujeductiis FalJofiii), in whi<;h tlui facial m^rvi^ is contained ; this canal U^a verses 
the inner wall of the tympanum above the fem^sira ovalis, and behind' that 
opening curves nearly vertically downwards along tluj posterior wall. 

The posterior wall (paries rnastoidea) is A^ider above than below, and 
presents for examination the 

Opening of the antrum. Pyramid. Fossa incudis. 

The openimj of the antrum is a large irregular aperture, which extends 
backwards from the ci)itympanic recess and leads into a considerable air space, 
the mastoid antrum (antrum tympanicum) (see pagci 226). The antrum 
c!ommunicates witii large irregular cavitit‘S contained in the interior of the 
mastoid process, the mastoid air-cells (eellulai mastoidete). These cavities vary 
considerably in number’, size, and foi’in : tliey are lined by mucous membrane, 
continuous with that lining the cavity of the tympanum. On the inner wall of 
the opening into the antrum is a roundc’d eminence, situated above and behind 
the eminence of the aqua’duchus Fallojui; it corresponds with the position 
of the ampullat(Hl extremities of the superior and external semicircular canals. 

The pyramid (emimmtia pyramidaJis) is a conical eminence, situated 
immediately behind the fenestra ovalis, and in front of the vertical portion of 
the Fallopian aqueduct ; it is hollow' in the interior, and contains the Stapedius 
muscle ; its summit projects forwards towards tlie fenestra ovalis, and presents 
a small aperture which transmits the tendoH. of the muscle. The cavity in 
the pyramid is prqfonged downwards and backwards in front of the aquaoductus 
Fallox)ii, and communicates w ith it by a minute c;anal which transmits a twig 
from the facial nerve to the Stapedius muscle. 

The fossa incudis is a small depression which is situated in the lower and 
back part of the epitympanic recess, and lodges the short process of the incus. 

The anterior wall (paries carotiea) is wider above than below ; it corres- 
ponds with the carotid canal, from winch it is separated by a thin plate of bone 
perforated by the tympanic branch of the internal carotid artery, and by a 
communicating branch wliieh conne(;ts the sympathetic j^lexus on the internal 
carotid artery with the tympanic plexus on the promontory. At the upper 
part of the anterior w-all are the orifice of the canal for the Tensor tympani 
and the orifice of the Eustachian tube, separated from each other by a thin 
horizontal plate of bone, the processus cochlear if ormis (septum canalis musculo- 
tubarii). These canals run from the tympanum forwards, inw'ards, and a 
little downwards, to the retiring angle between tho squamous and petrous 
portions of the temporal bone. 
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The caiml for the Tensor tympani (semicanalis m. tensoris tympani) is the 
superior and the smaller of the two; it is cylindrical and' lies beneath the 
forward prolongation of the tegmen tympani. It extends on to the inner 
wall of the tympanum and ends immediately above the fenestra ovalis. The 
processus cochleariformis passes backwards below this part of the canal, 
forming its outer wall and floor ; it expands above the anterior extremity of 
the fenestra ovalis and terminates by curving outwards so as to form a pulley 
over which the tendon passes. 

The Eustachian tube (tuba auditiva) is the channel through which the 
tympanum communicates with the naso-pharynx. Its length is an inch 
and a half (36 mm.), and its direction is downwards, forwards, and inwards, 
forming an angle of about forty-flve degrees with the sagittal plane and one of 

from thirty to forty degrees witli the 
859. — ^The membrana tympani viewed horizontal jdane. It is formed partly 
from w itliin. (Testut.) of bone, partly of cartilage and 

fibrous tissue. 



The malleuH liaM been resfHitod iiiimc( tely l^cyoiid its 
prexxsiSUH brovis, in order to sijow tij nalluolitr folds and 
the meiTibranc* of ShrajniHll. 

1. Jilembraiia tympani. ‘J. Umbo o laveJ. 3. Ifundle 
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malleolar fold, G. l^ostenor m«l]i r fold. 7. Meni- 


Tlic osseous portion (pars ossea 
tuba^ auditiv'se) is about half an im^h 
in length. It commences in the 
jinterior wall of the tympanufn, 
below' the pi*ocessus cochleariformis, 
and, gradually narrowing, terminates 
at the angle of junction of the petrous 
and squamous portions of the tem- 
poral bone, its extremity presenting 
a jagged margin which serves for 
tlio attacliinent of the cartilaginous 
I)ortion. 

The cartilaginous portion (pars 
eartihaginca tubfe audit ivao), about 
an inch in h^ngtli, is formed of a 
triangular plate of clasth; fibro- 
cartiiage, the apex of which is 
attached to the margin of the inner 
extremity of the osseous canal, 
w'hile its base lies directly under the 
mucous membrane of the naso- 
pharynx, wdiere it forms an eleva- 
tion or cushion behind the pharyn- 
geal orifice of the tube. The upper 
edge of the cartilages is curled upon 
itself, being bent outwards so as to 
present on transverse section the 
appearance of a hook ; a groove or 


braije of Slimpnell S. Anl-erior Mich of Trbltwcli. furroW IS tllUS produCcd, Wilicll OpcnS 
0. I’oHtorior pounh of TmltscL 10. l<')bro-<’arUlu^iuoiJS , , , * ,, i j i • j. 

ring. 11. ojnscTiuii fissure. iL'. i-iustachiaii tube, bolow' aiid ext/emaJly, and IJiis part 

13. Iter Cljordaj posterius. 14. Iter diordac anterius. nf nnnnl la pomrilotoH bv fibrmift 

15. incudis for short process of tlic incus. 01 iHC Caiiai IS COmpiCU Q Oy norOUS 

1C. Prominentia styloidea. membrane. The, Cartilage lies in a 

groove between the petrous temporal 
and the greater wing of the sphenoid ; this groove ends opposite the middle of 
the internal pterygoid plate. The cartilaginous and bony portions of the tube 
are not in the same plane, the former inclining downwards a little more than 
the latter. The diameter of the tube is not uniform throughout, being greatest 


at the pharyngeal orifice, least at the junction of the bony and cartilaginous 
portions, and again expanding as it approaches the tympanic! cavity ; the 
narrowest jiart of the tube is termed the isthmus. Tlic position and relations 
of the pharyngeal orifice are described with the naso-pharynx. The mucous 
membrane of the tube is continuous in front witli that of the naso-pharynx 
and behind with that of the tymimnic cavity; it is covered with ciliated 
epithelium and is thin in the osseous portion, while in the cartilaginous portion 
it contains many mucous glands and near the pharyngeal orifice a considerable 
amount of adenoid tissue, which has been named by Gerlach the tube-tonsil. 


The tube is opened during deglutition by the Salpingo-pharyngcus and Dilatator 
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tubsB. The latter arises from the hook of the cartilage and from the 
membranous part of the tube, and blends below with the Tensor palati. 

The membrana tympani (fig. 869) separates the cavity of the tympanum 
from the bottom of the external meatus. It is a thin, semi-transparent mem- 
brane, nearly oval in form, somewhat broader above than below, and directed 
veiy obliquely downwards and inwards so as to form an angle of about fifty-five 
degrees with the fioor of the meatus. Its longest diameter is directed from 
above and behind, downwards and forwards, and measures from nine to ten 
millimetres ; its shortest diameter measures from eight to nine millimetres. 
The greater part of its circumference is thickened to form an annular ring 
wluch is fixed in a groove, the sulcus tympanicus^ at the imier extremity 
of th(^ meatus. This sulcus is deficient superiorly at the incisure or notcli of 
Rivinus. From the extremities of this notch two bands, the ajiterior and 
posterior malleolar folds, are prolonged to the short process of the malleus. 
The small, somewhat triangular part of the membrane situated above these 
folds is lax and thin, and is named the pars JInccida of Shrapnell ; in it a small 
orifice is sometimes seen. The handle of tlie malleus is firmly attached to 
the inner aspect of the membrane as far as its centre, which it. draws inwards 
towards the cavity of the tympanum. The outer surface of the membrane is 
thus concave, and the most depressed part of this concavity is named the 
umbo (umbo membranai tympani). 

Structure. — Tlie membrana tympani is composed of three layers, an external 
(cuticular), a middle (fibrous), and an internal (mucous). The cuiioular layer 
(stratum cutaneum) is derived from the integument lining the meatus. The 
fibrous layer consists of two strata, an external (stratum radiatum) of radial 
Jihres, which di\ ci gc from the handle of the malleus, and an internal ^stratum 
circulare) of circular fibres, which arc plentiful around the circumference but 
sparse and scattered near the centre of the membrane. Branched or dtndHiic 
fibres, as pointed out by Cruber, are also present, especially in the posterior 
half of the membrane. 

Vessels and Nerves . — Tlie arteries of tlie membrana tympani are derived from the deep 
auricular branch of the internal maxillary, whi(;li ramifies beneath the cuticular layer: 
and from the stylo-mastoid branch of the posterior auricular, and tympanic branch of 
the internal maxillary, which are distributed on the mucous surface. The superficial 
veins open into the external jugular ; those on the mucous surface drain partly into the 
lateral sinus and veins of the dura mater, and partly into a plexus on the Eustachian tube. 
The membrane receives its nerve, supply from the auriculo -temporal branch of the inferior 
maxillary, the auricular branch of the vagus, and the tympanic branch of the glosso- 
pharyngeal. 

Ossicles of the Tympanum (Ossicula auuitus) 

The tympanic cavity contains a chain of tlircc movable bones, the 
malleus, incus, and stapes. The first is attached to the membrana tympani, 
the last to the circumference of the fenestra ovalis, the incus being placed 
between the two, and connected to both by deli(;ato articulations. 

The Malleus (fig. 860), so named from its fancied resemblance to a hammer, 
consists of a head, neck, and three i)roces8Cfi, viz. the handle or manubrium, 
the processus gracilis, and the proc^cssus brevis. 

The head (eapltulum mallei) is the large upper extremity of the bone ; it 
is oval in shape, and articulates j)osteriorly with the incus, being free in the 
rest of its extent. The facet for articulation with the incus is constricted 
near the middle, and consists of an upper larger, and lower lesser part, wdiich 
form nearly a right angle with each other. Opposite the constriction the lower 
margin of the facet projects in the form of a process, the cog-tooth or spmr of 
the malleus. 

The neck (collum mallei) is the naiTow contracted part just beneath the 
head ; below it, is a prominence, to which the various processes are attached. 

The handle (manubrium mallei) is connected by its outer margin with the 
membrana tympani. It is- direct^ downwards, inwards, and backwards ; it 
decreases in size towards its free extremity, wdiich is curved slightly forwards, 
and flattened from within outwards. On the inner side, near its upper end, 
is a sligjit projection, into which the tendon of the Tensor tympani is inserted. 

The processus gracilis (processus anterior [Folii]) is a delicate process, 

3x2 
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which springs from the eminence below the neck and is directed forwards and 
outwards to tl»e Glaserian fissure, to which it is connected by ligamentous 
fibres. In the foetus this is the longest process of the malleus, and is in direct 
continuity with tlie cartilage of Meckel. 

The ^processus brevis (processus lateralis) is a slight conical projection, which 

springs from the root 

Fia. 860. — Left malleus, a. From behind, b. From within, of the manubrium ; it 

is directed, outwards, 
and is attached to the 
upper i^art of the 
tympanic membrane 
and, by means of the 
anterior and posterior 
malleolar folds, to the 
extremities of the 
notch of Rivinus. 

The Incus (fig. 861) 
has received its name 
from its supposed re- 
semblance to an anvil, 
but it is more like a 
bicuspid tooth, with 
two roots, which differ in length, and are widely sc'paratcd from each other. 
It consists of a bod^’^ and two processes. 

The body (corpus incudis) is sojnouhat quadrilateral but compressed 
laterall^r. On its anterior surface is a deeply concavo-convex facet, which 
articulates with the head of the malleus. 

The tw'^o processes diverge from oiu' another nearly at right angles. 

The short process (crus breve) 
is somewdiat conical in sha])e, 
rejects almost hoiizontally 
ackw ards, and is attached to 
a depression, the fossa incudis, 
in the low er and back pai t of 
the epitym panic recess. 

The lo7ig process (crus 
longum), longer and more 
slender than the preceding, 
descends nearly vertically 
behind and parallel to the 
handle of the malleus, and, 
bending inwards, terminates 
in a rounded globular iwojcction, the os orbiculare or Unticnhir process, which 
is tipped with cartilage, and articulates with the liead of tlie stapes. In the 
foetus the os orbiculare exists as a separate bone. 

The Stapes (fig. 862), so called from its close resemblance to a stiiTup, 

tionsists of a head, neck. 

Fig. 862. — ^a. Left slapes. b. Foot-plate of stapes tw^o crura, and a base. 

Th6 head (capitulum 
stapedis) presents a de- 
pression, tipped with 
cartilage, which articu- 
lates with the 08 orbi- 
cularc. 

The neck (collum 
stapedis), the constricte.d 
part of the bone suc- 
ceeding the head, receives the insertion of the Stapedius muscle. 

The two crura (crus anterius et crus posterius) diverge fi*om the neck and are 
connected at their extremities by a flattened oval-shaped plate {the base), 
w^hich forms the foot-plate of the stin*up and is fixed to the margin of the fenestra 
ovalis by ligamentous fibres. Of the tw^o crura the anterior is shorter and less 
curved than the posterior. 


from within. 
Hrnd 


NitJ: 

Crus nntn'iiiH. 
Crus postf;riu8 
Foot-plate 



Fig. 861. — T^cft incus, a. From within, 
B. From the front. 


Facet for 
malleus 



Lovg process 
Os orhicularc 
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Ligaments of the Ossicula. — These small bones are connected with each 
other, and with the walls of the tympanum, by ligaments, and moved by small 
muscles. The articular surfaces "of the malleus and incus, and the orbicular 
process of the incus and head of the stapes, are covered with cartilage and 
connected together by delicate capsular ligaments, lined by synovial membrane. 
The ligaments eonnecting the ossicula with the walls of tlie tympanum are 
five in number : three for tlie malleus, one for the incus, and one for the 
stapes. 

The anterior ligament of the rmlleus (lig. mallei anterius) was formerly 
described as a muscle {Laxator tympani). It is now, however, believed by most 
observers to consist of ligamentous fibres only. It is attached by one 
extremity to the neck of the malleus, just above the processus gracilis, and by 
the other to the anterior wall of the tympanum, close to the Glaseriari fissure, 
some of its fibres being prolonged through the fissure to reach the spine of the 
sphenoid. 

The superior ligament of the malleus (lig. mallei superius) is a delicate, 
round bundle of fibres which descends perpendicularly from the roof of the 
epitympanic recess to the head of the malleus. 

IMie external ligament of the malleus (lig. mallei lateralis) is a triangular 
plane of fibres passing from the posterior part of the notch in the tympanic 
ring (incisura Eivini) to the head of the malleus. 

The posterior ligament of the incus (lig. incudis posterius) is a short, thick, 
ligamentous band which connects the extremity of the short process of the 
incus to the fossa incudis in tlic epitymi3anic recess. 

The vestibular surface and the circumference of the foot of the stapes are 
covered with hyaline cartilage ; that encircling the base is attached to the 
margin of the fenestra ovalis by a fibrous ring, the annular ligament of the 
stapes (lig. annulare baseos stapedis). 

A superior ligament of the incus (lig. incudis superius) has been described, 
but it is little more than a fold of mucous membrane. 

The muscles of the tympanum are two : 

Tensor tympani. Stapedius. 

The Tensor tympani, the larger, is contained in the bony canal above the 
osseous portion of the Eustachian tube, from which it is separated by 
tlic processus cochloariformis. It arises from the cartilaginous portion of the 
Eustachian tube and the adjoining part of the greater wing of the sphenoid, as 
well as from the osseous canal in which it is contained. Passing backwards 
through the canal, it terminates in a slender tendon which enters the tympanum, 
makes a sharp bend outward round the extremity of the processus cochleari- 
formis, and is inserted into the handle of the malleus, ])ear its root. It is 
supplied by a branch from the otic ganglion. 

The Stapedius arises from the side of a conical cavity, hollowed out of the 
interior of the ])yraTnid ; its tendon eimugcs from the orifice at the apex 
of the i^yramid, and, passi/ig forwards, is inserted into the post<u-i(3r surface of 
the neck of the stapes. Its surface is aponeurotic, its interior fleshy ; and its 
tendon occasionally contains a slender bony •spine, wliicli is constant in some 
mammalia. It ifi suj)plied by a brancfli of the facial nerve. 

Actions. — The Tensor tympani draws the mernbrana tympani inwards, 
and thus increases its tension. The Stapedius draws the head of the stapes 
backwards, and thus causes the base of the bone to rotate on a vertical axis 
drawn through its own centre ; t^he back part of the base is pressed inwards 
towards the vestibule, while the fore part is drawn from it. It probably 
compresses the contents of the vestibule. 

The mucous membrane of the tympanic cavity is continuous with that 
of the pharynx, through the Eustachian tube. It invests the ossicles, and the 
muscles and nerves contained in the tympanic cavity ; forms the internal 
layer of the mernbrana tympani, and the outer layer of the mernbrana tympani 
secundaria, and is reflected into the mastoid antrum and cells, which it lines 
throughout. It forms several vascular folds, which extend from the walls 
of the tympanum to the ossicles ; of these one descends from the roof of 
the tympanum to the bead of the malleus and upper margin of the body of the 
incus, a second invests the Stapedius muscle : other folds invest the chorda 
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tympani nerve and the Tensor tympani muscle. These folds separate off 
pouch -like cavities, and give the interior of the tympanum a somewhat honey- 
comb appearance. One of these pouciies is well marked, viz. the potich of 
Prusmkj which lies between the neck of the malleus and the membrana flaccida. 
Two other folds may be mentioned : they are formed by the mucous membrane 
which envelops the chorda tympani nerve and are situated, one in front of, 
and the other behind the handle of the malleus ; they are named the anterior 
and 'posterior recesses of Trollsch, In the tympanum this membrane is pale, 
thin, slightly vascular and hovered for the most part with columnar ciliated 
epithelium, but over the pyramid, ossicula, and membrana tympani it 
possesses a flattened non-ciliated epithelium. In the antrum and mastoid cells 
its epithelium is also non-ciliated. In tlic osseous portion of the Eustachian 
tube the membrane is thin ; but in the cartilaginous portion it is very thick, 
highly vascular, and provided witJi numerous mucous glands ; the epithelium 
which lim^s the tube is columnar and ciliaic^d. 

Vessels and Nerves. — The arteries arc six in number. Two of them are larger than the 
rest, viz. tho tympanic branch of the internal maxillary, which supplies the membrana 
tympani ; and the stylo-mastoid branch of the iK)stcrior auricular, which supplies the back 
part of tho tympanum and mastoid cells. ITie smaller arteries arc — the iietrosal branch 
of the middle meningeal, which enters through the hiatus Fallopii ; a branch from the 
aacending pharyngeal and another from the Vidian, which accompany the Eustachian 
tube ; and the tympanic branch from the internal carotid, given oil in the carotid canal 
and perforating the thin anterior wall of the tympanum. The veins terminate in the 
pterygoid plexus, tho superior petrosal sinus, and tho middle meningeal vein. The nerves 
constitute tho tympanic plexus, which ramifies upon tho surface of the promontory. The 
plexus is formed by (1 ) the tympanic branch of the glosso-pharyngeal ; (2) the small deep 
petrosal nerve ; (3) the small superficial petrosal nerve ; and (4) a branch which joins 
the great supcrlicial petrosal. 

The tympanic branch of the glosso-pharyngeal (Jacolwon's nerve) enters the tympanic 
cavity by an aperture in its floor close to the inner wall, and divides into branches which 
ramify on the promontory and enter into the formation of tlie plexus. Tho small deep 
petrosal nerve from the carotid plexus of the sympathetic passes through the wall of the 
carotid canal, and joins the branches of Jacokson’s nerve. The branch to the great super- 
ficial petrosal passes through an opening on the inner wall, in front of the fenestra ovalis. 
The small superficial petrosal nerve, from the otic ganglion, passes backwards through a 
foramen in the middle fossa of the base of the skull (sometimes the foramen ovale), and 
enters the anterior surface of the petrous bone through a small aperture, situated external 
to the hiatus Fallopii ; it courses downwards through the bone, past the geniculate 
ganglion of the facial nerve, receiving a connecting filament from it, and enters the 
tympanic cavity, where it communicates with Jacobson's nerve, and assists in forming 
the tymi)anic plexus. 

The branches of distribution of the tympanic plexus are supplied to the mucous 
membrane of the tympanic cavity ; a branch passes to the fenestra ovalis, another to the 
fenestra rotunda, and a third to the Eustachian tube. The small superficial petrosal 
may be looked upon as the continuation of the nerve of Jacobson through the plexus to 
the otic ganglion. 

In addition to the t 3 mipanic plexus there are the nerves supplying the muscles. The 
Tensor tympani is supplied by a branch from the third division of the fifth through tho 
otic ganglion, and the Stapedius by the tympanic branch of the facial. 

'Hie chorda tympani nerve (jrosses ttie tympanic cavity. It is given off from the sensory 
part of the facial, about a quarter of an inch before the nerve emerges from the stylo- 
mastoid foramen. It runs from below upw^ards and forwards in a canal, and enters the 
tympanic cavity through the iter chorda; posterius, already described (page 1040), and becomes 
invested with mucous membrane. It traverses the tympanic cavity, crossing internal 
to the membrana tympani and over the upper part of the handle of the malleus to the 
anterior wall, where it emerges through the iter chords anterius, or caruil of Hu^uier. 

Applied Anatomy. — Tho t 3 mipanic cavity is very frequently the seat of disease both 
suppurative and non -suppurative, and in practically every case the inflammation spreads 
upwards from tlie nose or throat along the Eustachian tube. Tho anatomy of the 
tympanic^ cavity is of the very greatest practical importance as regards its relations to 
other parts. Its roof is formed by a thin plate of bone which, with the dura mater, is 
all that separates it from the temporal lobe of the brain ; its floor is situated immediately 
above the jugular fossa behind, and the carotid canal in front ; its posterior wall presents 
the opening of the mastoid antrum, and on its anterior wall is the opening of the Eustachian 
tube. Acute inflammatory troubles spreading up to the tympanum by the latter tube 
are usuafly associated with so much inflammatory swelling of the mucous membrane of the 
Eustachian tube as to occlude it, and thus the products of inflammation are pent up in 
the tympanic cavity and directly involve the mastoid antrum. Under such circumstances 
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the only means of escape for the products is by rupture of the tympanic membrane, 
which usually occurs spontaneously and^is followed by a free discharge of pus and relief to 
the acute pain which exists in these cases.* Shou Id the swelling of the walls of the Eustachian 
tube then subside, the normal drainage of the cavity will be established and the perforation 
in the drum will heal, but if not — as is often the case because the opening of the tube 
may be occluded by adenoid growths in the naso-pharjmx or other cause — the pus will 
continue to accumulate in the middle ear and will overflow through the perforation as 
a chronics otorrhoea. In tlie course of time the disease spreads beyond the mucous 
membrane to the walls of the tympanic cavity, to the ossicles, or to the bone of ^he mastoid 
process, and when this has occurred the condition is incurable except by the removal of 
the carious bone. Further severe intracranial complications are at this time often 
produced owing to purulent material being retained ; thus an abscess may form between 
the bone and dura mater, (a) about the roof of the tympanum, and immediately 
beneath the dura covering the temporal lobe, or (6) between the deep aspect of the 
mastoid process and the sigmoid bend of the lateral sinus, possibly extending widely and 
surrounding the sinus. In this latter type of case, thrombosis of the lateral sinus readily 
occurs, and the clot being also infected tends to disintegrate htuI be carried into the general 
circulation, particles often becoming lodged in the capillaries of the lungs and setting up 
abs(;esses therein. Pyiemia from lateral sinus thrombosis is probably more common than 
from any other focus of origin. In addition, bone disease of the tympanum or mastoid 
antrum may be associated with severe and fatal septic meningitis, or with the formation 
of abscess in the encephalon, the most common sites being the temporal lobe and the 
hemisphere of tlie cerebellum. 

Less serious, but more common, is the formation of a subperiosteal mastoid .abscess with 
great swelling behind tlie car, and protrusion outwards of the auric^le ; such a condition 
demands an early incision down through all the structures, including the periosteum, over 
tlie whole length of the mastoid process, and then it^ will fretjjuently be found that the 
underlying bone is carious or that a track leads through tlie hone into the mastoid antrum. 
Ill such conditions extensive operations for the removal of bone are often required. In 
many cases of chronic bone disease in the tympanic cavity the iaeiaV norvft becomes 
exposed as it lies in the aqueduct of FalUquus, and an inllammatory process is set up in 
the nerve, leading to facial paralysis of the infranuclear type (see page 927). In other 
cases localised areas of bone disease, most often in the region of the attic, form the 
Iioints from which aural polypi grow, and the ear polypus, like the nasal polypus, 
must be considered to Imvo originated in a spot of carious bone, the removal of which 
is necessary if a cure is to be established. Fractures of the middle fossa of the base 
of the skull almost invariably involve the t3mripanic roof, and are acijompanied by a 
rupture of the drum or fracture through the roof of the bony meatus. They are associated 
with profuse continued bleeding from the car, and, if the dura has also been lacerated, with 
discharge of copious amounts of cerebro-spinal fluid. Hero the avoidance of infection 
from the outside is of the utmost importance, as should it occur septic meningitis must 
inevitably follow with a fatal issue. 

Of the non-suppurative conditions which alTect the middle ear, chronic catarrh, leading 
to sclerosis of the whole of the tympanic contents, is again due to spread of inflammation 
from some nasal or pharyngeal condition. The progress is very slow, but leads to ever- 
increasing deafness — this deafness in the first instance is in no way connected with any 
defect in the auditory nerve, and this can bo shown by the fact that the hearing by bone 
conduction over the mastoid process remains normal. In tjhronic non-suppuralive otitis, 
media treatment must be especially directed towards placing the nt>se and pharynx in 
a healthy condition; when this has been accomplished, the aural condition often 
improves of itself ; if not, however, improvement may bo induced by forcing air up the 
Eustachian tube by means of the Politzer bag, or direcstly into the orifice of the tube by 
means of the Eustachian catheter. • 

• INTERNAL Ear, or Labyrinth 

The internal ear (auris interna) is tlic essential part of the organ of hearing, 
receiving the iiltiinate distribution of the auditory nerve. It is called the 
labyrinth, from the complexity of its shape, and consists of two parts : the 
osseous labyrinth, a scries of cavities channelled out of the substance of the 
petrous bone, and tlie membranous labyrinth ^ the latter being contained within 
the former. 

The Osseous Labyrinth (fig. 863) 

The osseous labyrinth (labyrinthus osseiis) consists of three parts : the 
vestibule, semicircular canals, and cochlea. These are cavities hoUoived out 
of the substance of the bone, and lined by periosteum ; they contain a clear 
fluid, the perilymph, in which the membranous labyrinth is situated. 

The vestibule (vestibulum) is the central part of the internal ear, 
and is situated on the inner side of the tympanum, behind tlie cochlea, and in 
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front of the semicircular canals. It is somewhat ovoid in shape, flattened 
from within outwards, and measures about one-fifth of an inch from before 
backwards, the same from above downwards, and about one-eighth of an 
inch from without inwards. On its outer or tympanic wall is tlie fenestra 
ovalis, closed, in the recent state, by the base of the stapes and annular 
ligament. On its inner wall, at the fore part, is a small circular depression, 
the reccssus sphcericus, M'hich is perforated, at its anterior and inferior part, by 
several mjnute holes (macula crihrosa media) for the passage of filaments 
of the auditory nerve to the saccule ; and behind this depression is an 
oblique ridge, the crista vestihuU, tlio anterior end of which is named the pyramid 
(pyramis vestibuli). ^Fliis ridge bifurcates below to enclose a small depression, 
the /o,v.sa cocMenris, w'Jjich is perforated by a number of holes for the passage 
of filaments of tlicj auditory nerve whicli sujjply the ])Osterior end of the ductus 
coehk^aris. At tJie liiiider part of thc^ inner wall is the orifice of tJie aqumductus 
vestibuli, which extends lo tlie posterior surfa(;e of tlie petrous portion of the 
temporal bone. It transmits a small vein, and contains a tubular prolongation 
of the membranous labyrinth, the ductus emiolymphaticus, which ends in a 
cul-de-sac between the layers of the dura mater within the cranial cavity. On 


I’lO. 863. — The osseous labyrinth laid open. (Enlarged.) 



the upper wall or roof is a transversely oval depression, the recessiis ellipticus, 
separated fi'om the recessus sphaerieiis by tlie crista vestibuli already 
mentioned. The pyrjimid and adjoining part of the recessus ellij)ticus are 
perforated by a number of lioles (macula crihrosa superior). The apertures 
in the pyramid transmit the nerves to the utricle ; those in file recessus ellip- 
ticus the nerves to the ampulhe of the superior and external semicircular canals. 
Behind, the semicircular canals oj)en into the vestibule by five orifices. In 
front is an elliptical opening, \vliich communicates with the scala vestibuli 
of the cochlea. 

The bony semicircular canals (eanales semicirculares ossei) are situated 
above and behind the vestibule. They are of unequal length, compressed 
from side t o side, and each describes the greater part of a circle. Each measures 
about *8 min. in diameter, and presents a dilatation at one end, called the 
ampulla, which measures more than twice the diameter of the tube. They 
open into the vestibule by five orifices, one of the apertures being common to 
two of the canals. 

The superior semicircular canal (canalis semicircularis superior), 15 to 20 mm. 
in length, is vertical in direction, and is placed transversely to the long axis of 
the petrous portion of the temporal bone, on the anterior surface of which 
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its arch forms a round projection. It describes about two-thirds of a circle. 
Its outer extremity is ampullated, and opens into the upper part of the 
vestibule ; the opposite end joins with the upper part of the posterior canal to 
form the crus commune^ which opens into the upper and inner part of the 
vestibule. 

The 'posterior semicircular canal (canalis semicircularis posterior), also 
vertical, is directed backwards, nearly parallel to the posterior surface of 
the petrous bone ; it is the longest of the three, measuring from 18 to 22 ram. ; 
its lower or ampullated end opens into the lower and back part of the 
vestibule, its opposite opens into the crus commune already mentioned. 

The external or horizonUd canal (canalis semicircularis lateralis) is the 
shortt^st of the three. It measures from 12 to 15 mm., and its arch is directed 
horizontally outwards and ba(;kwards ; thus eac^h semicircular canal stands 
at right angles to the otJier two. Its ampullated end corresponds to the upper 
and outer angle of the vesti- 
bule, just above the fenestra 
ovalis, where it- opens close to 
the am pullary end of the 
superior canal ; its opi)Osite 
end opens by a distinct orifice 
at the upper and back jjart 
of the vestibule. ‘ Tlie ex- 
ternal canal of one ear is very 
nearly in the same plane as 
that of the other ; wliile th(‘. 
superior canal of one ear is 
nearly ijarallel to the pos- 
terior (‘anal of the otlun*.’ * 

The cochlea (figs. 865, 866) 
bears some resemblance to a 
(jominon snail-shell ; it forms 
the anterior part of the laby- 
rinth, is conical in form, and 
placed almost horizontally in 
front of the vestibule ; its 
ai)ex (cupula) is directed for- 
wards and outwards, with a 
slight inclination do wm wards, 
towards the upper and front 
part of the inner wall of t)ie 
tympanum ; its base (basis 
(ioehleaa) corresponds with the 
bottom of the internal audi- 
tory meatus^nd is perforated 
by numerous apertures for 
the .passage of the cochlear 
division of the auditory 
nerve. It measiyes about 
5 mm. from base to apex, and its breadth across the base is somewhat greater 
(about 9 mm.). It consists of a conical-shaped central axis, the modiolus ; 
of a canal, the inner w'^all of which is formed by the central axis, woun(i 
spirally around it for two turns and Ihree-cjuarters, from the base to the 
apex; and of a delicate lamina (the lamina spiralis ossm) which projects from 
the modiolus, and, following the windings of the canal, partially subdivides 
it into two. In the recent state a membrane, the mc'mbrana basilaris, stretches 
from the free border of this lamina to the outer wall of the bony cochlea 
and completely separates the caiial into two passages, which, how^ever, 
communicate with each other at the apex of the modiolus by a small opening, 
named the helicotrerm. 

The modiolus is the central axis or pillar of the cochlea. It is conical in 
form, and extends from the base to the apex of the cochlea. Its base (basis 

* Cmm Brown, Journal of Anatomy and Phymology^ vol. viii. 


Fig. 864. — Transverse section of a human semi- 
circular canal (after Riiciinger). (Testut.) 


5 



1. Jiuiiy hLiiiicirciilur OHTial. 2. ]*crio!-tL*inii. I’.. ]Mi‘iabranoiii 
c’imihir (suiul, uitli I, j»ui»illif(irin priKThSus on its ijit4.Trnil s irfaf( 
5. UoiiiuTtivo tLNSuc liji* nuMiihranoiis (mikiI to tli ) 

o^tvuiu. ft, ft. J*'ibrou^ bunds uniting' tin* fn‘o anrfaco of tin 
brunotis ruiiiil to thf' prrioKtciun. 7. \ »‘ss«>ls. S. FnjdolyrTii)lmtio 
tipacc. l», l». J’oril.vnjdiutio sj)a«.‘t‘. 
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modioli) is broad, and appears at the bottom of the internal auditory meatus, 
where it corresponds with the area cochleae ; it is perforated bv numerous 
orifices, which transmit filaments of the cochlear division of the auditory 
nerve ; the nerves for the first turn and a half pass through the foramina of 
the tractus spiralis foraniinosus ; those for the apical, turn through the foramen 


Fig. 866. — The cochlea and vestibule, viewed from above. (Testut.) 



All till' lifinl jiarts i\hu'h form the roof of llu* iiitmi.il o.ir haio Imm*m miiidilmI with Hit* saw. A. toohifa. 
U. \ ctiiibuli I auditory jik'iiIih J». ’r.vmpanit* (iiviti. 1. J.owor l>ord«*r of b'licRira owalis. 

2, 1 lAsura vestibuli. 3. IJot'i'ssiH .splia*rifu^. I. clliotu'us. I’ossi i-i 'hlraris. (J. Onficxj of 

tilt' Rqu<LilU('tiiH vofttil'uli. 7. inferior openinpr of the postviior semu'irciihir eamil. S. Xon-iixnpullatcd 
end of external ular oinal. ih Seal.a tyinparu ol the eochlea. lo. Seala vestihuli. 11. Cupula. 

12. I^ainina spiralis os«eji, witli 12', us M*htil»'ul.ir oriiriu , 12", itii external border, lit. llolicotrema. 
14. Itony wall ot cochlea. 


centrale. The canals of the tractus spiralis foraminosus pass up through 
the modiolus and succcssividy bend outwards to reacl^ the attached margin 
of the lamina syiiralis ossi^a. Hero they bceoinc enlarged, and by tlieir appo- 
sition form a spiral canal (carialis spiralis imxlinli), wliicdi follows the course 
of the attached margin of tlic lamina spiralis ossea and lodges the ganglion 


Fia. 806. — The cochlea laid open. (Enlarged.) 



spirale (ganglion of Corti), The foramen centrale is continued into a canal 
which runs up the middle of the modiolus to its apex. The modiolus diminishes 
rapidly in size in the second and succeeding coil. 

The bony canal of the cochlea takes twa turns and three-quarters 
round the modiolus. It is a little over an inch in length (about 30 mm.) and 
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diminishes gradually in size from the base to the summit, where it terminates 
in the cuj)vla^ which forms tlio apex of the cochlea. The commencement of 
this canal is about the tenth of an inch in diameter ; it diverges from the 
modiolus towards the tympanum and vestibule, and presents three openings. 
One, the fenestra roturmij communicates with the tympanum — in the recent 
state this aperture is closed by a membrane, the membrana tympani secun- 
daria ; another, of an elliptical form, opens into the vestibule. The third is 
the aperture of the aqueductus cochleae, leading to a minute funnel-shaped 
canal, which opens on the basilar surface of the petrous bone and transmits 
a small vein, and also forms a communication between the subarachnoid space 
of the skull and the scala tympani. 

The lamina spiralis ossea is a bony shelf or ledge which projects outwards 
from the modiolus into the interior of the spiral canal, and, like tlie canal, 
takes two and three-quarter turns roimd the modiolus. It reaches about half- 
way towards the outer wall of the spiral tube, and partially divides its cavity 
into two passage's or scalae, of which the upper is named the? scala vestihuli^ 
while the lower is termed the sc/ila tympani. Near the summit of the cochlea 
the lamina terminates in a liook-shaped process, the Immulus laminae spiralis, 
whicli assists in forming the boundary of a small opening, the helicoirema, by 
which the two scalae communicate with each other. From the canalis spiralis 
modioli numerous canals pass outwards through the osseous spiral lamina as 
far as its free edge. In the lower part of the first turn a second bony lamina, 
the lamina, spiralis secundaria, projects inwards from the outer wall of the 
bony tube ; it does not, however, reach the primary osseous spiral lamina, 
so that if viewed from the vestibule a narrow fissure, the fissura vestibuli, is 
seen between them. • 

The Membranous Labyrinth (figs. 867, 868, 869) 

The membranous labyrinth (labyrinth us membranaceus) is lodged within 
the bony cavities just di'scaibed, and has the same general form as tiie cavities 
in which it is contaiiu^d ; it is. liowever, considerably smaller, and is separated 
from tlie bony w alls by a quantity of fluid, the perilymph. It does not float 
loosely in this fluid, but in certain places is fixed to tlie walls of the cavity. 
The membranous labyrinth contains fluid, the cndolymph, and on its walls the 
ramifications of the auditory nerve are distributed. 


Fro. 867. — The mcmhraiioiis labyrinth. (Kniarged,) 



Within the osseous vestibule the membranous labyrinth does not quite 
preserve the form of the bony cavity, but pres<mts two membranous sacs, the 
utricle and the saccule. 

The utricle (utriculus), the larger of the two, is of an oblong form, com- 
pressed laterally, and occupies the upper and back part of the vestibule, lying 
in contact with the recessus ellipticus and the part below^ it. That portion 
which is lodged in the recess forms a sort of pouch or cul-de-sac, the floor 
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and anterior wall of which are much thicker than elsewhere, and form the 
macula acusiica utriculi, which receives the utricular filaments of the auditory 


Fig. 868. — Right human membranous labyrinth, removed from its bony enclosure and 
viewed from the antcro-lateral aspect. (G. Betzius.) 



800. — The same from the i^ostcro-mcsial aspect. (G. Rotzius.) 



1. External seinicIrcuUir faiml ; r, its ampulla. 2. Posterior canal ; ‘J'.its ampulla. 3. Superior canal ; S', its ampulla. 
4. Conjoined limb of buperior and posterior canals (siuus utriculi superior). 5. Utricle. B'. Becessus utrlculi- 
5". Sinus utriculi posterior, (i. Uuctus cndolyinpliutious. 7, Canalis utriculo-saccularis. 8. Nerve to ampulla of 
superior canal. 9. Nerve to ampulla of external canal. 10. Nerve to rtfccisaus utriculi (in flg. 808, the three hrant^es 
appear conjoined). 10'. Ending of nerve in recf-SKUs utriculi. 11. Paciul nerve. 12. Lagena cochleie. 18. Nerve of 
coclilca witblu spiral lamina. 14. Hasilur membrane. 1.5. Nerve-Ohres to macula of soctmle. 16. Nerve to ampulla 
of posterior canal. 17. Saccule. 18. Secondary inunibrane of tympanum. 19. Canalis reuniens. 20. Jllind ending 
of cochlear canal in vestibule. 23. Section of the seventh and eighth nerves within internal auditory meatus (the 
separaldoa bciweaD them is not apparent in the section). 
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nerve and has attached to its internal surface a layer of calcareous particles 
(otoliths). The cavity of the utricle communicates behind with the mem- 
branous semicircular canals by five orifices. Prom its anterior wall is given 
off a small canal, the ductus utriculosaccularis, which opens into the ductus 
endolymjjhaticus. 

The saccule (sacculus) is the smaller of the two vestibular sacs ; it is globular 
in form, and lies in the recessus spha3ri(ms near the opening of the scala vesti- 
buli of the cochlea. Its anterior part exhibits an oval thickening, the macula 
acustica sacculi, to which are distributed the saccular filaments of the auditory 
nerve. Its cavity does not directly communicate with that of the utricle. 
Prom the posterior wall is given off a canal, the ductus e/ndolympliaticus ; this 
duct is joined by the ductus utriculo-saccularis, and then passes along the 
aqufleductus vestibuli and ends in a blind pouch (saccus endolymphaticus) on 
the posterior surface of the petrous portion of the temporal bone, where it is 
in contact with ih6 dura mater. From the lower part of the saccule a short 
tulx^, the canalis reunions of Henson, passes downwards and outwards to oi)cn 
into the ductus cochlearis near its vestibular extremity (fig. 867). 

The membranous semicircular canals (ductus somicirculares) (fig. 864) 
are about one-fourth of the diameter of the osseous canals, but in number, shape, 
and general form they ar(‘ precisely ^unilar, and each presents at one end an 
ampulla (ampulla membrariacca). They open by five orifices into the utricle, 
one opening being common to the inner end of the superioi’ and the upjier end 
of the posterior (;ana]. In the ampulla? the wall is thickened, and projects 
into the cavity as a fiddle-shaped, transversely plac‘ed elevation, the septum 
trnnstH'rsum, in which the nerves end. 

The utricle, saccule, and Ttiem})ranous canals are held in position by 
numerous fibrous bands which streUdi across the space betw^een them atid the? 
bony walls. 

Structure.- -The w alls of the utricle, saccule, and semicircular canals consist 
of three layers. The outer layer is a loose and flocculent structures apparently 
composed of ordinary fibrous tissue, containing blood-v€)sscls and some 
pigment -cells. The middle layer, thicker and more transparent, forms a 
homog(*neous membrana propria, and presents on its internal surface, especially 
ill the semicircular canals, numerous papilliform project ions, w hich, on the 
addition of acetic acid, (‘xhibit can ajipearance of longitudinal fibrillation and 
elongated nuclei. The inner layer is formed of polygonal nucleated epithelial 
cells. In the macula* of the. utricle and saccule, and in the transverse septa 
of tlie ampulla? of the (finals, the middle coat is thickened and the eiiilhelium 
is c.olurnnar, and (consists of supporting cells and hair-cells. The. former are 
fusiform, and their deep ends an? attaclied to the membrana projiria, while 
their free extremities an? united to form a thin cutich?. The hair-ci'lLs are 
flask-shaped, and their deep, round(?d ends do not reach the membrana profiria, 
but lie between the? sujiporting cells. The deep part of (*ach contains a large 
nucleus, while its more superficial part is granular and pigmented. The free 
end is surmounted by a long, tapering, hair-like filament, which projects into 
the cavity. The filaments of the auditory nerve enter these parts, and having 
jnerced the outor and the thicjkcncd middle Igiycrs, they lose their medullary 
sheaths, and their axis cylinders ramify betw een the hair-cells. 

Two STuall rouJlded bodies termed otoconia (otoliths), and consisting of a 
mass of minute crystalline grains of carbonate of lime, held together in a mesh 
of delicat(j fibrous tissue, are contained in the walls of the utricle and saccule 
opposite the distribution of the nerves. According to Bowman, a calcareous 
material is also sparingly scattered in the ceHs lining the ampullae of the 
semicircular canals. 

The membranous cochlea, ductus cochlearis, or scala media consists 
of a spirally arranged tube enclosed in the bony canal of the cochlea and 
lying along its outer wall. 

As already stated, the osseous spiral lamina extends only part of the 
distance between the modiolus and the outer bony w^all of the cochlea, while 
a membrane, the membrana hasilaris, stretches from its free edge to the outer 
wall of the cochlea, and completes the roof of the scala tympani (fig. 870). 
A second and more delicate membrane, the membrane of JReissner (membrana 
vestibularis) extends from the thickened periosteum covering the lamina 
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spiralis ossea to the outer wall of the cochlea, to which it is attached at some 
little distance from the outer edge of the membrana basUaris. A canal is 
thus shut off between the scala tympani below and the scala vestibuli above ; 
this is the mernbranous canal of the cochlea^ ductus cochlearis^ or scala media. 
It is triangular on transverse section, its roof being formed by the membrane 
of Reissner, its outer wall by the jx^riosteum which lines the bony canal, and 


Fig. 870. — Floor of scala media, showing the organ of Oorti, &c. • 



its floor by the membrana basilaris and the outer part of the lamina spiralis 
ossea. On the membrana basilaris is placed the organ of Corti. Reissner’s 
membrane is thin and homogeneous, and is covered on its upper and under 
surfaces by a layer of epithelium. The periosteum, supporting the outer wall 
of the ductus cochlearis, is greatly thickened and altered in character, forming 
what is called the ligamenhm spirale. It projects inwards below as a triangular 


Fig. 871. — The lamina reticularis and subjacent structures. (Schematic.) 

(Testut.) 



A. lntmi.il jiill.ir of with fl, ithpJ-ito. B. ExtmmI |»illar(inyeJ)owl. c. Tunnel of Corti. D. Meiiibraua basilaris. 

Pi. Inner Imii-celis. J, 1'. Internal and oxternul bordt-rb of the membrana reticularis. 2, 2', 2*. The three rows of 
circular 11(110 ( in l>lue). 3. First row of phalanges (in yellow^ 4, 4', 4*. Second, third, and fourth rows of phalanges 
(in red), (t, fl , 'J'iie three rows of outer hair-c«Il8 (in blue). 7, 7', 7". Colls of Dei ters. U. Cells of Claudius. 

prominence, the crista basilaris, which gives attachment to the outer edge of 
the membrana basilaris, and immediately above which is a concavity, the 
sulcus spiralis externus. The upper portion of the hgamentum spirale contains 
numerous capillary loops and small blood-vessels, and forms vidiat is termed 
the stria vascularis. 
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The lamina spiralis ossca (fig. 872) consists of two plates of bone extending 
outwards ; between these are tlie canals for the transmission of the figments 
of the auditory nerve. On the upper plate of that part of the osseous spiral 
lamina which i8*^outside Reissner’s membrane the periosteum is thickened to 
form the limbus lamince spiralis, and this terminates externally in a concavity, 
the sulais spiralis inUrnus, which presents, on section, the form of the letter C ; 
the upper part of the letter, formed by the. overhanging extremity of the 
limbus, is named the labium vesiibulart ; the lower part, prolonged and 
tapering, is called the labium tymjfmnicum, and is perforated by numerous 
foramina (foramina nervosa) for the i>assage of the cochlear nerves. Exter- 
nally, the labium tympanicum is continuous with the membrana basilaris. 
The upper surface of the labium vestibulare is intersected at right angles by 
a number of furrows, between which are numerous elevations ; these present 
the appearanc.e of teeth along the free? surface and margin of the labium, and 
have been named by Huschke the auditory taeth. The limbus is covered by 
a layer of w'hat appears to be squamous epitlielium, but the deeper parts 
of the cells wdth their contained nuclei occupy the iniervals between the 



1 , 1'. Upper ami lower lamolhv of the laiuimi spiruUb os-^ea. LiiubitH Isiniiiiie hpiruli'-. with «, the teeth of the first 
row ; ft, ft', the auditory teeth of the other rows ; r, <■', the mterdeiit-il "roo\ert anil the cells wliich are lodged in them. 
8. SulciiH siiiruhs! iiiternus, with 3', its labium vestibulare, ami 3", its labium tympanicum. -1. Foruminu murvosa, 
(nving panaage to the nervi^ from the ganglion spirale or gaiiglion of ('orti. ft. A’ as t^pirale. (!. Zona arcuatii, and 
ti , zona pectiuata of the baailar membrane, with c, ite hyaline layer, H, its connective- titoiie la 3 er. 7. .\rch of 
(.’orti, with 7', its iiinei rod, and 7", its outer rod. 8. l'’eet of the iiitcriml rods, from wduch the cells ore removed. 
i». Feet of tJie external rods. 10. Monibrauc of Keissner, at iti4 tirigui. 

elevations and between the auditory teeth. This layer is continuous on the one 
hand with that w'hich lines the sulcus sj)iralis,internus, and on the other with 
that W'hich covers the under aspect of Reissner’s membrane. The basilar 
membrane may bf? divided into tw^o areas, inner and outer. The inner is 
thin, and is named the zona arcuaia : it supports the organ of Corti. The outer 
is thicker and striated, and is termed the zona pectinala. The under surface 
of the membrane is covered by a layer of vascular connective tissue. One 
of the vessels in this tissue is somewhat larger -than the rest, and is named 
the vas spirale ; it lies below Coiti’s tunnel. 

Organ of Corti (organon spirale). — ^This organ (figs. 871, 873) is situated 
upon the inner part of the membrana basilaris, and appears at first sight as a 
papilla, winding spirally throughout the whole length of the ductus cochlearis, 
from which circumstance it has been designated the papilla spiralis. More 
accurately viewed, it is seen to be composed of a remarkable arrangement 
of cells, w^hich may be likened to the keyboard of a pianoforte. Of these cells, 
the central ones are rodlike bodies, and are called the inner and outer rods of 
Corti. Their bases are expanded and placed on the basilar membrane, at 
some little distance froip each other, while their intermediate portions are 
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inclined towards each other, so that the rods meet at their opposite extremities, 
and form a series of arches roofing over a minute tunnel, the tunnel of Gorti, 
between tliem and the basilar membrane ; this tunnel ascends spirally through 
tlio whole length of the cochlea. * 

The mner rods, some 6,0(X) in number, rest by means of expanded 
foot-plates on the basilar membrane, close to the labium tympanicum ; they 
project obliquely upwfirds and outwards, and terminate above in expanded 
extremities, each of w hich rese.mbles in shape the ujipei* end of the ulna, with 
its sigmoid cavity, coronoid and olecranon processes. On the outer side of 
the rod, in the angle formed betw^cen it and the basilar membrane, is a nucleated 
mass of protoplasm ; w hile on tin*, iimc'r side is a row of epithelial cells (inner 
hair-cells), each surmounted by a brush of fine, stiff, hait-likc processes. On the 
inner side of these cells are two or three row's of columnar supporting cells, 
w hich are continuous with the cubical cells lining the sulcus spiralis intemus. 

The ouler rods, numbering about 4,000, also rest by broad foot-plates on 
tlie basilar membrane; tliey incline upwwds and inwards, and the upi)er 
extremity of each resembles Uk^ head and bill of a swan ; the back of the head 

Fio. 87y. — Section through the organ of Corti. Magnified. (G. Ketziiis.) 

outer hair celts * 



fitting into the concavity — the analogue of the sigmoid cavity — of one or more 
of the internal rods, and the bill projecting outwards as a phalangeal process 
of the membrana reticularis, inesently to be de^scribed. 

In the head of the outer rod is an oval portion w Jiere the fibres of which 
the rod appears to be composed are deficient ; it stains moie deeply with 
carmine tlian the rest of the rod. At the base of the rod, on its internal side 
— that is to say, in tlie angle formed by the rod with the basilar membrane 
— is a similar protoplasmic mass to that found on the outer side of the base of 
the inner rod ; these masses of protoplasm are probably flie undifferentiated 
portions of the cells from which the rods are developed. External to the 
outer rod are three or four, successive rows of epithelial cells, more elongated 
than those found on the internal side of the inner rod, but, like them, furnished 
with minute hairs or cilia. These arc termed the outer hair-cells, in contra- 
distinction to the inner hair-cells above referred to. The outer hair-oells 
number about 12,000, the inner about 3,500. 

Tlie hair-cells are somewbat oval in shape ; their free extremities are on 
a level witli tlie heads of Corti ’s rods, and from each some tw^enty fine hairlets 
project and are arranged in the form of a crescent, the concavity of w'hich 
opens inwards. The deep ends of the cells arc rounded and contain large 
nuclei : they reach only as far as the middle of Corti’s rods, and are in contact 
with the ramifications of the nervous filaments. Between the rows of the outer 
hair-cells are rows of supporting cells, called the cells of Deiters ; their expanded 
bases are« planted on the basilar membrane, while the opposite end of each 
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presents a clubbed extremity or phalangeal process. Immediately to the 
outer side of Deiters’ cells are some five or six rows of columnar cells, the 
supportiTig cells of Hensen. Their bases are narrow, while their upper parts 
are expanded tfnd form a rounded €devation on tlie floor of the ductus 
cochlearis. The columnar cells lying outside Hensen ’s cells are termed the 
cells of Clavdius, A space is seen between the outer rods of Corti and the 
adjacent hair-cells ; this is called the space of NucL 

The lamina reticularis or membrane of Kolliker is a delitjato framework 
perforated by rounded holes. It extends from the heads of the outer rods of 
Corti to the external row of the outer hair-eells, and is formed by several rows 
of ‘ minute fiddle-shai)ed cuticular structures,’ called phalanges, between 
which are circular apertures containing the free ends of the hair-cells. 1’he 
Innermost row of plialangcs consists of the phalangeal processes of tljc outer 
rods of Corti ;.the outer rows are formed by the modified free ends of licit ers’ 
cells. 

Fio. 874. — Longitudinal section of the cochlea, 
showing the relations of the scalas the ganglion spirale, &c. « 



S.v. Sf.'ila vftsUhuli. s.T. Scula t \ iiipani. S.M. Scala ineiUa. L.s. I apirncntum spirals. 
Ci.s. (liinj^lion BiJirule. 


Covering over these structures, but not touching them, is the memhrana 
tectoria, or membrane of Corti, which is attached to the limbus lamiriHC spiralis 
close to the inner edge of the membrane of Reissner. It is thin near its inner 
margin, and overlies the auditory teeth of Huschke. Its outer lJ^^]f is thick, 
and along its lower edge, opposite the inner hair-cells, is a clear band, named 
Hensen's stripe. Externally, the membrane becomes much thinner, and is 
attached to the ouU^r row of Deiters" cells (Rehrius). 

The osseous lahypnth is lined by an exceedingly thin fibro-serous membrane, 
analogous to a periosteum, from its close adhesion to the inner surfaces of 
these cavities, and performing the office of a serous membrane by its free 
surface. It lines the vestibule, and from this cavity is continued into the 
semicircular canals and the scala vestibuli of tlie cochlea, and through tlie 
helicotrema into the scala tympani. A delicate tubular process is prolonged 
along the aqueduct of the vestibule to the inner surface of the dura mater. 
This membrane is continued across the fenestra ovalis and rotunda, and 
consequently has no communication with the lining membrane of the 
tympanum. Its attached surface is rough and fibrous, and closely adheunnt to 
the bone ; its free surface is smooth and pale, covered with a layer of epithelium, 
and secretes a thin, limpid fluid, the perilymph. 

The ductus cochlearis or scala media is closed above and below. The 
upper blind extremity is termed thQ lagena, and is attached to the cupula at 
the upper part of the helicotrema ; the lower end is lodged in the recessus 
cochlearis of the vestibule. Near this blind extremity, the scala media receives 
- 3 Y 
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the canalis reuniens of Hensen (fig. 867), a very delicate caiial, by which the 
ductas cochlearis is brought into continuity with the saccule. 

The auditory nerve, the special nerve of the sense of hearing, divides, 
at the bottom of the internal auditory meatus, into two branches, the cochlear 
and vestibular. 

The vestibular nerve, the posterior of the two, presents, as it lies in the 
internal auditory meatus, a ganglion, the ganglion of Scarpa, the cells of which 
constitute the real origin of the nerve ; it divides into three branches, which 
pass through minute openings at the upper and back part of the bottom of the 
meatus (aren vestibularis superior), and, entering the vestibule, are distributed 
to the utricle and to the ampullae of the external and superior semicircular canals. 

, The nervous filaments enter the 


Fio. 876. — Part of the cochlear division of the 
auditory nerve, highly magnified. ( Henle. ) 



ampullary enlargements opposite 
the septum transversum, and 
arborise around the hair-cclls. 
In the utricle and saccule the 
nerve-fibres pierce the membrana 
propria of the maculje, and end in 
arborisations round the hair-cells. 

The cochlear nerve gives off 
the branch to the saccule, the 
filaments of which are transmitted 
from the internal auditoiy meatus 
througli the foramina of the area 
vestibularis inferior, which lies at 
the lower and back part of tlie 
fioor of the meatus. It also gives 


of! the branch for the ampulla of 
the posterior semicircular canal, Avliieh leaves tlie meatus through the 
foramen singulare. 


The rest of the cochlear nerve divides into numerous filaments at the base 


of the modiolus : those for tlie basal and middle coils pass through the foramina 
in the tractus foraminosus, those for the apical coil through the canalis cen- 
tralis, and the nerves bend outw^^rds to pass between the lamella? of the osseous 
spiral lamina. Occupying the spiral canal of the modiolus is the ganglion 
spirale cochJece (fig. 875), consisting of bipolar nerve-cells, which really con- 
stitute the true c(‘lls of origin of this nerve, one pole being prolonged centrally 
to the brain and the other peripherally to the hair-cells of Corti’s organ. 
Reacliing the outer edge of the osseous spiral lamina, they pass through the 
foramina in the labium tympanicum ; some end by arborising around the bases 
of the inner liair-cells, while others pass between Corti’s rods and through the 
tunnel, to terminate in a similar manner in relation to the outer hair-cells. 


Vessels . — The arteries of the labyrinth are the internal auditory, from the basilar, and the 
stylo-mastoid, from the posterior auricular. The internal auditory divides at the bottom 
of the internal meatus into two branches : cochlear and vestibular. The cochlear branch 
subdivides into twelve or fourteen twigs, which traverse the canals in the modiolus, 
and are distributed, in the form of a capillary network, in the lamina spiralis and 
basilar membrane. The vestibular branches accompany the nervaj, and are distributed, 
in the form of a minute capillary network, in the substance of the membranous labyrinth. 

The veins (auditory) of the vestibule and semicircular canals accompany the arteries, 
and, receiving those of the cochlea at the beise of the modiolus, terminate in the posterior 
part of the superior petrosal sinus or in, the lateral sinus. 

Applied Anaif/my . — The diseased conditions which may bo found in the internal ear 
usually result from the spread of a suppurative process from the middle ear — ^thus in 
chronic suppuration of the latter, destruction of the internal ear may take place, with 
necrosis of parts of the cochlea or vestibule. Such cases will be associated with ‘ nerve 
deafness,’ and the disease may spread by means of the sheaths of the facial and auditory 
nerves into the posterior fossa of the skull. 

Htemorrhage occasionally occurs into the labyrinth in certain blood disorders, resulting 
id oomplete ‘ nerve deafness,’ and such conditions may be associated with symptoms 
known as * Meniere’s disease,’ vertigo, giddiness, and tinnitus. Nerve deafness is aiagnosed 
when all ‘ bone-conduction ’ of sound is lost, and is most commonly seen in patients 
suffering from congenital syphilis, many deaf-mutes being the subjects of this condition. 
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* 

U NDER this heading are included the respiratory, digestive and uro-genital 
organs, ajid the ductless glands. 

RESPIRATORY ORGANS 

The respiratory organs (apparatus respiratorius) consist of the larynx 
or organ of voice, the tracjhea, bronchi, lungs and plcurte. 

The Larynx 

The larynx, or organ of voice, is placed at the upper part of the air-passage. 
It is situated between the trachea and base of the tongue, at the upper 
and fore part of the neck, where it forms a considerable projection in tha middle 
line. On either side of it lie the great vessels of the neck ; it forms the lower 
part of the anterior wall of the pharynx, and is covered behind by the mucous 
lining of that cavity. Its vertical extent corresponds to the fourth, fifth, 
and sixth cervical vertebrae, but it is placed somewhat higher in the female 
and also during childhood. In infants between six and twelve months of age 
Symington found that the tip of the e|)iglottis was a little above the level of 
the cartilage between the odontoid process and body of jbhe axis, and that 
between infancy and adult life the larynx descends for a distance equal to two 
vertebral bodies and two intervertebral discs. According to Sappey the average 
measurements of the adult larynx are as follows : 


In males In females 

Length 44 mm. 36 mm. 

Transverse diameter ... 43 41 ,, 

Antero-posterior diameter . 36 ,, 26 ,, 

Circumference .... 136 ., 112 ,, 


Until puberty the larynx of the male and that of the female differ little in 
size. In the female its further increase at puberty is only slight, whereas in 
the male it is great ; all the cartilages are enlarged and the thyroid becomes 
prominent in the middle line of the neck, while the length of the glottis is 
nearly doubled. 

The larynx is broad above, where it presents the form of a triangular box, 
flattened behind and at the sides, and bounded in front by a prominent vertical 
ridge. Below, it is narrow and cylindrical. 1 1 is composed of cartilages, which 
are connected together by ligaments and moved by numerous muscles. It is 
lined by mucous membrane which is continuous above with that of the pharynx 
and below with that of the trachea. 

The cartilages of the larynx (cartilagines laryngis) (fig. 876) arc nine in 
number, three single, and three paired, as ifollows : 

Thyroid. Two Arytenoid. 

Cricoid. Two Cornicula laryngis. 

Epiglottis. Two Cuneiform. 

The thyroid cartilage (cartilago thyreoidea) is the largest cartilage of 
the larynx. It consists of two alae or laminae the anterior borders of which 
are fused with each other at a right angle in the middle line of the neck, and 

3 Y 2 
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form a subcutaneous projection named the pomum Adami (prominentia 
larvngea). This prominence is most distinct at its upper part, and is larger in 
the male tlian in the female. Imraodiately above it the ala? are separated by 
a V-shaped notch, \he thyroid notch (incisura thyreoidea superior). The also 
are irregularly quadrilateral in shape, their posterior angles being prolonged 
into processes termed the superior and inferior cornua. 

The outer surface of each ala presents an oblique ridge (linca obliqua) which 
runs downwards and forwards from a tubercle situated near the root of the 


Fro. 876. — The cartilages of the larvnx. 
Vostcrior view. 



Comic ulo larijugis 



Arytenoid cartUngcH^ ha sc 



superior cornu, to another on 
the lower border. This ridge 
gives attachment to the 
Sterno-thyroid and Thyro- 
hyoid, and from the portion 
of cartilage included between 
it and the posterior border a 
part of the Inferior constrictor 
muscle takes origin. 

The inner surface is 
smooth ; above and behind, 
it is slightly concave and 
covered by mucous mem- 
brane. In" front, in the re- 
ceding angle formed by the 
junc^tioii of the alaj^ are 
attached the epiglottis, the 
true and false vocal cords, 
the Thyro-arytenoideus and 
Thy ro-epigl ottideu s muscles, 
and the thyro-epiglottic liga- 
ment. 

The tipper border is con- 
cave behind and convex in 
front ; it gives attachment to 
the corresponding half of the 
thyro-liyoid membrane. 

The lower border is con- 
cave behind, and nearly 
straight in front, the two 
parts being separated by the 
inferior tubercle. A small 
part of it in and near the 
median line is (jonnected to 
the cricoid cartilage by the 
middle portion of the crico- 
thyroid membrane. 

The posterior border, thick 
and rounded, receives the 
insertions^ of the Stylo- 
pharyngeus and Palato- 
j)haryngeus muscles. It 
terminates above, in the 
superior cornu, and below, in 
the inferior cornu. The 


superior cornu (cornu supe- 
rius) is long and narrow, directed upwards, backwards, and inwards, and 
ends in a conical extremity, which gives attachment to the lateral thyro-hyoid 
ligament. The inferior cornu (cornu inferius) is short and thick ; it is directed 
downwards, with a slight inclination forwards and inwards, and presents, 
on its inner surface, a small oval articular facet for articulation with the side 
of the cricoid cartilage. 

During infancy the alee of the thyroid cartilage are joined to each other by a 
narrow, lozenge-shaped strip, named the intrathyroid cartilage. This strip 
extends from, the upper to the lower border of the cartilage in the middle 
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line, and is distinguished from the alae by being more transparent and more 
flexible. 

The cricoid cartilage (cartilago crieoidea) is so called from its resemblance 
to a signet ring. It is smaller, but thicker and stronger than the thyroid 
cartilage, and forms the lower and back part of the w^l of the larynx. It 
consists of two parts : a quadrate portion, situated behind, and a narrow ring 
or arch, one-fourth or one-fifth of the depth of the posterior part, situated in 
front. The posterior square portion rapidly narrows at the sides of the cartilage, 
at the expense of the upper border, into the anterior portion. 

The 'posterior portion is very deep and broad, and nicasures from above 
downwards about an inch (2 to 3 cm.) ; it presents, on its posterior surface, 
in the middle line, a vertical ridge for the attachment of the longitudinal fibres 
of the oesophagus ; and on cither side of this a broad depression for the 
Crico-arytcnoideus posticus muscle. 

The anterior portion is narrow and convex, and measures vertically about 
one-fourth or one-fifth of an inch (7 to 5 mm.) ; it affords attachment 
exteriially in front and at the sides to the Crico-thyroid muscles, and behind, 
to part of the Inferior constrictor. 

At the junction of the jjosterior quadrate portion with the rest of the 
c.artilago is a small round articular eminence on either side, for articulation 
with the inferior cornu of the thyroid cartilage. 

The lower border of the cricoid cartilage is horizontal, and connected to the 
upper ring of the trachea by a fibrous membrane. 

The upper border is directed oldiquely upwards and backwards, owing to the 
great depth of the posterior surface. It gives attachment, in front, to the middle 
portion of the crico-thyroid membrane ; at the sides, to the lateral portions of 
the same membrane and to the Crico-arytenoidcus lateralis muscles ; behind, it 
presents, in the middle, a shallow notch", and on either side of this is a smooth, 
oval, convex surface, directed upwards and outwards, for articulation with the 
base of an arytenoid cartilage. 

The inner surface of the cricoid cartilage is smooth, and lined by mucous 
membrane. 

The arytenoid cartilages (cartilagines arytsenoideoe) are two in number, 
and situated at the upper border of the cricoid cartilage, at the back of tlie 
larynx. Each cartilage is pyramidal in form, and presents for examination 
three surfaces, a base, and an apex. 

The posterior surface is triangular, smooth, concave, and gives attachment 
to the Arytenoideus muscle. 

The anfero-external surface is somewhat convex and rough. It presents 
rather below its centre a transverse ridge, to the inner exti’emitv of which is 
attached the false vocal cord ; to the. outer part, as well as to the surfaces above 
and below it, the Thyro-arytenoideus muscle is inserted. 

The internal surface is narrow, smooth, and flattened, covered b}^ mucous 
membrane, and forms the lateral boundary of the respiratory part of the glottis. 

The base of each cartilage is broad, and presents a concave smooth surface, 
for articulation with the cricoid cartilage. Two of its angles require special 
mention : the external, which is short, rounded, and prominent, projects back- 
wards and outwards, and is termed the processus muscularis ; it gives insertion 
to the Crico-arytenoideus posticus behind, and to the Crico-arytenoideus 
lateralis in front. The anterior angle, also prominent, but more pointed, 
m-ojects horizontally forwards, and gives attachment to the true vocal cord. 
This angle is called the processus vocalis. 

The apex of each (cartilage is pointed, curved backwards and inwards, and 
surmounted by a small conical, cartilaginous nodule, the corniculum laryngis. 

The cornicula laiyngis or cartilages of Santorini (cartilagines* corni- 
culatse) are two small conical nodules, consisting of yellow elastic cartilage, 
w’hich articulate with the summits of the arytenoid cartilages and serve to 
prolong them backwards and inwards. They are situated in the posterior 
parts of the aryteno-epiglottic folds of mucous membrane, and are sometimes 
united to the arytenoid cartilages. 

The cuneiform cartilages or cartilages of Wrisberg (cartilagines 
cuneiformes) are two small, elongated pieces of yellow elastic cartilage, placed 
one on either side, in the aryteno-epiglottic fold, where they giye rise to small 
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whitish elevations on the inner surface of the mucous membrane, just in front 
of the arytenoid cartilages. 

The epiglottis is a thin lamella of fibro-cartilage, of a yellowish oolo^, 
shaped like a leaf, and projecting behind the tongue, in front of the superior 
opening of the larynx. The projecting extremity is broad and rounded ; the 
attached part or hpex is long, narrow, and connected to the receding angle 
between the two also of the thyroid cartilage, just below the median notch, 
by a ligamentous band, the thyro-epi^httic ligament (lig. thyreoepiglotticum). 
The lower part of its anterior surface is connected to the upper border of the 
body of the hyoid bone by an elastic ligamentous band, the hyo-epiglottic 
ligament. 

The anterior or limyual surface is curved forwards towards the tongue, and 
covered on its upper, free part by mucous membrane which is reflected on to 
the sides and base of the .organ, forming a median and two lateral folds, the 


Fig. 877. — ^The ligaments of the larynx. Anlei-o-lateral view. 
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glosso-epiglottic folds ; the lateral folds are partly attachcdc to the wall of the 
pharynx. The depressions betwceji the ejuglottis and the base of the tongue, 
on either side of the median fold, are named the valleculce. The lower part 
of the anterior surface lies behind the hyoid bone, the thyro-hyoid membrane, 
and upper part of the thyroid cartilage,* but is separated from these structures 
by a mass of fatty tissue. 

The posterior or Idryruieal surface is smooth, concave from side to side, 
concavo-convex from above downwards ; its lower part projects backwards as 
an elevatit>n, the tubercle or cushion (tuberculum epigJotticum). When the 
mucous membrane is removed, the surface of the cartilage is seen to be indented 
by a number of small pits, in which mucous glands are lodged. To its sides 
the aryteno-epiglottic folds are attached. 

Structure. — The csomicula laryngie and cuneiform cartilages, the epiglottis, and the 
apices of the arytenoids at first consist of hyaline cartilage, but later elastic fibres grow in 
from the perichondrium, and eventually they are converted into yellow fibro-cartilage, 
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which shows little tendency to calcification. The^thyroid, cricoid, and the greater part of 
the aiytenoids consist of hyaline cartilage, and become more or less ossified as age advances. 
Ossification commences* about the twenty -fifth year in the thyroid cartilage, and somewhat 
later in the cricoid and arytenoids ; by the sixty-fifth year these cartilages may be 
completely converted into bone. 

Ligaments.— The ligaments of the larynx (figs. 877, 878) are eUrimiCy 
i.e. those connecting the thyroid cartilage and epiglottis with the hyoid bone, 
and the cricoid cartilage with the trachea ; and intrinsic, those which connect 
tlie several cartilages of the larynx to each other. 

Extrinsic ligaments. — The ligaments connecting the tliyroid cartilage with 
the hyoid bone are three in number — the thyro-hyoid membrane, and the two 
lateral thyro-hyoid ligaments. 

The thyro-hyoid membrane (membrana hyothyreoidea) is a broad, fibro- 
elastic. membranous layer, attached below to the upper border of the thyroid 
cartilage, and above to the upper margin of the posterior surface of the body 
and greater cornua of the hyoid bone, thus passing behind the posterior surface 



of the body of the hyoid, and being separated from it by a synovial bursa, which 
facilitates the upward movement of the larynx during degrutition. It is thicker 
in the middle line than at either side, and is pierced, in the latter situation, 
by the superior laryngeal vessels and the internal laryngeal nerve. Its anterior 
surface is in relation with the Thyro-hyoid, Sterno-hyoid, and Omo-hyoid 
muscles, and with the body of the hyoid bone. 

The lateral thyro-hyoid ligament hyothyreoideum laterale) is a round 
elastic cord, which passes between the superior cornu of the ala of the thyroid 
cartilage and the extremity of the greater cornu of the hyoid bone. A small 
cartilaginous nodule {cartilago triticea), sometimes bony, is frequently found 
in it. 
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The ligament connecting the epiglottis with the hyoid bone is the hyo~ 
epiglottic, in addition to this extrinsic ligament, the epiglottis is connected to 
tlie tongue by the three glosso-epiglottic folds of mucous membrane, which 
may also be considered as extrinsic ligaments of the epiglottis. 

The hyo-epiglottic ligmmnt (lig. hyoopiglotticum) is an elastic band, which 
extends from the anterior surface of the epiglottis to the upper border of the 
body of the hyoid bone. 

JrUrinsic ligaments, — The ligaments connecting the thyroid cartilage to the 
cricoid are three in number— the cri(}o-thyroid membrane, and the capsular 
ligaments. 

The crico-thyroid membrmw is composed mainly of yellow elastic tissue. It 
consists of three parts, a central, triangidar portion and two lateral portions. 
The central part (lig. cricothyit^oideum medium) is thick and strong, narrow 
above and broad below. It connects together the contiguous margins of 
the thyroid and cricoid cartilages. Jt is convex, concealed on either side 

by the ('Jrico-thyroidous, but 
subcutaneous in the middle 
line ; it is crossed horizontally 
by a small anastomotic arterial 
arch, formed by the junction of 
the two crico- thyroid arteries. 
The lateral portions are thinner 
and lie close under the mucous 
membrane of the larynx ; they 
extend from the superior border 
of the cricoid cartilage to the 
inferior margin of the true vo(;al 
cords, with which they are con- 
til i uous. These cords may there- 
fore be regarded as the free 
bord(Ts of the lateral portions 
of the crico-thyroid mem- 
brane ; they extend from the 
vocal processes of the arytenoid 
cartilages to the receding angle 
of the thyroid cartilage near 
its centre. The lateral por- 
tions are lined internally by 
mucous membrane, and covered 
externally by the Crico-ary- 
tenoideus lateralis and Thyro- 
arytenoidcus muscles. 

Acapsular ligament, stTength- 
ened posteriorly by a well- 
marked fibrous band, encloses 
the articulation of the inferior 
cornu of the thyroid with the cricoid cartilage on ea(di side. The articulation 
is lined by synovial membrane. 

Each arytenoid cartilage is connected to the cricoid by' a capsular and a 
posterior crico-arytenoid liga'tmnt. The capsular ligamint is thin and loose, 
and is attached to the margins of the articular surfaces, and lined by synovial 
membrane. The posterior crico-arytenoid ligamp.nt (lig. cricoaryta?noideum 
posterius) extends from the cricoid to the inner and back part of the base of 
the arytenoid. 

The thyro-epiglottixi ligament (lig. thyrcoepiglotticum)' is a long, slender, 
elastic cord which connects the apex of the epiglottis with the receding angle 
of the thyroid cartilage, immediately beneath the median notch, above the 
attachment of the vocal cords. 

The crico-tracheal ligament (lig. cricotracheale) connects the cricoid cartilage 
with the first ring of the trachea. It resembles the fibrous membrane which 
connects the cartilaginous rings of the trachea to each other. 

Movements. — The articulation between the inferior cornu of the thyroid 
cartilage and the cricoid cartilage on either side is a diarthrodial one, and 




Fig. 879. — Sagittal section of the larynx and 
iipl)er jiart of the trac5hea. 



Arytena- 
ejnylottic fold 


Arytenoid 

cartilage 


Anjtenoideus 
I muscle 



THE LARYNX 


1065 


Fig. 880. — Coronal section of lai-ynx and 
upper part of trachea. 


permits of rotatory and gliding movements. The rotatory movement is one 
in which the inferior cornua of the thyroid cartilage rotate upoif the cricoid 
cartilage around an axis passing transversely through both joints. The 
.gliding movement consists in a limited 
shifting of the cricoid on the thyroid 
in different directions. 

Tlie articulation between the 
arytenoid cartilages and the cricoid 
is also a diarthrodial one, and permits 
of two varieties of movement : one a 
rotation of the arytenoid on a vertical 
axis, whereby the vocal process is 
moved outwards or inwards, and the 
opening of the rima glottidis increased 
or diminished ; the other is a gliding 
movement, and allows tlie arytenoid 
cartilages to approach or recede 
from each other ; from the direction 
and slope of the articular surfac<^s 
outward gliding is accompanit'd by a 
forward and do^\n^^ard movement 
The two movements of gliding and 
rotation are associated, th(‘ gliding 
inwards being connected with inward 
rotation, and the gliding outwards 
with outw^ard rotation. Th(' posterior 
crico-arytenoid ligaments limit the 
forward movement of the arytenoid 
cartilages on the cricoid. 

Interior of the larynx (figs. 879, 

880) .-'-The cavity of the laryvx (cavum 
laryngis) extends from its superior 
ai)crture to the lower border of the 
cricoid (iartilage. It is divided into 
two parts by the j)rojection inwards 

of the true \Wal cords, bciwTcn wiiicdi is a narrow triangular fissure or chink, 
the rima gloltktl^. The portion of the cavity of the larynx above the true 
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vocal cords, sometimes called the vestibule (vestibulum laryngis), is wide and 
triangular in sliape, its base or anterior wall presenting, however, about its 
centre the backw^ard projection of the cushion of the epiglottis. It contains 
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the false vocal cords, and between these and the true vocal cords are the 
ventricles of the larynx. The portion below the true vocal cords is at first 
of an elliptical form, but lower down it widens out, assumes a circular form, 
and is continuous with the tube of the trachea. 

The superior aperture of the larynx (aditus larynps) (fig. 881) is a triangular 
or cordiform opening, wide in front, narrow behind, and sloping obliquely 
downwards and backwards. It is bounded, in front, by the epiglottis ; behind, 
by the apices of the arytenoid cartilages and the cornicula laryngis ; and on 
either side, by a fold of mucous membrane, enclosing ligamentous and muscular 
fibres, stretched between the side of the epiglottis and the apex of the arytenoid 
cartilage ; this is tlie aryteno-epiglottic fold (plica aryepiglottica), on the 
margin of which the cuneiform cartilage forms a more or less distinct whitish 
prominence. 

The superior or false vocal cords (plicae ventriculares), so called because 
they are not directly concerned in the production of the voice, are tw'o thick 
folds of mucous membrane, each enclosing a narrow band of fibrous tissue, the 
superior thyro-arytenoid ligament. Tliis is attached in front to the angle of 
the thyroid cartilage irnraediatoh^ below the attachment of the epiglottis, and 
behind to the antero-oxternal surface of the arytenoid cartilage, a short distance 
above the vocal process. The lower border of this ligament, enclosed in 
mucous membrane, forms a free crescentic margin, which constitutes the upper 
boundary of the ventricle of the larynx. 

The inferior or true, vocal cords (plicae vocalcs), so called from their being 
concerned in the production of sound, are two strong bands, named the 
inferior thyro-arytenoid ligaments. Each ligament consists of a band of yellow 
elastic tissue, attached in front to the depression between the two alas of 
the tfiyroid cartilage, and behind to the vo(;al process of the base of the 
arytenoid. Its lower border is continuous with tlic thin lateral part of 
the crico-thyroid membrane. Its upper border forms the lower boundary 
of the ventricle of the larynx. Externally the Tliyro-arytcnoideus muscle 
lies parallel with it-. It is cjovered internally by mucous membrane, Avhich 
is extremely thin, and closciy adherent to its surface. 

The ventricle of the larynx or laryngeal sinus (vcmtriculus laryngis) is an 
oblong fossa, situated botw'een tlic superior and inferior vocal cords on either 
side, and extending nearly their entire length. The fossa is bounded, above, 
by the free crescentic edge of the false vocal cord ; bclow^ by the straiglit 
margin of the true vocal cord ; externally, by the mucous membrane covering 
the corresponding Thyro-arytenoideus muscle. The anterior part of the 
ventricle leads up by a narrow^ opening into a ca)(;al pouch of mucous membrane 
of variable size, called the laryngeal saccule. 

The Ixiryngeal saccule (appendix ventriculi laryngis) is a membranous sac, 
placed between the superior vocal cord and the inner surface of the th;yToid 
cartilage, occasionally extending as far as its upper border or even higher ; 
it is conical in form, and curved slightly backwards. On Die surface of its 
mucous membrane are the openings of sixty or seventy mucous glands, which 
are lodged in the submucous areolar tissue. This sacj is enclosed in a fibrous 
capsule, continuous below^ wath the sujwrior thyro-arytenoid ligament : its 
laryngeal surface is covered by a few' delicate muscular fasciculi, which arise 
from the apex of the arytenoid cartilage and become lost in^he fold of mucous 
membrane extending between the arytenoid cartilage and the side of the 
epiglottis (they were named by Hilton the compressor sacculi laryngis) ; w hile 
its exterior is covered by the Th 3 rro-arytendideus and Thyro-epiglottideus 
muscles. These rnusc^les compress the lar 3 mgeal saccule, and express the 
secretion it (jontains upon the vocal cords to lubricate their surfaces. 

The rima gloUidis is the elongated fissure or chink betw^een the inferior or 
true vocal cords in front, and tlio bases and vocal processes of the arytenoid 
cartilages behind. Tt is therefore frequently subdivided into a larger anteiior 
inter-ligamontous or vocal portion, the glottis vocalis intramembranacea), 
w'hich measures about three-fifths of the length of the entire aperture, 
and a posterior intcrcartilaginous or respiratory part, the glottis respiratoria 
(pars intercartilaginea). Posteriorly it is limited by the mucous membrane 
passing between the arytenoid cartilages. The rima glottidis is the narrow^est 
part of the cavity of the larynx, and its level corresponds with the bases of the 
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arytenoid cartilages. Its length, in the male, measures rather less than an 
inch (23 mm.) ; in the female it is shorter by 5 or 6 mm. The width and 
shape of the rima glottidis vary with the 
movements of the vocal cords and aryte- 
noid cartilages during respiration and 
phonation. In the condition of rest, i.e. 
when these structures are uninfluenced by 
muscular action, as in quiet respiration, 
the glottis vocalis is triangular, with its 
apex in front and its base behind — the 
latter being represented by a line, about 
8 mm. long, connecting the anterior ex- 
tremities of the vocal processes, while the 
inner surfaces of the ary tenoids are parallel 
to each other, and hence the glottis respi- 
ratoria is rectangular. During extreme 
adduction of tlie cords, as in the emission 
of a high note, the glottis vocalis is re- 
duced to a linear slit by the apposition of 
the cords, while the glottis respiratoria is 
triangular, its apex corresponding to tlie 
anterior extremities of the vocal processes 
of the arytenoids, wliicli are approximated 
by the inward rotation of the cartilages. 

(Jojiversely in extreme abduction of the 
cords, as in forced inspiration, the 
arytenoids and their vocal |)rocesses are 
rotated outwards, and tlie glottis respi- 
ratoria is triangular in shape but A\ith 
its apex directed backwards. In this condition the entire glottis is some- 
what lozenge-shaped, the sides of the glottis vocalis diverging from before 

backwards, tliose of the 
glottis respiratoria diverging 
fj*om beJiind forwards “ the 
widest })art of the aperture 
corresponding with tlie^ 
attachments of tlie cords to 
the vocal processes. 

Muscles. — The muscles 
of the larynx are cxirinsir, 
passing between tlu^ larynx 
and parts around — tliese have 
be(m described in the sec- 
tion on Myology ; and in^ 
trinsic, confined entirely to 
tlie larynx. 

The intrinsic muscles 

Crico-thjn’oideus. 
(3rico-arytenoideus 
posticus. 

Crico-arytenoidcus 
lateralis. 
Arytenoideiis. 
Th 3 rro-arytenoideus. 

The Crico-thyroidevs (m. 
cricothyreoideus) (fig. 882) 
is triangular in form, and 
situated at the fore i)art and 
side of the cricoid cartilage. It arises from the front and lateral part 
of the cricoid c.artilage ; its fibres diverge, passing obliquely upwards and 


Fio. 883. -IVIusclos of larynx. Posterior view . 



Cushion of epujloitis 

-Cariilatfc tf \Vri.sbtu'g 
-Cartilage of Santorini 

i fy/lf'fioi(lrns 


Crtco-argfrnoideuh 
post tens 


Fig. 882. — Side view of the larynx, 
showing muscular attachments. 
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outwards, to be inserted into the lower border of the ala of the thyroid 
cartilage, and the anterior border of the inferior cornu. 

The inner borders of the two 
P^ia. 884.^Muscles of larynx. Side view. muscles are separated in tlie 

Right ala of thyroid cartilage removed. jiiiddlo line by a triangular 

interval, occupied by the central 
part of the crico-thyroid 
riiembrane. 

The Cric-o-arytenoidcMs 'posticus 
(m. cricoaryta?noideus posterior) 
(fig. 883) arises from the broad 
depression on tlie corresponding 
half of the posterior surface of 
the cricoid cartilage ; its fibres 
run upuards and outwards, and 
converge to be inserted into the 
posterior surface of the muscular 
process at tlie base of the 
arytenoid cartilage. The upper- 
most fibres are nearly horizontal, 
the middle oblique, and the lowest 
almost vertical. 

The Crico-aryUmoidcu^ lateralis 
(m. (*ri(;oaryta‘noideus lateralis) 
(fig. 884) is smaller than tlu* pre- 
ceding, and of an oblong form. 
It arises from the upper border of 
the side of the cricoid cartilage, 
and, passing obliquely u])wards 
and backwards, is inserted into 
the front of the muscular piocess 
of the aryt(‘noid cartilage. 

The Arylenoideus (m. ary- 
tienoideus) (fig. 883) is a single 
muscle, filling up the posterior con(*ave surfaces of the arytenoid cartilages. 
It arises from the posterior surface and outer border of one arytenoid cartilage, 
and is inserted into the correspond- 
ing imrts of tin? opposite cartilage. Pia. 885.— Interior of the larynx, 

It consists of tJirec planes of fibres, seen from above. (Enlarged.) 

two oblitpje and one transv(*rsc. 

The oblique fibres (rn. arytjenoidcus 
obliquus), the more superficial, form 
two fas(dculi, which pass from tlie 
base of one (uirtilage to the apex of 
the opposite orui, and v\ liic^h therefore 
cross each other like tlie limbs of the 
letter X. The transverse fibres ^ (m. 
aryta?noidcus transversus) , the deeper 
and more numerous, pass transversely 
across between the two cartilages. 

A few of the obli(pic fibres are 
continued round the outer margin 
of the cartilage, and are prolonged 
into the aryteno-epiglottic fold. 

They an^ sometimes described as a 
separate muscle, the Aryepightticus, 

The Thyro-arytenoideus (m. thyreo- 
arytajnoideus) (figs. 880, 884, 885) 
is a broad, flat muscle, which lies 
parallel Muth the outer side of the 
true vocal cord and supports the 
wall of the ventricle. It arises in front from the lower half of the 
receding angle of the thyroid cartilage, and from the crico-thyroid membrane. 
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Its fibres pass backw ards and outwards, to be inserted into the base and anterior 
surface of the arytenoid cartilage. This muscle consists of two fasciculi, an 
inner and an outer.* The inner portion (m. vocalis) is a triangular band which 
is inserted into the vocal process of the arytenoid cartilage, and into the 
adjacent poriion of its anterior surfa(^e ; it lies parall(‘l with the true vocal 
cord, to wiiich it is adherent. The outer portion (in. tliyi'coarytspnoideus 
extemus), the tliinner, is inserted into the anterior surface and outer border 
of the arytenoid cartilage above the preceding fibres ; it lies on the outer side 
of the laryngeal saccule, immediately beneatli tlie mucous mernbreanc. 

A considerable number of the fibres of IheTJiyro-arytenoideus are prolonged 
into the aryteno-epiglottie fold, where some of them become iost, while 
others are continued forwards to the margin of the epiglottis. 'I^hey have 
received a distincitive name, Thyro-epigloiticns (m. thyreoepiglotticus), and 
are sometimes describt^d as a separate muscle. 

Actions. — In considering the actions of the muscles of tlio larynx, they may 
be conveniently divided into two groups, viz. : 1. Those w hich o])en and close 
the glottis. 2. Those w hich regulate the degree of tension of the vocal cords. 

1. Tlie muscles which open the glottis are the Crieo-arytenoidei postici ; 
and tliosii which close it are tlie C'rico-arytenoidei laterales and the Aryte- 
noideus. 2. The muscles which regulate the tension of tht‘ vocal cords arc* 
the Cri(;o-thyroidei, which elongate and render them tense ; and the Thyro- 
arytenoidci, which relax and shorten them. 

The Posfrrior crico-aryienoid niusclea separate the vocal cords, and, (consequently, 0])en 
the glottis, by rotating the arytenoid cartilages outwards around a vertical axis passing 
through the crico-arytenoid joints ; so that their vocal processes and the vocal cords 
attached to them become widely sejairatcd. • 

The Lateral crico‘aryU‘n(nd munvle^ close the glottis, by rotating the arytimoid cartilages 
inwards, so as to approximate their vocal processes. 

The A ryUmoid m itsrle approximates the arytenoid cartilages, and thus closes the ot»ening 
of the glottis, especially at its back part. 

The Crico-ihyroid mvficles f>roduce tension and elongation of th(j vocal cords by 
drawing down the lower border of the thyroid (cartilage and slightly advancing its 
inferior cornua ; the distance between the vocal y)roccsses and the angle of the thyroid 
is thus inciroased, and tlio cords arc consequently elongated. 

The Thyro-arytenoid mns(dv.% consisting of two ))arts having ditferent attachments 
and different directions, are rather complicated as regards their action. Their main use 
is to draw' the arytenoid cartilages forwards tow’ards the thyroid, and thus shorten and 
relax the vocal cords. But. owing to the connection of the inner portion with the vocal 
cord, this part, if acting separately, is supposed to modify its elasticity and tension, and the 
outer portion, being inserted into the outer part of llio anterior surface of the arytenoid 
cartilage, may rotate it inwards, and thus narrow the rima glottidis by bringing the tw'O 
cords together. 

The manner in which the superior aperture of the larynx is closed during deglutition 
is referred to on jmge 48tj. 

Mucoiis Membrane. — 'fhe mucous membrane of the larynx is continuous above with 
thfit lining the mouth and phar3mx, and is prolonged through the trachej^ and bronchi 
into the lungs. It lines the posterior surface and the upper part of the anterior surface of 
the ejnglottis, to whicli it is closely adherent, and forms the aryteno-epiglottie folds 
which bound t he superior aperture of the larynx. It lines the whole of the cavity of the 
larynx ; forms, by its reduplication, the cdiief part of the superior, or false* vocal cord ; and, 
from the ventricle, ft continued into the laryngeal saccule. It is then reflected over the 
true vocal coids, where it is thin, and very intimately adherent ; covers the inner surface 
of the crico-thyroid membrane and cricoid cartilage ; and is ultimately continuous with the 
lining membrane of the trachea. The upper part of the anterior surface and the upper half 
of the posterior surface of the e})iglottis, the upper part of the aryteno-epiglottie folds, 
and the true vocal cords are covered by stratified squamous epithelium ; all the rest of the 
laryngeal mucjous membrane is covered by columnar ciliated cells. 

Glands. — The mucous membrane of the laiynx is furnished with numenuis mucuparous 
glands, the orifices of which are found in ncsarly every part ; they are Very plentiful upon 
the epiglottis, being lodged in little pits in its substance ; they are also found in large 
numbers along the posterior margin of the aryteno-epiglottie fold, in front of the arytenoid 
carfilages, where they are termed the arytenoid gtaiids. They exist also in large numbers 
upon the inner surface of the sacculus laryngis. None are found on the free ^ges of the 
true vocal cords. 

• Henle describes these two portions as separate muscles, under the names of External 
and Internal thyroarytenoid s. 
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VesselB and Kervea. — ^The arteries of the larynx are the laryngeal branches denved from 
the superior and inferior thyroid. The veins accompany the arteries : those accompanying 
the superior laryngeal artery join the superior thyroid vein which opens into the internal 
jugular vein ; while those accompanying the inferior laryngeal artery join the inferior 
thyroid vein which opens into the innominate vein. The lymphatics consist of two sets, 
superior and inferior. The former accompany the superior laryngeal artery and pierce the 
tliyro-hyoid membrane, to terminate in the glands situated near the bifurcation of the 
common carotid artery. Of the latter, some pass through the crico-thyroid membrane 
and open into a gland lying in front of that membrane or in front of the upper part of the 
trachea, while others pass to the deep cervical glands and to the glands «w^ch accompany 
the inferior thyroid artery. The nerves aro derived from the internal and external laryngeal 
branches of the superior laryngeal nerve, from the inferior or recurrent laryngeal, and from 
the sympathetic. The internal laryngeal nerve is almost entirely sensory, but some motor 
filaments are said to bo carried by it to the Arytenoidous muscle. It divides into a branch 
which is distributed to both surfaces of the epiglottis, a second to the aryteno-epiglottic fold, 
and a third, the largest, which supplies the raucous membrane over the back of the lar3nix 
and communicates with the isecurrent lar3mgeal. The external laryngeal nerve supplies the 
Crico-thyroidouB muscle. The recurrent laryngeal passes upwards under the lower lx)rder 
of the Inferior constrictor, and cnlcrs the larynx between the cricoid and thyroid cartilages. 
It supplies all the muscles of the larynx except the Crico-thyroideus, and perhaps a part 
of the Arytenoidous. The sensory branches of the laryngeal nerves foj*m subepithelial 
plexuses, from which fibres ])ass to end between the cells covering the mucous membrane. 

Over the posterior surface of the epiglottis, in the aryteno-epiglottic folds, and less 
regularly in some other parts, taste-buds, similar to those in the tongue, arc found. 

The Trachea axd Bronchi (fig. 886) 

The trachea, or windpipe, is a cartilaginous and men)branous tube, whicdi 
extends from the lower part of the larynx, on a level with the sixth cervical 
vertebral^ to th(3 upper border of the fifth thoracic vertebra, whore it divides 
into the two bronchi, one for each lung. The trachea is nearly but not quite 
cylindrical, being flattened posteriorly ; it measures about four inches and a 
half (11 cm.) in length ; its diameter, from side to side, is from three-quarters 
of an inch to an inch (19 to 25 mm.), being always greater in the mahj than in 
the female. 

Relations.— ^The anterior surface of the trachea is convex, and covered, in 
the neck, from above downwards, by the isthmus of the thyroid gland, the 
inferior thyroid veins, the arteria thyreoidea ima (when tliat vessel exists), 
the Sterno- thyroid and Sterno-hyoid muscles, the cervical fascia, and, more 
superficially, by the anastomosing branches between the anterior jugular 
veins ; in the thorax, it is covered from before baerkw ards by the first piece of 
the sternum, the remains of the thymus gland, the left innominate vein, the 
arch of the aorta, the innominate and left common carotid arteries, and the 
deep cardiac plexus. Posteriorly it is in relation with the oesophagus ; laterally, 
in the nock, it is in relation with the common carotid arteries, the lateral lobes 
of the thyroid gland, the inferior thyroid arteries, and the recurrent laryngeal 
nerves ; in the thorax, it lies in the upper part of the interpleural spa(^e 
(superior mediastinum), and is in relation on the right side to the pleura and 
right vagus, and near tlie root of the neck to the innominate artery ; on its 
left side are the recurrent laryngeg-l nerve, the aortic arch, and the left common 
carotid and subclavian arteries. 

The rig^ht bronchus (bronchus dexter), wider, shorter, and more vertical 
in direction than the left, is about an inch in length, and enters the right lung 
nearly opposite the fifth thoracic vertebra. The vena azygos major arches 
over it from behind ; and the right pulmonary artery lies below and then in 
front of it. About three-quarters of an inch from its commencement it gives 
off a bran oil to the upper lobe of the right lung. This is termed the epartcrial 
branch (ramus bronchialis eparterialis), because it is given off above the right 
pulmonary artery. The bronchus now passes below the artery, and is known 
as the hy^mrterial branch (ramus bronchialis hyparterialis) ; it divides into 
two brandies for the middle and lower lobes. 

The left bronchus (bronchus sinister) is smaller and longer than the 
right, being nearly two inches in length. It enters the root of the left lung 
opposite the sixth thoracic vertebra, about an inch lower than the right 
bronchus. It passes beneath the arch of the aorta, crosses in front of the 
msophagus, the thoracic duct, and the descending aorta, and lias the left 
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pulmonary artery lying at first above, and then in front of it. The left bronchus 
has no eparterial branch, and therefore it has been supposed by some that there 
is no upper lobe to the left lung, but that the so-called upper, lobe corresponds 
to the middle lobe of the right lung. 

The further subdivision of the bronchi will be considered with the anatomy 
of the lung. 

If a transverse section be made across the trachea a short distance above 
its point of bifurcation, and a bird’s-eye viev^ taken of its interior (fig. 887), 


Fia. 886. — Front view of cartilages of larynx, trachea, and bronchi. 



the septum placed at the bottom of the tracliea and separating the two bronchi 
will be seen to occupy the left of the median line, and the right bronchus 
appears to bo a more direct continuation of the trachea than the left, so that 
any solid body dropping into the trachea would naturally be directed towards 
the right bronchus. This tendency is aided by tlie larger size of the right tube 
as compared with its fellow. This fact serves to explain why a foreign body 
in the trachea more frequently falls into the right bronchus.* 

♦ Beigcl averts that the entry of a foreign body into the left bronchus is by no tnt^ans 
so infrequent as is generally supposed. See also Med.-Chir. Tram. vol. Ixxi. p. 121. 
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structure (fig. 888). — The trachefi is composed of imperfect rings of hyaline cartilage, 
fibrous tissue, muscular fibres, mucous membrane, and glands. 

The carlilages vary from sixteen to twenty in nural^r : each forms an imperfect ring, 
which occupies the' anterior two-thirds or so of the circumference of the trachea, being 
deficient behind, where the tube is completed by fibrous tissue and unstriped muscular 
fibres. The cartilages are placed horizontally above each other, separate by narrow 

intervals. TTiey measure about 4 mm. 
Fig. 887. — ^Transverse section of the trachea. in depth, and 1 mm. in thickness. Their 
just above its bifurcation, with a bird's-eye outer surfaces are flattened, but in- 
view of the inteiior. icrnally they are conarex, from being 



thicker in the middle than at the margins. 
Two or more of the cartilages often unite, 
partially or completely, and they are 
sometimes bifurcated at their extremities. 
They are highly elastic, but may become 
calcified in advanced life. In the right 
bronchus the cartilages vary in number 
from six to eight ; in the left, from nine 
to twelve. They are shorter and narrow er 
than those of the trachea. The peculiar 
tracheal cartilages are the first and the last. 


The cartilage is broader than the rest, and often divided at one end ; it is connected 
by fibrous membrane wfith the lower border of the cricoid cartilage, with which, or with 
the succeeding cartilage, it is sometimes blended. 

T^lie last cartiUige is thick and broad in the middle, in consequence of its lower border 
being prolonged into a triangular hook-shaped process, whujh cui ves downwards and 
backwards between the two bronchi. It te7'minates on each side in an imperfect ring, 


which encloses the commence- 


ment of the bronchi. The carti- 
lage above the last is somewhat 
broader than the re.st at its centre. 

The fibrous wevihrane. — The 
cartilages are enclosed in an elastic 
fibrous membrane, which consists 
of two layers ; one, the thicker of 
the two, passing over the outer 
surface of the ring, the other 
over the inner surface : at the 
upper and lower margins of the 
cartilages the two layers blend 
together to form a single mem- 
brane, which connec^ts the rings 
one with another. Uhey are thus, 
as it were, imbedded in the mem- 
brane. In the space behind, 
between the extremities of the 
rings, the membrane forms a 
single distinct layer. 

The muscular tissue consists 
of two layers of non-striated 
muscle, longitudinal and trans- 
verse. The longitudinal fibres are 
external, and consist of a few 
scattered longitudinal bundles. 
The transverse fibres (Tracliealis 
muscle) are internal, and form a 
thin layer which extends trans- 
versely between the ends of the 
cartilages. 

Mucous membrane. — The 
mucous membrane is continuous 
above with that of the larjmx, 
and below wath tliat of the 
bronchi. It consists of areolaa 


Fig. 888. — ^Transverse section of trachea. 
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'and lymphoid tissue, and presents 

,a well-marked basement-membrane, supporting a stratified epithelium, the outer layer of 
which is columnar and ciliated, while the inner layers are composed of oval or rounded cells. 
Beneath the basement-membrane there is a distinct layer of longitudinal elastic fibres 
with a small amount of intervening areolar tissue. Hie submucous layer is composed of 
a loose mesh-work of connective tissue, containing large blood-vessels^ nerves, and 
mucous glands ; the ducts of the latter pierce the overlying layers and open on the surface. 
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VoBselB and NerveB. — The trachea is supplied with blood by the inferior thyroid arteries. 
The veins terminate in the thyroid venous plexus. Die nerves are derived from the 
pneumogastric and its recurrent branches, and from the sympathetic. 

Surface Form . — In the middle line of the neck, some of the cartilages of the larynx 
can be readily distinguished. In the receding angle below the chin, the hyoid bone can 
easily be made out (see page 261), and a finger's breadth below it is the pomum Adami, 
the prominence between the upper hol ders of the two alae of the thyroid cartilage. About 
an inch below this, in the middle line, is a depression corresponding to the crico-thyroid 
space, in which the operation of laryngotomy is performed. This depression is bounded 
below by a prominent arch, the anterior jiart of the cricoid cartilage, below which the 
trachea can be felt, though it is only in the emaciated that the separate rings can be 
distinguished. The lower part of the trachea is not easily made out, for as it descends in 
the neck it lakes a deeper position. The level of the vocal cords con’esponds to the middle 
of the anterior margin of the th3rroid cartilage. 

With the laryngoscope the following structures can be seen : the base of the tongue, 
and the upper surface of the epiglottis, with the glosso- epiglottic ligaments ; the superior 
aperture of the larynx, bounded on either side by the aryteno-epiglottic folds, in 
which may be seen two rounded eminences, corresponding to the comicula and cuneiform 
cartilages. Beneath these lie the false and true vocal cords with the ventricle between them. 
Still deeper arc seen the cricoid cartilage and some of the anterior parts of the rings of the 
trachea, and sometimes, in deep inspiration, the bifurcation of the trachea. 

Applied Anaicymy . — Foreign bodies often find their way into the air-passages. These 
may consist of large soft substances, as pieces of moat, which may become lodged in the 
upper aperture of the larynx, or in the rima glottidis, and cause speedy suffocation unless 
rapidly got rid of, or unless an opening Is made into the air-passages below, so as to enable 
the patient to breathe. Smaller bodies, frecpiently of a hard nature, such as (fherry or 
plum stones, small pieces of bone, Imttons, &c., may find their way through the rima 
glottidis into the trachea or bronchus, or may become lodged in the ventricle of the larynx. 
The dangers then depend not so much upon the moc^hanical obstruction as upon the spasm 
of the glottis which they excite from reflex irritation. When lodged in the Ventricle 
of the larynx, they may produce very few symptoms, beyond sudden loss of voice or 
alteration in the voice sounds immediately after the inhalation of the foreign body. 
When, however, they are situated in the trachea, they are (jonstantly striking against 
the vocal cords duj'ing expiratory ollorts, and inoduce attacks of dyspnoea from si)a8m 
of the glottis. When lodged in the broncdius, they usually become fixed there, and, 
occluding the lumen of the tube, (;au.se a loss of the resjnratory murmur on the affei^ted 
side, and may subsequently lead to purulent bronchitis and gangrene of the lung. Foreign 
bodies in the air-passages should always bo removed as soon as possible. In the less urgent 
cases a thorough examination of the ifliarynx, larynx, and bronchi should be made, using 
one or another of the modern forms of laryngoscope, tracheoscope, or bronchoscope ; when 
discovered, the foreign body should bo removed by approxiriately shaped forceps. In the 
cases where urgent dyspncca is jiroduced and death seems imminent from asjihyxia , after 
digital examination of the back of the throat and inversion with shaking of the patient 
have failed to give l elief, tracheotomy should bo rapidly performed. 

Beneath the mucous membrane of the upper part of the air-passages there is a con- 
siderable amount of submucous tissue, which is liable to become much swollen from effusion 
in inflammatory affections, constituting the condition known as ‘ cedema of the glottis.’ 
This effusion does not extend below the level of the vocal cords, on account of the fact that 
the mucous membrane is closely adherent to those structuj*es without the intervention 
of any submucous tissue. So that, in cases of (edema of the glottis, in which it is necessary 
to open the air-passages to prevent suffocation, the o|HTation of larjmgotomy is sufficient. 
J.<aryngcal or glottidean oedema may be sec(mdary to some local inflammatory affection, such 
as acute septic laryngitis, syphilitic huyngeal perichondritis, or to malignant disease. 
Or the cedema may be passive (non-inflammatory), consequent upon renal or cardiac 
mischief, angioneurotic oedema, or, in unusually susceptible persons, the administration 
of potassium iodide. 

Qironic laryngitis is an inflammation of the mucous glands of the larynx, which occurs 
in those who speak mu(;h in public, an(i is known as ‘ clergjnnan’s sore throat.’ It is 
due to the dryness induced by the large amount of cold air drawn into the air-passages 
during prolonged speaking, which excites increased activity of the mucous glands to 
keep the parts moist, and this eventually terminates in inflammation of these 
structures. 

Ulceration of the larynx may occur from syphilis, either as a superficial ulceration, or 
from the softening of a gumma ; from tuberculous disease (laryngeal phthisis), or from 
malignant disease (epithelioma). 

The air-passages may be opened in three different situations : by a vertical incision 
through the centre of the thyroid cartilage {thyrotomy) ; through the crico-thyroid 
membrane {laryngotomy), or in some part of the trachea {tracheotomy). 

Thyrotomy is usually i)erformod for the purpose of removing growths from the vocal 
oorcis or for extracting foreign bodies from the ventricle of the larynx. A median incision 

3 z 
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is made from the upper border of the body of the hyoid bone to the lower border of the 
cricoid cartilage, and is carried through the subcutaneous tissues and deep fascia between 
the margins of the Sterno-hyoid muscles. An incision is then made in the crico-thyroid 
membrane, and one blade of a stout, sharp-pointed pair of scissors is introduced beneath 
the lower border of the thyroid cartilage, and this structure is divided from below upwards. 
Great care must be taken to cut exactly in the middle line to avoid wounding the vocal 
cords. If the two halves of the cartilage aie now drawn apart, a very good view of the 
interior of the larynx will be obtained. 

Laryngotomy is anatomically a simple operation : it can readily be performed, and 
should be employed in those cases where the air-passages require opening in an emer- 
gency for the relief of some sudden obstruction to respiration. The crico-thyroid 
membrane is very superficial, being covered only in the middle line by the skin, super- 
ficial fascia, and the deep fascia. On either side of the middle line it is also covered by 
the Sterno-hyoid and Stemo-thyroid muscles, which diverge from each other at their 
upper parts, leaving a slight interval between them. On these muscles rest the anterior 
jugular veins. The only vessel of any importance in connection with this operation is 
the crico-thyroid artery, which crosses the crico-thyroid membrane, and may be 
wounded, but rarely gives rise to any trouble. The ojieration is performed thus : the head 
being thrown back and stead it'd by an assistant, the linger is passed over the front of the 
neck, and the crico-thyroid depression felt for. A vertical incision is then made through 
the skin in the middle lino over this spot, and carried down through the fascia until the 
crico-thyroid membrane is exposed. A cross-cut is then made through the membrane, 
close to the U2)pcr border of the cricoid cartilage, so as to avoid, if possible, the crico- 
thyroid artery, and a laryngotomy tube inserted. It has been recommended, as a more 
rapid way of performing the operation, to make a transverse instead of a longitudinal cut 
through the superficial stnictures, and thus to open at once the air-passag&s. It will be 
seen, however, that in operating in this way the anterior jugular veins arc in danger of 
being wounded. 

Tracheotomy may be performed either above or below the isthmus of the thyroid body, 
or this structure may be divided and the trachea opened behind it. 

From the relations already described it must be evident that tlic trachea (jan be more 
readily opened above than below the isthmus of the thyroid body. 

Tracheotomy above the isthmus is performed thus : the patient should, if possible, be 
laid on his back on a table in a good light. A pillow^ is to be placed under the shoulders 
and the head thrown back and steadied by an assistant. The surgeon standing on the right 
side of his patient makes an incision from an inch and a half to two inches in length in 
the median line of the necjk from the top of the cricoid cartilage. The incision must be 
made exactly in the middle line so as to avoid tJic anterior jugular veins, and after the 
superficial structures have been divided, the interval between the Sterno-hyoid muscles 
must l)e found, the raphe divided, and the musc]e.s drawn apart. Tho lower border of the 
cricoid cartilage must now be felt for, and tho upper part of the trachea exposed from this 
point downwards in the middle line. Bose has recommended that the layer of fascia in 
front of the trachea should be divided transversely at the level of the lower border of the 
cricoid c/utilage, and, having been seized with a jmir of forceps, pressed downwards with 
the handle of the scalpel. By this means the isthmus of the thyroid gland is depressed 
and is saved from all danger of being wounded, an(i the trachea cleanly exposed. The 
trachea is now tran.sfixed wdth a .sliarp hook and drawn forwards in order to steady it, 
and is then opened by inserting the knife into it and dividing the upper two or three rings 
by cutting upwards. If the trachea is to be opened beneath the isthmus, the incision 
must be made from a little below the cricoid cartilage to the to]) of the sterimm. 

In tljc child the trachea is smaller, more deeply placed, and more movable than in 
the adult. In fat or short -necked people, or in those in wliom tho muscles of the neck 
are f)rommontly developed, the fo'achea is more dee])ly placed than in the opposite 
conditions. 

A portion of the larynx or the whole of it may be removed for malignant disease. The 
results which have boon obtained from the removal of tho whole of it have not been very 
satisfactory, and tlic cases in which the operation is justifiable are very few. It may 
bo removed by a median incision through the soft*parts, freeing the cartilages from the 
muscles and other structures in front, separating the larynx from the trachea below, and 
dissecting off the deeper structure fiom below upwards. 

The Pleukas 

Each lung is invested by an exceedingly delicate serous membrane, the 
pleura, which encloses the organ as far as its root, and is then reflected on 
to the pericardium, chest-w all, and Diaphragm. The portion of the serous 
membrane investing the surface of the lung and dipping into the fissures 
between its lobes, is called the visceral layer of the. pleura (pleura pulmonalis) ; 
while that which lines the inner surface of tlie chest and covers the Diaphragm 
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and pericardium, is called the parietal layer of the pleura (pleura parietalis). The 
space between these two layers is called the cavity of the pleura (cavum pleuTaB)^ 
but it must bo borne in mind that in the healthy condition the two layers are 
in contact and that there is no real cavity. When the lung becomes collapsed 
a separation of it from the wall of the chest takes place and a cavity aj)pears. 
Each pleura is a shut sac, one occupying the right, the other the left half of the 
thorax ; and they are perfectly separate from each other. The two pleurae do 
not meet in the middle of the chest, excepting anteriorly opposite the second 
and tliird pieces of the sternum. The space left between them contains all 
the thoracic vis(*cra excepting the lungs, and is named the mediastinum. 

Different portions of the parietal pleura liave rcHjeived special names which 
indicate their position : thus, that portion w'liich lines tlie inner surfaces of the 
ribs and Intercostal muscles is tlie costal pleura (pleura costalis) ; that which 

Flu. 889, — Front view of chest, showing relations of ])lourft'- and lungs to the chest- wall: 
The blue lines indicate the lines of the reflection of the pleurae ; the rod, the outlines of 
the lungs and their fissures. 
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coats the convex surface of the Diaphragm is tlie diaphragmatic pleura (pleura 
diaphragmatica) ; that w Inch rises into the neck, over the summit of the lung, 
is tlie cervical pleura (cupula pleurae) ; and that w Inch is applied to the adjacent 
structures in the mediastinum is the 7nediastinal pleura (pleura mediastinalis). 

Reflections of the pleura (figs. 889, 890).— Commencing at the sternum, 
the pleura passes outwards, lines the costal cartilages, the inner surfoces of 
the ribs and Intercostal muscles, and at the back part of the thorax passes 
over the gangliated cord of the sympathetic and its branches, and is reflected 
upon the sides of the bodies of the vertebrae wdiere it is separated by a narrow 
interval, the posterior mediastinum (cavum mediastinale posterius), from the 
opposite pleura. Prom the vertebral column the pleura passes to the side of 
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the pericardium, which it covers to a slight extent ; it then covers the back 
part of the root of the lung, from the lower border of which a triangular sheet 
descends vertically by the side of the posterior mediastinum to the Diaphragm. 
This slieet is the posterior layer of a wide fold, known as the broad ligament 
of the lung {UgameMtum pulrnonale or ligamcntum latum jmlmonis). From the 
posterior aspect of the lung root, the pleura may be traced over the convex 
surface of the lung, the summit and base, and also over the sides of the fissures 
between the lobes, on to its inner surface and the front part of its root ; it is 
continued from the lower margin of the root as the anterior layer of the broad 

ligament, and from this it is 
Fro. 890. — ^Lateral view of chest, showing relations reflected on to the pericardium, 
of right pleura and lung to the cliest-wall. and from it to the back of the 
The blue line indicates the line of pleural sternum. Below, it covers tlie 
Inflection ; the red lines, the outline of the upper-surface of th(^ Diaphragm, 
lung and it8l.8su.m extends, in front, as low 

Siihclnvian arferij as tlic costal cartihage of the 

seventh rib ; at the side of the 
chest, to the lower border of 
the tentli rib on the left side 
and to the upper border of the 
same rib on the right side ; and 
behind, it reaches as low as 
the twelfth rib, and sometimes 
(iveii as low' as the transverse 
process of the first lumbar ver- 
tebra. Above, its apex projects, 
through the superior opening of 
the tliorax into the neck, ex- 
t(‘nding from one to two inches 
above the anterior extremity of 
the first rib ; this portion of the 
sac is str(}ngthened by a dome- 
like expansion of fascia (Sib- 
son\^ fnacin), attached in front 
to the inner border of the first 
rib, and behind to the anterior 
border of the transverse process 
of the seventh cervical vertebra. 
This is covered and strength- 
ened by a few^ spreading mus- 
cular fibres deiived from the 
Scaleiii. 

In the front of the chest, 
W'herc the parietal layer of the 
})leura is reflected backw ards to 
the ])ericardium, the two pleural 
sacs arc in contact for a short 
distance. At the upper part of 
the chest, behind the manu- 
brium, they are not in contact ; 
the point of reflection being re- 
presented by a lino draw'n from 
the sterno-clavicular articula- 
tion to the mid-point of the junction of the manubrium with the body 
of the sternum. From this point the iw'o pleurae descend in close contact 
to the? level of the fourth costal cartilages, and the line of reflection on the 
right side is continued downwards in nearly a straight line to the low'cr 
end of the gladiolus, and then turns outwards, while on the left side 
the line of reflection diverges outwards and is continued downwards, close 
to the left border of the sternum, as far as the sixth costal cartilage. The 
inferior limit of the pleura* is on a considerably lower level than the corres- 
pondipg limit of the lung, but does not extend to the attachment of the 
Diaphragm, so that below" the line of reflection of the pleura from the chest- 
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wall on to the Diaphragm the latter is in direct contact w ith the rib cartilages 
and the Internal intercostal muscles. Moreover, in ordinary inspiration the 
thin margin of the base of the lung does not extend as low as the line of the 
pleural reflection, witli the result that the costal and diaphragmatic pleurae 
are here in contact, the narrow slit between the tw^o being termed the sinus 
phrenicocostalis. A similar condition exists behind the sternum and rib 
cartilages, where the anterior thin margin of the lung falls short of the line 
of pleural reflection, and where the slit-like cavity betw een the tw'O layers of 
pleura forms what is sometimes called the simis costomediasiinalis. 

The line along w'hich the right pleura is reflected from the chest-wall to the 
Diaphragm starts in front, immediately below the seventh eoslo-sternal joint, 
and runs downwards and backwards behind the seventh costal cartilage so as 
to cross the tenth rib in tlio mid-axillary line, from which it is prolonged to 
the tw elfth dorsal spine. The reflection of the left pleura follow s at first the 
ascending part of the sixth costal cartilage, and in the rest of its course is 
slightly lower than that of the riglit side. 

The free surface of the pleura is smootli, polished, and moistened by a 
serous fluid ; its attached surface is intimately adherent to the surface of the 
lung, and to tlie pulmonary vessels as they emerge fiom the peric.ardium ; it 
is also adherent to the upper surface of the Diaphragm : throughout the rest 
of its extent it may bo separated from the adjacent parts w ith extreme facility. 

The right phujral sa(j is shorter, wider, and reaches higher in the neck than 
the left. 

Ldgamentum latum pulmonis. — From the above description it will [be 
seen that tlie root of tljc lung is covered in front and behind by pleura, and 
that at its low^er border ilie investing layers come into contact. Hgre they 
form a sort of mesenteric fold, th(', ligamentum latum pulmonis (lig. pulmonale), 
wdiich extends as far as tlu^ Diaphragm between the pt^ricardium and the 
lowT^r part of the inner surfaces of the lung, having a free falciform border below, 
between the lung and the DiaphVagm. It serves to retain the lower part of 
the lung in position. 

VesBels and Nerves. — The arteries of the pleura are derived from the intercostal, 
internal mammary, musculo- phrenic, thymic, pericardiac, and bronchial vessels. The 
veins correspond to the arteries. The Igrnphalies arc described on page 793. The nerves 
are derived from the phrenic and sympathetic (Luschka). Kolliker states that nerves 
accompany the ramifications of the bronchial arteries in the pleura pulmonalis. 

Applied AnaUmy. — Acute infiammation of the pleura, or pleurisy^ may bo either dry 
or wet, and, if wet, either serous or purulent. Dry pleurisy is common in imeumonia, and 
is often an early manifestation of tuberculosis. It gives rise to much pain, and to friction 
sounds due to the scraping to and fro over one another of the inflamed and roughened 
parietal and visceral pleune. Wei pleurisy occurs if the inflammation causes the eflusion 
of scrum into the pleural cavity. The tw'o pleural layers are now separated by the fluid 
effusion, so the friction sounds are no longer produced. Room is found for the fluid by 
shrinkage of the supernatant lung duo to the retraction of its elastic tissue, and later, 
when the quantity of serum exceeds about three pints, by shifting over of the heart and 
unaffected lung towards the sound side. This shifting may be so extensive that the apex 
beat of the heart comes to lie under the right nipple. Any pleural eflusion that is large 
enough to embarrass respiration seriously, or has remained unabsorbed for two or three 
weeks, should bo removed by tapping (paracentesis thoracis). The trocar is pushed 
through the chest-w^fll into the fluid, in the sixth or seventh intercostal space in the 
mid- axillary line, or in the eighth or ninth space just outside the angle of the scapula. 
Aspiration is then performed, and as much fluid as possible drawn off : it must be stopped, 
however, if the patient shows signs of collapse, or if fits of coughing occur and threaten 
to wound the expanding lung against the sharj) end of the trocar. Non-inflammatory 
or passive effusion into the pleura, called hydrothorax, is often seen in the later steges 
of chronic renal or cardiac disease, and demands treatment on lines similar to the above. 

Purulent pleural effusion, or empyema, often occurs after such diseases as pneumonia 
or measles. This condition requires drainage of the cavity, which usually necessitates 
eitcision of a portion of a rib. An incision is made down to the seventh or eighth rib in the 
mid- or posterior axillary line and the periosteum is incised, and separated from the shaft 
of the rib, carrying with it the structures in the subcostal groove. With bone-cutting 
forceps about one and a half or two inches of the rib are separated and removed, and the 
underlying pleura is incised. The pus having been evacuated, a large drainage tube 
is inserted into the cavity. The pleura should never be irrigate, os sudden death has 
followed this proceeding, and great care should be taken to prevent the tube from 
slipping into the cavity, an occurrence which is far from uncommon. 
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Pneumothoraxy or the presence of gas in the pleural cavity, is a common terminal 
event in tuberculosis of the lungs ; less often it is due to trauma — ruptui‘e of the lung, for 
example, when the chest is crushed, or tearing of the lung tissue by the sharp projecting end 
of a broken rib. Air escapes from the lung into the pleural cavity ; the elastic tissue of the 
lung at once contracts, and finally that organ shrinks away to a dark rounded mass the 
size of a fist, lying close against the vertebral column. The symptoms of pneumothorax 
are often very severe ; cyanosis, intense dyspnma, great pain on the affected side, and 
cardiac failure. Their severity is increased by the fact that the blood-vessels of the collapsed 
lung offer less resistance to the circulation of the blood than do those of the other lung. 
Not only, therefore, does the sound lung suddenly litive to take over the work — the aeration 
of the blood — normally performed by both lungs, but it has to do so at the moment when 
the circulation of blood through it is partially short-circuited by the collapsed lung. If the 
patient survives for a few days, empyema often complicates the pneumothorax, setting 
up the condition called pyojfmeumotliorax. 

In operations upon the kidney, it must be borne in mind that the pleura usually 
extends below the level of the inner portion of the last rib, and may therefore be opened 
in these operations, especially when the last rib is removed in order to give more room. 

The Mediastinum 

The mediastinum is the sj)aec left in and near the median line of the chest 
by the non-aj)position of the two pleurae. It extends from the sternum in front 
to the vertebral column behind, and contains all the thoracic viscera excepting 
the lungs. The mediastinum may be divided for purposes of description into 
two parts : an upper })ortion, above the upper level of the pericardium, which 
is named the superior mediastinum (Struthers) ; and a lower portion, below 
the upi)er level of the pericardium. This lower portion is again subdivided 

i 

Fig. 891. — A transverse section of the thorax, showing the relative position of the 
viscera, and the reflections of the pleurae. 
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into three parts, viz. that which is in front of the pericardium, the anterior 
mediastinum ; that which contains the pericardium and its contents, the 
middle mediastinum ; and that whicli is behind the pericardium, the posterior 
mediastinum (iig. 891). 

The superior mediastinum (fig. 892) is that portion of the interpleural 
space which lies between the manubrium sterni in front and the upper thoracic 
vertebrae behind. It is bounded below by a plane passing backwards from the 


THE PLEURAE 


1079 


junction of the manubrium and gladiolus stcrni to the lower part of the 
body of the fourth thoracic vertebra, and laterally by the pleurw. It contains 
the origins of the Sterno-hyoid and Stcrno-tliyibid muscles and the lower ends ^ 
of the Longiltsicolli muscles ; the arch of ASe a^a ; tlie innominate*artery and f 
the thoracic ^^t^ns of the left common car(!rtid and the subttavian arteries ; ; 
the innominatoi^eins and the upper half of the superior Vena cava; tlie left ■ 
superior intercofifesTvein ; thepneumWastrie, cardfa^^j^rcViic, and left rcctrfrent j 
laryngeal nerves ; the trafefiea, cesopHagus, and thoracic duct ; the remains oi ' 
the thymulfgland, and some lymphittic glands. 

The anterior mediastinum is bounded in front by the sternum, laterally 
by the phmra), and behind by the pericardium. It is naiTOw above, but 
wddens out a little below, and, owing to the oblique course taken by the left 
pleura, it is directed from above dowmw'ards and to the left. Its anterior w all 
is formed by the left Triangularis aterni musede and tlie fifth, sixth, and seventh 
left costal cartilages. It contains a quantity of loose aT*edfcCr tissue, some 


Fig. 892. — Transverse aecjtion through the upper margin of the second 
thoracic vertebra. (Uraune.) 
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lymphatic ^ssels wdiich ascend from the convex surface of the liver, two or 
three lymphatic 'glands (anterior mediastinal glands), and the small mediastinal 
branchesuorthe internal mammary artery. 

The middle mediastinum is the broadest part of the interpleural space. ' 
It contains the hearfc^icloscd in the pericardium, the ascending '^Cbrta, the t 
lower half of the superior vetfa cava with the vena aWgos major opening into ^ 
it, the bifurcation Vrf the trachea and the t^ bronteni, the pulmonaryVtftery 
dividing injo its tw^o Hjfanches, tlm righV^nd lef^-ptflinonary veins, the> 
phrenic nfefves, and some bronchialHymphatic glands. 

The posterior mediastinum (fig. 893) is an irregular triangular space 
running parallel with the vertebral column ; it is bounded in front by the 
pericardium above, and by the posterior surface of the Diaphragm below, 
behind by the vertebral column from the lower border of the fourth to the 
tw’^elfth thoracic vertebra, and on either side by the pleura. It contains the / 
desceiuiing thoracic aorta, the vendr^ azygos majoV^d minpV, the pneumo- 
gastfic and mplanchnic\/ferves, the oesophiCgus, the thoracic duct, and some 
lymphatic ^nds. 


3 

J 
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Applied Anatomy, — Primary timoiiirs of tihe mediastinum are usually^ lympbma or 
lymphosarooma arising from the thymus or from the bronchial or postenor mediastinal 
lymph-glands ; sarcomata, dermoid cysts, and embryomata, occur more rarely. These 
tumours give rise to pain, deformity of the chest, and symptoms of pressure on the 
various nerves, blood-vessels, air-passages, lymphatics, and on the msophagus, as these 
various structures pass through the thorax. They may produce physical signs very much 
like those of an aortic aneurysm, so that diagnosis between the two is often difficult. The 


Fig 893. — ^The posterior mediastinum. 



prognosis is bad, life usually ending within a few months or a year of the onset of the 
symptoms. 

Inflammation of the mediastinum due to wounds, or to the spread of inflammation 
from adjacent parts (e.g. the oesophagus, the pericardium) is sometimes acute, leading 
to abscess-formation. A more chronic form associated with adhesions and inflammation 
of the pericardium — ^the so-called chronic adhesive mediastino-pericarditis — gives rise to 
obscure symptoms suggesting gradual heart-failure, and leads to death slowly but surely. 
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Thb Lungs 

The lungs (pulmones) are the essential organs of respiration ; they are 
two in number, placed one on either side of the chest, and separated from each 
other by the heart and other contents of the mediastinum. Each lung is 
c onical in shape, and presents for examination an apex, a base, two borders, 
and two surfaces. 

The apex (apex pulmonis) is rounded, and extends into the root of the 
iieck, reaching from an inch to an inch and a half above the level of the anterior 
end of the first rib. A fuirow produced by the subclavian artery as it curves 
outwards in front of the pleura runs upwards and outwards immediately 
below the apev. 

The base (basis pulmonis) is broad, (*oiicave, and rests upon the convex 
surface ot th(‘ Diaphragm which separates the liglit lung from the right lobe 
of tJie livei, and the left lung fiom the left lobe of the liver, the stomach, and 
spleen. Since the Diaphragm extends highei on the right than on the left 
side, it follows that the concavity on the base of the right lung is ch^ejicr than 
that on the left. Laterally and behind, the base is bounded by a thin, sharp 
maigin which piojects foj some distance into the phienico-costal sinus of the 
pleura, between Uu' lowei ribs and tli costal attachment of the Diaphragm. 
The base of the lung descends during inspiration and ascends during expiration ; 
its iclation to the chest wall is indicated in figs. 889 and 890. 

Tlie (xUrnal or co,slal surface (fetches (‘ostalis) is smooth, convex, of con- 
sidc^rable extent, and corresponds to tin* foim of the cavity of the ch(‘st, bedng 
deeper behind tlian in fiont. It is in contact with the costal pleura, and 
presents in a hardened sjiccimen sliglit grooves cc)i responding with tJie over- 
lying ribs. 

The inH(r or w((iia,siinaJ f^urfav< (tacics mediastmalis) is in eontact with 
that portion of the pleuia winch forms the lateral boundary of the mc^diastmal 
space. It presents a deep concavity which accominodat(‘s*the iieiicaidial sac ; 
this is larg(‘r and deepen on the left tiian on the right lung, on account of the heart 


Fi(« 894. — Mcdidstinal surface of light lung. 
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projecting farther to the left than to the right side of the mesial plane. Above 
and behind this concavity is a triangular depression named the hilus (liilus 
pulmonis), where the structures which form the root of the lung enten and 
leave the viscus. These structures are invested by pleural membrane, 
which, below the hilus, forma the ligamentum latum pulmonis. On the 
right lung (fig. 894), immediately above the hilus, is an arched furrow which 
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accommodates the vena azygos major ; while running upw^ards, and then arching 
outwards some little distance below the apex, is a wide groove for the superior 
vena cava and right innominate vein, and behind this, nearer the apex, is a 
second furrow for the innominate artery. Along the back part of the inner 
surface is a vertical groove for the cesopliagus ; this groove becomes less 
distinct below, owing to the inclination of the lower part of the oesophagus 
to tlic left of the middle line. In front and to the right of the lower part of 
the oesophageal groove ^the inner surface is applied to the pleural covering of the 
rigiit and posterior aspecjts of the thoracic part of the inferior vena cava — this 

Pjo. 895. — Mediastinal surface of left lung. 
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vessel being accommodated in a deep concavity. On the left lung (fig. 895), 
immediately above the liilus, is a well-marked curved furrow produced by tin* 
aortic arch, and running ujnvards from this towards the apex is a groove 
accjommodating the left subclavian artery ; a slight impression in front of tlie 
latter and close to the margin of the lung lodges the left innominate vein. 
Bcliind the hilus and pericardial depression is a vertical furrow produced by 
the descending thoracic aorta, and in front of tliis, near the base of the lung, the 
lower part of the cesopliagus causes a shallow depression. 

The 'posterior border (margo posterior) is broad and rounded, and is received 
into the deep concavity on either side of the vertebral column. It is much 
longer than the anterior border^ and projects, below, into the upper part of 
the plirenico-costal sinus. 

The anterior border (margo anterior) is thin and sharp,*‘and overlaps the 
front of the pericardium. The anterior border of the right lung is almost 
vertical, and projects into the costo-mediastinal sinus of the pleura ; that of 
the left presents, below', an angular notch, the incisura cardiaca, in which the 
pericardium is exposed. Opposite this notch the anterior margin of the left 
lung is situated some little distance to the outer side of the line of reflection 
of the corresponding part of tJie pleura. 

Fissure^ and lobes of the lungs. — The left lung is divided into two lobes, 
an upper and a lower, by an oblique fissure , wdiich extends from the outer to the 
inner surface of the lung both above and below the hilus. As seen on the surface, 
this fissure commences on the inner aspect of the lung at the upper and posterior 
part of the hilus, and runs backwards and upw^ards to the posterior border, 
wliich it crosses at a point about two and a half inches below the apex. It 
then extends dowTnvards and forw^ards over the outer surface, and reaches the 
low^er border a little behind its anterior extremity, and its further course can 
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be followed upwards and backwards across the inner surface as far as the lower 
part of the hilus. The upper lobe (lobus superior) lies above and in front of this 
fissure, and includes the apex, the antcudor border, and a considerable part of 
the outer surface and the greater part of the inner surface of the lung. The 
lower lobe (lobus inferior), the larger of the two, is situated below and behind 
the fissure, and comprises almost the whole of the base, a large portion of the 
outer surface, and the greater part of the posterior border. 

The right lung is divided into tlirec lobes, upper, middle, and lower, by an 
oblique and a horizontal fissure. The oblique Jissurc separates the lower from 
the middle and upper lobes, and corresponds closely with the fissure in the 
left lung. Its direction is, however, more vertical, and it cuts the low'er 
border about three incihes behind its anterior extremity. The horizontal fissure 
separates the upper from the middle lobe. It begins in tlic oblique fissure 
near the posterior border of the lung, and, running horizontally forwards, cuts 


Fro. 890. — Front view of heart and lungs. 



the anterior border on a level with the sternal end of the fourth costal cartilage : 
on the inner surface it may be traced backwards to the hilus. The middle 
lobe (lobus medius), the smallest of the lobes of the right lung, lies between the 
horizontal fissure and the lowcir part of the oblique fissure ; it is wedge-shaped, 
and includes the low er part of the anterior border and the anterior part of the 
base of tlie lung^^^"^ 

The riahi lung is the larger and heavier : it is broader tlia 


tp the iiicllnatlOTt (St thC’hcSart tcT Uie ISK side ; it is^alioTshortef by an nICIi, m 
corisequchee ol LUe iJiaphragni risIngTugTierl)^^ tlic n ^Yi side to accommodate 
the liver. 

The root of the lung (radix pulmonis). — A little above the middle of the 
inner surface of each lung, and nearer its posterior than its anterior bordcu*, is 
its root, by which the lung is connected to the heart *and the trachea. The 
root is formed by the bronchus, the pulmonary arteiy, the pulmonary veins, 
the bronchial arteries and veins, the pulmonary plexuses of nerves, lymphatics, 
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bronchial glands, and areolar tissue, all of which are enclosed by a reflection 
of the pleui*a. The root of the right king lies behind the superior vena cava 
and part of the right auricle, and below the vena azygos major. That of the 
left lung passes beneath the arch of the aorta and in front of the descending 
aorta ; l^e phrenj c nerveT with its accompanying a rtery »pd f hft 

anterior"pilttri0nary plexus/ each jjiind jb| ^‘p anST 

posterior piirmoTiftfy jJexus behindne^^L^jS ^^ each is tE^igariienlirmTal 

^^T^^ief structures composing the root of each lung are arranged in a 
similar manner from before backwards on both sides, viz. the upper of the 
two pulmonary veins in front ; the pulmonary artery in the middle ; and the 
bronchus, together with the bronchial vessels, behind. From above down- 
wards, on the two sides, their arrangement differs, tlius : 

On the right side their position is — eparttiiial bronchus, pulmonary artery, 
hyparterial bronchus, pulmonar}^ veins ; but on the left side their position 
is — pulmonary artery, bronchus, pulmonary veins. The lower of the two 
pulmonary veins is situated below the bronchus at the apex or lowest part 
of the hilus. 

Divisions of the bronchi. — Just as the lungs differ from each other 
in the number of their lobes, so the bronchi differ in their mode of 
subdivision. 

Tlie right brormlius gives off, about an inch from the bifurcation of the 
trachea, a branch for tlie upper lobe. This branch arises above tlio level of 
the pulmonary artery, and is therefore named the eparterial hronchua. All the 
other divisions of the main stem come off below the pulmonary artery, and 
consequepfiy are termed hyparterial bronchi. The first of these is distributed 
to the middle lobe, and the main tube*, then passes downwards and backwards 
into the lower lobe, giving off in its course a series of large ventral and small 
dorsal branches. The ventral and dorsal branches arise alternately, and are 
usually eight in number— four of each kindj^, The branch to the middle lobe 
is regarded as the first of the ventral series. 

The left bronoiius passes below the level of the pulmonary artery before 
it divides, and hence all its branches are hyparterial ; it therefore be looked 
upon as equivalent to that portion of. the right bronchus which lies on the 
distal side of its eparterial branch. The first branch of the left bronchus 
arises about two inches from the bifurcation of the trachea, and is distributed 
to the upper lobe. The main stem then enters the lower lobe, wdici’e it 
divides into ventral and dorsal branches similar to those in the right lung. 
The branch to the upper lobe of the left lung is regarded as the first of the 
ventral series. 

Aeby legarded the absence of a left eparterial bronchus as indicating the 
absence of the corresponding lobe of the lung, and considered the middle lobe 
of the right lung the homologue of the upper lobe of the l^ft. His conclusions, 
however, are not universally accepted. 

The weight of both lungs together is about forty-tw o ounces, the right lung 
being two ounces heavier than the left ; but much variation is met with 
according to the amount of blood or serous fluid they may contain. The lungs 
are heavier in the male than in the female, their proportion to the body being, 
in the former, as 1 to 37, in the latter as 1 to 43. 

The colour of the lungs at birth is a pinkish-white ; in adult life it is a dark 
slaty-grey, mottled in patches ; and as age advances, this mottling assumes 
a black colour. The colouring matter consists of granules of a carbonaceous 
substance deposited in the areolar tissue near the surface of the organ. It 
increases in quantity as age advances, and is more abundant in males than 
in females. The posterior border of the lung is usually darker than the 
anterior. 

The surface of the lung is smooth, shining, and marked out into numerous 
polyhedral areas, indicating the lobules of the organ : each of these areas is 
crossed by numerous lighter lines. 

The substance of the lung is of a light, porous, spongy texture ; it floats 
in water, and crepitates when handled, owning to the presence of air in the 
air-sacs; it is also highly elastic; hence the retracted state of these organs 
when they arc removed from the closed cavity of the thorax. 
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structure. — Tbe.lui^^s are composed of an aYit.arnuJ> , seroufl..OfW>t, a.aub 8 ecp^i ]3 ,.i]u;:eQjAr 
tiaattft) and the pulmonary aubatance or pareuchyma. 

The sj^ijsaiSLGoat is the visceral layer of the pleura ; it is thin, transparent, and invests 
the entire organ as far as the root. 


Fig. 897. — Section of lung tissue. 


'KpHheliun, 



^he iMit^ierou€ areolar tut»ae contains a large proportion of elastic fibres ; it invests the 
ctilirc surface of the lung, and extends inwiuds between the lobules. 

Tlio pamtuiliyina is composed of lobules which, although closely connected together 
by an interlobular areolar tissue, are quite distinct from one anotlier, and may be teased 
asunder without much difliculty in the fmtus. Tho-lobules vary in size : those ouk the 


Fig. 898. — Section of a i>ortion of an atelectic lung of kitten. 



are fa 'ge , of pyra midal form, the base turned towards the surface ; those in the 
interipijyaaoll^^* various forms. EaohJohulo is composed of one of the ramifications 

( ^"bro nchial tube and its terminal air-cella, and of the ramifications n£ the pulmonary and 
^yii^hatiqs, anduei'ves ; all of these structures being connected together 

by areolar tissue. 
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The pijjUW'^k^Ajnches of the bronchus, upon entering the substance of the lung, divide 
and subdivide into smaller tubes throughout the entire organ. Each of the smaller sub- 
divisions of the bronchus enters a pulmonary lobule, and is termed an iniraloMar hrcmchm^ 
This gives off collateral branches and Ihen bifurcates about the centre of the lobule ; 
these bifurcations divide at right angles to the previous plane of division and the process is 
repeated until a large number of ultimate bronchi {bronchioles) are formed. Each bropobioJ© 
now becomes enlarged, and is termed the atrium or alveolar passage ; from it are given off, 
on all sides, r n^ificationa . called injundihnla, which are clpyglxJl>!^?ct in all directions by ^ 

Changes in the structure of the bronchi in the lungs. — In the lobes of the lungs the 
following changes take place. The cartilages are not segments of rings, but consist of small 
oval or angular patches scattered irregularly along the sides of the tube, being most 
distinct at the points of division of the bronchi ; as the bronchi approach their termina- 
tions the cartilages disappear. The muscular coat {bronchial muscle) is disposed in the 
foim of a (!ontinuous layer of annular fibres, which may be traced upon the smallest 
bronchial tubes, and consists of the unstripod variety of muscular tissue ; at the termination 
of the bronchioles in the atria the muscle forms a definite circular band (Miller). The layers 
of epithelial cells diminish in number and in the terminal bronchioles only a single layer of 
non-ciliatod flattened cells exists. 

The air-siics arc small j)olyhodral recessc.s, composed of a basement membrane sur- 
rounded by a few involuntary mu.scular and elastic fibres, and lined by flattened squamous 
epithelium, with sinuou.s outlines ; between these cells are seen small oval granular cells. 

Vessels and Nerves.— The pulmmary artery conveys the venous blood to the lungs ; 
it divides into branches \\hich accompany the bronchial tubes and terminate in a dense 
capillary network upon the walls of the air-sacs. In the lung, the branches of the pulmonary 
artery are usually above and in front of a bronchial tube, the vein below. 

The pulmonary capillaries form plexuses which lie immediately beneath the mucous 
membrane, in the walls and septa of the air-sacs, and of the infundibula. In the septa 
between the air-sacs the capillary network forms a single layer. The capillaries form a 
very minute network, the meshes of which arc smaller than the vessels themselves ; their 
walls are also exceedingly thin. The arteries of neighbouring lobules are independent 
of each other, but the veins freely anastomose. 

The qmlmonary veins commence in the pulmonary capillaries, the radicles coalescing 
into larger branches which run through the substance of the lung, indej)endently of the 
minute arterie^s and bronchi. After freely communicating with other branches they form 
large vessels, which ultimately come into relation with the arteries and bronchial tubes, and 
accompany them to the liilus of the organ. Finally they oi)en into the left auricle of the 
heart, conveying oxygenated blood to be distributed to all parts of the body by the aorta. 

The bronchial arteries supply blood for the nutrition of the lung ; they are derived 
from the thoracic aorta or from the ujijjer aortic intercostal arteries, and, accompanying 
the bronchial tubes, arc distributed to the bronchial glands, and upon the walls of the larger 
bronchial tubes and pulmonary vessels. Those sujjplying the bronchial tubes form a 
capillary plexus in the muscular coat, from w hich branches arc given off to form a second 
])iexus in the mucous coat. This plexus communicates with branches of the pulmonary 
artery, and empties itself into the pulmonary veins. Others are distributed in the inter- 
lobular areolar tissue, and terminate jiartly in the deep, partly in the superficial, bronchial 
veins. Lastly, some ramify upon tlie surface of the lung, beneath the pleura, where they 
form a capillary network. 

The bronchial vein is formed at the root of the lung, receiving superficial and deep 
veins corresponding to branches of the bronchial artery. It does not, however, receive 
all the blood supplied by the artery, as some of it })asses into the jujlmonary veins. It 
terminates on the right side in the vena azygos major, and on the loft side in the superior 
intercostal or vena azygos minor sup^irior. 

The lymphatics are described on page 792. 

Nerves, — The lungs are supplied from the anterior and posterior pulmonary plexuses, 
formed chiefly by branches from the sympathetic and pneumogastric. The filaments 
from these plexuses accompany the bronchial tubes, upon which they are lost. Small 
ganglia are found upon these ncr\^es. 

Surface Form, — The a])ex of the lung is situated in the neck, behind the interval between 
the two heads of origin of the 8terno-mastoid. The height to which it rises above the 
clavicle varies very considerably, but is generally about an inch. It may, liowever, 
extend as much as an inch and a half or an inch and three-quarters, or, on the other hand, 
it may scarcely project, above the level of this hone. In order to mark out the anterior 
margin of the lung, a line is to be drawn from the apex point, an inch above the level 
of the clavicle, and rather nearer the posterior than the anterior border of the Sterno- 
mastoid muscle, downwards and inw'ards acro.ss the sterno-clavicular articulation and 
manubrium sterni until it meets, or almost meets, its fellow of the other side at the 
level of the articulation ‘of the manubrium and gladiolus. From this point the two 
lines are to be drawn downwards, rather to the left of the mesial line but close to it, as 
far as the level of the articulation of the fourth costal cartilages with the sternum. From 
here the two lines diverge, the left at first passing outwards with a slight inclination down- 
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wards, and then taking q, bend downwards with a slight inclination outwards to the ^ipex 
of the heart, and thence to the sixth costo-chondral Articulation. The direction of the 
anterior border of this part of the left lung is denoted with sufficient accuracy by a curved 
line, with its convexity directed upwards and outwards from the articulation of the fourth 
right costal cartilage of the sternum to the fifth intercostal space, an inch and a half below, 
and three-quarters of an inch internal to the left nipple. The continuation of the anterior 
border of the right lung is mai’kod by a prolongation of its line from the level of the fourth 
costal cartilages vertically downwards as far as the sixth, when it slopes off along the line 
of the sixth costal cartilage to its articulation with the rib. 

After expiration the lower border of the lung may be marked out by a slightly curved 
line, with its convexity downwards, from the articulation of the sixth costal cartilage with 
its rib to the spinous process of the tenth thoracic vertebra. If vertical lines are drawn 
downwards from the nipple, the mid-axillary line, and the apex of the scapula, while the 
arms are raised from the sides, they should intersect this convex line, the first at the sixth, 
the second at the eighth, and the tliird at the tenth rib. It will thus be seen that the 
pleura extends farther down than the lung, so that it may be wounded, and a wound 
pass through both layers into the Diaphragm, and even injure the abdominal viscera, 
without the lung being involved. 

The posterior border of the lung is indicated by a line drawn from the level of 
the spinous process of the seventh cervical vertebra, down either side of the vertebral 
column, corresponding to the costtj-vortebial joints as low as the spinous process of the 
tenth thoracic vertebra. The trachea bifurcates opposite the spinous pTO(?ess of the fourth 
thoracic vertebra, and from this point th- two bronchi are directed downw'ards and 
outwards. 

The position of the oblicpie fissure in each lung may be indicated by aline drawn from 
the second thoracic spine round the side of the chest to the sixth rib in the nipple line. 
The horizontal fissure in the right lung is indicated by a lino drawn Irom the preceding, 
whore it bise(;ts the mid-axillary line, to the junction of the fourth costal cartilage w'ith 
the sternum. 

Applied Anedomy . — The lungs may be wounded or torn in three wjvys : (0 by com- 
pression of the chest, without any injury to the ribs: (2) by a fractured rib i)enetrating 
the lung ; (3) by stabs, gunshot wounds, &c. 

The first form, where the lung is ruptured by external compression without any fracture 
of the ribs, is very rare, and usually occurs in young children, and affects the root of the 
lung, i.e. the most fixed part, and thus, implicating the great vessels, is frequently fatal. 
It would seem a priori a most unusual injury, and its exact mode of causation is diilicult 
to interpret. 

In the second variety, when the wound in the lung is produced by the penetration of 
a broken rib, both the pleura costalis and })loura pulmonalis must necessarily be injured, 
and consequently the air taken into the w'ounded air-sacs may find its way through these 
woimds into the cellular tissue of the parietes of the chest, producing emphysema. 

This it may do without collecitiiig in the pleural cavity ; the two layers of the pleura are 
so intimately in contact that the air passes straight through from the wounded lung into 
the subcutaneous tissue. Kmphysema constitutes therefore the most important sign of 
injury to the lung in cases of fracture oi the ribs. Pneumothorax, or air in the pleural 
cavity, is much more likely to occur in injuries of the third variety — that is to 
say, from external wounds, from stabs, gunshot injuries, and such like — in which case air 
passes either from the wound of the lung or from the external wound into the (lavity of the 
pleura during the respiratory movements. In these cases there is generally no emphysema 
of the subcutaneous tissue unless the external wound is small and valvular, so that the 
air is di’awn into the wound during inspiration, and then forced into the cellular tissue 
around during expiration because it cannot escape from the external wound. Ocoasionally 
in wounds of the parietes of the chest no air finds ^ts way into the cavity of the pleura, 
because the lung at the time of the accident protrudes tlirough the wound and blocks 
the opening. This Hakes place where the wound is largo, and constitutes one form of 
hernia of the lung. Another form of hernia of the lung occurs, though very rarely, after 
wounds of the chest-wall, when the w^ound has healed and the cicatrix subsequently yields 
from the j)ressure of the viscus behind. It forms a globular, elastic, crepitating swelling, 
which enlarges dui’ing expii-atory efforts, falls in during inspiration, and disappears on 
holding the breath. 

An incision into the lung is occasionally required in cases of abscess the result of pneu- 
monia or the presence of a foreign body, and from an abscess in the liver which has made 
its way through the Diaphragm into the lung substance, and also in cases of hydatid disease. 
In these cases there is always risk of haemorrhage, and it has been recommended that 
the lung tissue should be x)enetrated by the actual cautery, rather than with the knife. 
Unless adhesions have formed between the two layers of the pleura, the pleural cavity 
must necessarily be opened, and there is the further risk of pneumothorax, and possibly of 
septic infection. It is therefore advisable to suture the lung to.the opening in the thoracic 
wall, and wait for adhesions to form before perforating the lung. 

'Fhe routine methods of physical examination — ^inspection, palpation, percussion, and 
auscultation — are nowhere more important than they are in the diagnosis of diseases of 
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tho lungs. It is essential, too, that in every case the two sides of the chest should be com- 
pared with one another, and that^he wide variations that may be met with under normal 
conditions in different persons and at diffei'ent ages should be kept in mind when the chest 
is being examined. On ins'pection tho thorax will be seen to be enlarged and barrel-shaped 
in emphysema, in which the volume of tho lungs is increased by dilatation of their alveoli, 
or in an acute attack of asthma, or when a large pleural effusion or mediastinal tumour is 
present. The chest-wall will be flattened or sunken, on the other hand, over an area of 
lung that has collapsed or become fibrosed, as often happens in chronic pulmonary tuber- 
culosis. The respiratory movements of the cliest-w'all will be lessened, or even absent, over 
a part or the whole of the affected side in such acute disorders as pleurisy, pneumonia, or 
■pleural effusion, or in more clironic disease where the underlying lung is fibrosed, or is 
crushed to one side by a mediastinal tumour ; and by the use of the x-rays a corresponding 
loss of movement or displacement of the Diaplu’agm on the affected side can often be 
observed. Under normal conditions the intercostal spaces are a little depressed ; but 
they may be obliterated or oven bulging on that side wlicn a large effusion or new growth 
fills up one of tho pleural (javil ies. 

On iHilpation the hand can be usesl to verify the eye’s impressions as to the degree of 
movement on resf)iration of any part of the chest-w'all. The facility ^vith which tho vibra- 
tions produced by tho voice ai’c conducted from the larynx by the underlying lung to tho 
hand (in the form of vocal fremitus) can also Imj tested. The vocal fremitus is commonly 
much increased over the consolidated area in ]meiimonia or in fibrosis of the lung, and 
much diminished over a ])leural effusion when the lung is pushed up l)y the fluid towards the 
top of the pleural cavity. It is also diminished, but to a less extent, in emphysema, and 
in bronchitis when the bron<;hi are blo<;ked >)y secretion. In bronchitis tho bubbling of 
the secretion in the tubes can often be felt by a hand placed on the chest- wall as the })atient 
breathes; and in chronic ydeurisy the friction of the two roughened pleural surfaces against 
one another can sometimes be felt in tho same w’ay. 

On permission, the normal resonance of the ]nilmonary tissue is found to be increased 
in emphysema, and in pneumothorax (page 1078) this hyper- resonance may be still further 
increased. The resonance is lessened in any condition causing collapse or solidification 
of the lung-tissue, or when its plac>e is taken >)y fluid (pleural effusion) or some solid growth 
(mediastinal tumour). Thus duUioss on percussion at the bases of the lungs is (;ommon 
in the hypostatic congestion of the bases seen in heart-failure ; dulness at tho right base 
is often due to comjircssion of the lung by enlargement of the live?* ; some dulness at the 
apex of a lung is frequently mot with in tuberculosis of that part, before the disetisc has 
progressed very far. (^omj)lcto dulness over one side of the chest, back and front alike, 
ex(;ept at the apex, is common when a large pleural effusion has taken tho lung's jilaco. 
Von Koninyi, Clrocco, and others, have draw'n attention to a t liangiilar ))atch of dulness 
along the vertebral column (the paravcj'tebral triangle of dulness) on the unaffected side 
in j)leural effusion ; this triangle of dulness is said to be absent in other conditions causing 
loss of [mlinonary resonance on percussion, and is duo to shifting over of the contents of the 
posterior mediastinum towards the sound side. The apex of this triangle is in tho middle 
line at the u])]:»er level of the fluid effusion ; its base, some tAvo to four inches in length, 
runs horizontally outwards from tho middle line at the level where the jmlmonary resonance 
normally comes to an end. 

On auscuUatum of the lungs, l)oth in health and disease, the variety of sounds to be 
heaixl is very great. It is impossible to give adequate consideration to them here, and for 
further information reference should be made to the text->>ook8 dealing with the subject.* 


OEGANS OF DIGESTION 

The apparatus for the digestion of the food (apparatus digestorius) consists 
of the alimentary canal and of certain accessory organs. 

The alimentary canal is a musculo-membranous tube, about thirty feet 
in Icngtii, extending from the mouth to the anus, and lined throughout its 
entin^ extent by mucous membrane. It has received different names in the 
various parts of its course : at its eoinraencemont is the mouth, where provision 
is made for the mechanical division of the food (mastication), and for its admix- 
ture with a fluid secreted by the salivary glands (insalivation) ; beyond this 
are the organs of deglutition, the pharynx and the (esophagus, which convsy 
the food into the stomach in which the principal chemical changes occur, and 
in which the reduction and solution of the food take place ; the stomach is 
followed by the small intestine, wliich is divided for purposes of description 
into three parts, the duodemm, tho jejunum, and ileum, and in which the 

* See especially Amcultation and Pernmimn, by Samuel Gee. Edit. 6, 1906. Smith, 
Elder & Co. 
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nutritive principles of the food are separated and absorbed ; finally the small 
intestine terminates in the large intesihie, which is made up of cwcum, colcn^ 
fectuniy and amil canwl, the last terminating on the surface of the body at the 
anns. The accessory organs are the teeth, for purposes of mast icjat ion ; the 
three pairs of salivary glands — the parotid, suhmaocillary, and svbtingual — the 
secretion from wliich mixes with the food in tlie nioiitii and converts it into a 
bolus and acts chemically on one of its constituents ; tlie liver and pancreas, 
two large glands in the abdom(‘n, the secretions of which, in addition to that 
of numerous minute glands in tin*, walls of the alimentary canal, assist in the 
process of digestion. 

Alimentary Canal 


Moutli. 

Pharynx. 

Oesophagus. 

Stomach. 


Small intestine 


Large intestine ■{ 


Duodenum. 

Jejunum. 

Ileum. 

Caecum. 

Colon. 

R(H;tum. 

Anal canal. 


Accessory Organs 

Teeth. 

/ Parotid. 

Salivaiy glands j Submaxillary. 

' Sublingual. 


Liver. 

Pancreas. 


The Mouth 

The mouth (cavum oris) is placed at the coinmeiujement of the alimentary 
canal (tig. 899) ; it is a ncaiiy oval-shaped (*avily, in which the mastication of 
the food takes place. It consists of two ])arts : an outer, smaller portion, the 
vestibule (vestibulum oris), and an inner, larger part, the cavity proper of the 
moiitli (cavum oris ])ropriuni). 

Tile vestibulum oris is a slit-like space, bounded in front and laterally by the 
lips and cheeks ; behind and internally by tJie gums and teeth. It com- 
municat(\s with the surface? of the body by the aperture of the mouth. Above 
and below , it is limited by the reflection of the mucous membrane from the 
lips and cheeks to the gum covering the iii>pcr and lower alveolar arch respec- 
tively. It receives the secretion from the parotid glands, and communu ates, 
when tlie Jaws are clos(*d, with the cavum oris by an aperture on either side 
behind the wisdom teeth, and by narrow ch^fts between opposing teeth. 

The cavum oris proprium is bounded laterally and in front by the alveolar 
arches with tluur contained teedh ; behind, it communicates with the pharynx 
by a constricted aperture tcTiru'd the isthmus faurium. It is roofed in by the 
hard and soft palates, while the greater part of the floor is formed by the 
tongue, the remainder being completc'd by the reflection of the rn'u(;ous 
membrane from the sides and undcu* surface of the tongue to the gum lining the 
inner aspect of the mandible. It receives the secretion from the submaxillary 
and sublingual glands. 

The muems mefnhgane lining the mouth is continuous with the integument at the free 
margin of the lips, and with the mucous lining of the jharynx behind ; it is of a rose-jnnk 
tinge during life, and very thick where it overUes the hard parts bounding the cavity. It is 
covered by stratified epithelium. 

The lips (labia oris) are two fleshy folds w hich surround the orifice of the 
mouth (rima oris), foi med externally of integument and internally of mucous 
membrane, between which are found the Orbicularis oris muscle, the coronary 
vessels, some nerves, areolar tissue, and fat, and numerous small labial glands. 
The inner surface of each lip is connected in the middle line to the gum of the 
corresponding jaw?’ by a fold of mucous membrane, the frenulum — the upper 
being the larger of the two. 

The labial glands are situated between the mucous membrane and the 
Orbicularis oris, round the orifice of the mouth. They ai*e circular in form, and 
about the size of small peas ; their ducts opening by minute orifices upon the 
mucous membrane. In structure they resemble the salivary glands. 

4 A 
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The cheeks (buccae) form the sides of the face, and are continuous in 
front with the lips. They are composed externally of integument ; internally 

Fio. 899. — ^Sagittal section of nose, mouth, pharynx, and larynx. 
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Cricoid cartilage 
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of mucous membrane ; and between the two of a muscular stratum, besides a 
large quantity of fat, areolar tissue, vessels, nerves, and buccal glands. 

The mucous membrane lining the cheek is reflected above and below upon the gums, and 
is continuous behind with the lining membrane of the soft palate. Opposite me second 
molar tooth of the upper jaw is a papilla, the summit of which presents the aperture of the 
duct of the parotid gland. The principal muscle of the cheek is the Buccinator ; but 
numerous other muscles enter into its formation, viz. the Zygomatici, Risorius, and 
Platysma. 

The buccal glands are placed between the mucous membrane and Buccinator muscle : 
they are similar in structure to the labial glands, but smaller. About hve of larger size 
than the rest are placed between the Massoter and Bucoitiator muscles around the distal 
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extremity of Stenson’s duct ; their ducts ox)eQ in the mouth opposite the last molar tooth. 
They are called mdar glands. 

The g^ums (gingivae) are comi) 08 ed of a dense fibrous tissue, closely 
connected to the periosteum of the alveolar processes, and surrounding 
the necks- of the teeth. They arc covered by smooth and vascular mucous 
membrane, wliich is remarkable for its limited sensibility. Around the necks 
of the teeth this membrane presents numerous fine papillae, and is reflected 
into the alveoli, whore it is continuous with the periosteal membrane lining 
these cavities. 

Applied Anatomy . — The gums are occasionally the seat of considerable hypertrophy, 
forming a lobulated vascular fold growing up in front and behind the teeth, so as almost 
to bury them. They may also become swollen and congested, bleeding irooly, and often 
becoming ulcerated. The condition is known as spongy gums, and may occur in scurvy, 
in stomatitis and dyspepsia, in ill-fed tuberculous children, and from the administration of 
mercury; the gums are veiy tender, mastication is painful, and there is often consider- 
able fmtor. The margin of the gum presents an interrupted l)lue line in cases of 
lead -poisoning. The collection of tartar, which consists of the secretion from the gums, 
mixed with fragments of food and salivary salts, may give rise to a condition known as 
pyorrhoea alveidaria, which is an inflammatory condition of the gums, followed by the 
gradual absorption of the alveolus and the* falling out of the tooth. Fibrous tumours 
(epulis), myeloid growths and epitholiomata are met with in the gums. 

The palate (palatum) forms the roof of the mouth : it consists of tw o 
portions, the hard palate in front, the soft ]jalate behind. 

TIui hard palate (i)alatum durum) is bounded in front and at the sides 
by tlie alveolar arches and gums ; beliind, it is continuous with the soft palate. 
It is covered by a dense structure formed by the periosteum and mucous 
membrane of tile mouth, whicli are intimately adherent. Along the middle 
line is a linear ridge or raphe (raj)he palati), wdncli terminates anteriorly 
in a small papilla corresponding wdth the inferior opening of the anterior 
palatine fossa. On eitlier side and in front of the raphe the mucous membrane 
is thick, pale in colour, and corrugated ; beliind, it is thin, smooth, and of a 
deeper colour : it is covered with squamous epithelium, and furnished wuth 
numerous glands (palatal glands), w lih^h lie between the mucous membrane and 
tlic surface of the bone. 

The soft palate (palatum molle) is a movable fold, suspended from the 
posterior border of the hard jialate, and forming an incomjjlete septum 
between tJie mouth and pharynx. It consists of a fold of mucous membrane 
enclosing muscular fibres, an aponeurosis, vessels, nerves, adenoid tissue, and 
mucous glands. When occupying its usual position (i.e. redaxed and pendent) 
its anterior surface is (joncave, continuous with the roof of the mouth, and 
marked by a median ridge or raplio, which indicates its original separation 
into two lateral Jialv^es. Its posterior surface is convex, and (continuous with 
the mu(;ous membrane covering the floor of the nasal fossic. Its upper 
border is attached to the posterior margin of the hard palate, and its sides are 
blended with the pharynx. Its low’er border is free. 

Hanging from the middle of its low^ei; border is a small, conical, 
pendulous process, the uvula (uvula palatina) ; and arching outwards and 
dowmwards from tlfc base of the uvula on either sid(‘, are two curved folds of 
mucous membrane, containing njuscular fibres, called the arches or pillars of 
the soft palate or pillars of the fauces. 

The anterior pillar (arcus glossopalatinus) on either side runs down- 
wards, outw^ards, and forwards to the side of the base of the tongue, and is 
formed by the projection of the Palato-glossus muscle, covered by mucous 
membrane. 

The posterior pillar (arcus pharyngopalatinus) is larger and projects 
farther inwards than the anterior ; it runs downwards, outwards, and 
backwards to the side of the pharynx, and is formed by the projection of the 
Palato-pharyngeus muscle, covered by mucous membrane. The anterior and 
posterior pillars are separated below by a triangular interval, ‘in which the 
tonsil is lodged. • 

The aperture by wliich the mouth communicates with the pharynx is 
called the isthmus faucium. It is bounded, above, by the soft palate ; below, 
" 4a2 
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by the dorsum of the tongue ; and on either side, by the anterior pillar of the 
fauces. 

The aponeurosis of the soft palate is a thin but firm fibrous layer attached 
above to the posterior border of the hard palate, and becoming thinner towards 
the free margin of the soft palate. Laterally, it is continuous, mth the 
pharyngeal aponeurosis. It forms the framework of the soft palate, and is 
joined by the tendons of the Tensor palati muscles. 

The muscles of the soft jxilaie are five on each side : the Levator palati, 
Tensor palati. Azygos uvulae, Palato-glossus, and Palato-pharyngeus (see 
pages 484, 485). Tlie following is the relative position of the structures in a 
dissection of the soft palate from the posterior or pharyngeal to the anterior 
or oral surface. Immediately beneath the mucous membrane is a thin stratum 
of muscular fibres, tlie posterior fasciculus of the Palato-pharyngeus muscle, 
joining with its fellow^ of the opjiosite side in the middle line. Beneath this 
is the Azygos uvulae, consisting of tw’o rounded flesliy fasciculi which are in 
contact with each otlier in the median limi of the soft palate. Next comes 
the aponeurosis of the Levator palati joining with that of the muscle of the 
opposite side in the middle line. Fourthly, is the anterior fasciculus of tlie 
Palato-pharyngeus, thicker than the posterior, and separating the Levator 
palati from the next muscle, the Tensor palati. This muscle terminates in a 
tendon which, after \A'inding round the hamular process, expands into a broad 
aponeurosis in the soft palate, anterior to the otlier muscles wliicli have been 
enumerated. Finally there is a thin muscular stratum, the Palato-glossus 
muscle, placed in front of the aponeurosis of the Tensor palati, and sejiarated 
from the oral mucous membrane by glands and adenoid tissue. 

The miLCous membrane of the soft palate is thin, and covered with squamous ejiitlielium 
on both surhices, exce])ting near the orilice of the Eustachian tube, where it is columnar 
and ciliated.* Beneath the mucous membrane on the oral surface of the soft palate is a 
considerable amount of adenoid tissue. The palatine glands form a continuous layer on 
its posterior surface and round the uvula. 

Vessels and Nerves.— The arteries supplying the palate are the descending palatine 
branch of the internal maxillary, the ascending })alatino branch of the facial, and the 
palatine hrancJi of tJie ascending pliaryiigcaJ. The veins terminate chiefly in the pterygoid 
and tonsillar plexuses. The lymphatic vessels pass to the deep cervical glands. The 
m(^or nerves are chiefly derived from the pharyngeal plexus, tlie Tensor palati, however, 
receiving a special branch from the otic ganglion. The sensory filaments are derived from 
the descending yialatine and naso-palatine nerves and from the glosso-pharyngeal. 

Applied Anatomy. — The occurrence of a congenital cleft in the palate has been already 
referred to as a defect in develojiraoiit (page 285). Ac<]uired perforations of the palate 
are almost invariably the result of the breaking down of syphilitic gumniata. The ensuing 
ulceration may continue until yiractically the whole palate, both liard and ‘soft, has been 
destroyed Tumours of the palate, both innocjent and malignant, are occasionally 
seen. 

Paralysis of the soft palate often occurs after diphtheria. It gives rise to a change in 
the voice, which becomes nasal, and to the regurgitation of lluids dou n the nose when their 
swalloAving is attempted. On inspection, the palate is seen to hang flaccid and motionless 
when phoiiatJon or deglutition are attempted ; it is also anaesthetic. 

The Teeth (Dentes) (figs. 900 to 903) 

^rhe human subject is provided with two sets of teeth, which make their 
appearance at different periods of life. Those of the first set appear in child- ’ 
hood, and arc called the temporary^ deciduous^ or milk teeth. Those of the 
8(^cond set, w hich also appear at an early period, continue until old age, and 
are named permanent. 

The temporary teeth are twenty in number : four incisors, two canines, and 
four molars, in each jaw\ 

The pemawmi teeth are thirty-two in number : four incisors, two canines, 
four bicuspids, and six molars, in each jaw’. 

♦ According to Klciii,«the mucous membrane on the nasal surface of the soft palate in the 
foetus is covered throughout by columnar ciliated epithelium, which subsequently becomes 
squamous; some* anatomists state that it is covered with columnar ciliated epithelium, except 
at its free margin, throughout life. 
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The dental formulae 

may be represented as follows 


mol. 

Temporary Teeth 

(‘uii. ill. 1 in. 

can. 

Upper jaw 

2 

1 2 ! 2 

i 

1 

Lower jaw 

2 

1 2 1 2 

1 


I Total 20 


Upper jaw 
Lower jaw 


luol. 


Permanent Teeth 

t'iui. ill. 1 III. 

(•an. 

bin. 

mol. 

3 

2 

1 2 ' 

2 

1 

2 

q V 

3 

2 


2 

1 

2 

] Total 32 

3 ) 


General characters . — Each tooth consists of three portions : the crown, or 
body ((*orona dentis), projecting above the gum; the root (radix dentis), 
consisting of one or more fangs, entirely concealed within tlie alveolus ; and 
the neck (collum dentis), the constricted portion iK^tween tlie c;rown and root. 

The roots of the teeth are fii inly impl.mted witliin the alveoli ; these depres- 
sions are lined with piuiosteuin which is reflected on to the tooth at the point 
of the fang, and covers it as far as the neck. At the margin of the alveolus, 
the periosUmrn becomes (iontinuous witli tlie fibrous stnuduro of the gums. 


Fia. 900. — Permanent teeth o£ upper jaw, seen from below. 
Formninu of Sletison 



Horisontal plate of palate hone Accessory palcUine canals 

In consequence of the cuiyc of the dental arch, such terms as amterior, 
posterior, internal, and external, as applied to the teeth, are misleading and 
confusing. Special terms are therefore applied to the different surfaces of a 
tooth : that surface which is directed towards the lips or cheek is known 
as the labial surface (facies labialis) ; that which is directed towards the 
tongue is described as the lingual surface (facies lingualis) ; that surface which 
is directed towards the mesial line, supposing the teeth were arranged in a 
straight line outwards from the central incisor, is known as the proxivnm 
surface ; while that which is directed away from the mesial line is called the 
distal surface. 
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The teeth in the maxillae form a larger arch than those in the mandible, 
so that they slightly overlap those of the mandible both in front and at the 
sides in the normal condition. Since the upper central incisors are wider 
than the lower, the other teeth in the upper jaw are thrown somewhat distally, 
and the two sets do not quite correspond to each other when the mouth is 


Fig. 901. — Side views of the teeth and jaws. (Cryer.) 



closed : thus the canine tooth of the u])per jaw rests partly on the canine of 
t he lower jaw and partly on the first 2)remolar, and the cusps of the molar 
tc^eth of the upjier jaw lie behind the corresponding cusps of the molar 
teeth of the lower jaw. The two series, however, terminate at nearly the 
same point behind ; this is mainly because the molars in the upper jaw are 
the smaller. 

Permanent Teeth (Dentes permanentes) 

The incisors, or cutting teeth (dentes incisivi), are so named from their 
presenting a sharp cutting edge, adapted for biting the food. They are eight 
in number, and form the four front teeth in eacli jaw. 

The crown is directed vertically, and is chisel-shaped, being bevelled at 
the expense of its lingual surface, so as to present a sharp horizontal cutting 
edge, which, before being subjected to attrition, jiresents three small prominent 
points separated by two slight notches. It is convex, smooth, and highly 
polished on its labial surface ; concave on its lijigual surface, where, in the 
teeth of the upper jaw, it is frequently marked by a V-shaped eminence, 
situated near the gum, the apex, where the two arms of the eminence meet, 
being directed ujwards. This is known as the basal ridge or cingvlum. The 
neclc is constricted. The fang is long, single, conical, transversely flattened, 
thicker in front than behind, and slightly grooved on either side in the 
longitudinal direction. 

The incisors of the up'per jaw are larger and stronger than those of the 
lower jaw. They are directed obliquely downwards and forwards. The two 
central ones are larger than the two lateral, and their roots are more rounded. 

The incisors of the lower jaw are smaller than those of the upper jaw : the 
two central ones are smaller than the tw^o lateral, and are the smaUest of all 
the incisor teeth. They are placed vertically and are somewhat bevelled in 
front, where they have been worn down by contact with the overlapping edge 
of the upper teeth. The cingulum is absent. 

The canine teeth^ (dentes canini) are four in number, two in the upper, 
and two in the lower '*jaw ; one being placed distally to each lateral incisor. 
They are larger and stronger than the incisors, and their fangs sink 
deeply into the Jaws, and cause well-marked prominences upon the surface. 
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Fia. 902. — ^Permanent teeth of right 
half of mandible seen from almve. 

Incisors 


The crown is largo and conical, very convex on its labial surface, a little 
hollowed and uneven on its lingual Surface, and tapering to a blunted point 
or cusp, which projects beyond the level of the other teeth. The root is single, 
but longer and thicker than that of the 
incisors, conical in form, compress(‘d 
laterally, and marked by a slight groove 
on each side. 

The upper canine teeth (popularly 
(‘ailed eye-teeth) are larger arid longc^r 
tlian the lower, and situated a little 
distally to them. They usually present 
a distinct basal ridges 

The lower canine teeth are placed 
mesially to the U 2 )jier, so that their sum- 
mits correspond to the interval between 
the upi)er canine teeth and the neigh- 
bouring incisors on each side. 

The bicuspid teeth or premolars 
(dentes j)remolares) are eight in number : 
four in each jaw, two being }>laced 
tally tf' eae-h of the canine teeth. They 
are smallej* and shorter than the canines. 

The crown is compressed proximo- 
distally, and surmounted by two ]\yra- 
midal eminences or (;usps. a labial and a 
lingual, separated by a groove : lumce 
their name, hicuspid. Of the two cusps 
the labial is larger and more 2 )rominent 
than the lingual. The neck is oval. The 
root is generally single, com 2 )ressed, and 
presents on either side a deep groove, 
which indicates a tendency in the root to 
become double. Tlic ap(5X is gcuierally 
bifid. 

The upper bicuspids are larger, and 

present a greater tendency to tiie division of th(‘ir roots than the low^er : 
this is especially marked in the first ui)per bicus 2 )id. 



Fig. 903. — Permanent teeth. Right aide. (Rurchard.) 




The molar teeth (dentes molares) are the largest of the permanent set, and 
are adapted from the great breadth of their crowns for*grinding and pounding 
the food. They are tw elve in number : six in each jaw, three being jdaced 
distally to each of the second bicuspids. 
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The crown is nearly cubical in form, convex on its labial and lingual 
surfacevs, flattened on its proximal and distal aspects ; the upper surface is 
surmounted by four or five tubercles, or cusps (four in the upper, five in the 
lower molars), separated from each other by a (crucial depression ; hence the 
molars arc sometimes termed mvUicuspids, The neck is distinct, large, and 
rounded. The root is subdivided into two or three fangs : three in the teeth 
of the upper jaw, and two in those of the lower. Each of these fangs presents 
an aperture at its summit. 

The crown of the first molar tooth in the yppir jaw has usually four cusps ; 
tlie root consists of tliree fangs, A\ idcly separated from one another, two being 
labial, the other lingual. 

The crown of \he first molar tooth in the lower jatv is larger than that of the 
upper : it has five cusps, and its ?*oot consists of two fangs, one being placed 

proximally, the other distally : they 
Fro. 004. — Temporary teelli. Left side. arc botJi i*onif)ress(^d from before back- 
wards, and gioovcd on their contiguous 
facets, indicating a tendency to division. 

The second molar is a little smaller 
than th(^ first. The crown has three or 
four cus])s in the upper, and usually 
five in the lower jaw. The root has 
three fangs in the upper jaw, and two 
in the lower, the characters of which 
are similar to tliose of the preceding 
tooth. 

The third molar tooth is called the 
wMom-footh or dens snpienticB (dens 

serotinus), from its lati? appearance 

througli the gum. Its crown is nearly 
as large as that- of tlie second molar, but is smaller than tJiat of 1 he first. In 

tlie upper jaw it is usually furnisijcd whli three cusps, the Iwo lingual ones 

being blended ; in the lower jaw there are five cusps as in tlie other molars. 
Tlie root is generally single, sliorl, conical, slightly curved, and grooved so as 
to present traces of a subdivision into three fangs in the uj)per, and two in 
the lower jaw. 



Temporary Teeth (Dentes decidui) (fig. 904) 

The temporary, or milk teeth, are smaller than, but, generally speaking, 
n^smnble in form, the teeth whicdi bear the same names in the 2 )ermanent set. 
Tl ic hinder of the two tenqiorary molars is the largest of all the milk teeth, and 
is succeeded by the second permanent bicuspid. The first u])per molar has only 
three cusps— two labial, on(‘ lingual ; the second upper molar has four cusps. 
The first lower molar has four cusps ; the second lowc^r molar has five. The 
fangs of the tem])orary molar teeth arc smaller and more divergent than those 
of the permanent set, but in other respects bear a strong resemblance to them. 

Stiu’ctcbe oe the Teeth 

On making a vertical section of a tooth (tig. lK)o), a cavity will he found in the interior 
of the crown and the centre of cac.'h fang; it opens hy a minute orifice at the extremity 
of the latter. In shape it corresponds somewhat with that of the tooth ; it forms what 
is called the yidp caeity (cavum dentis), and contains a soft, highly vascular, and sensitive 
suhstance, the denUd pulp (pul[)a dentis). The t»ulp consists of a loose connective tissue 
consisting of lino fibres and cells ; it is richly supplied with vessels and nerves, which enter 
the cavity through the small aperture at the point of each fang. Some of the cells of^'the 
imlj) pennoate I ho matrix, and others are arranged as a layer on the wall of the pulji 
cavity. The latter colls are named the odontoblasts of Waldeyer, and, during the develop- 
ment of the tooth, are columnar in shape, but later on, after the dentine is fully formed, 
they become flattened and resemble osteoblasts. They have two line processes, the outer 
one passing into a dental tubule, the inner being continuous with the processes of the 
connective- tissue cells of the j>ulp matrix. 

The solid portion of the tooth consists of (1) the imry or dentine, which forms the bulk 
of the tooth ; (2) the enamel, which covers the ox]iosod part of the crown ; and (3) a thin 
layer, the cenient or crusia petrosa, which is disposed on the surface of the fang. 
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The ivory, or dmiine (substantia eburnea) (fig. 907), forms the })rincii)al mass of a 
tooth ; in its central part is the cavity enclosing the pulp. It is a modihcation of osseous 
tissue, from which it differs, however, in structure. On microscopic examination it is 
seen to consist of a number of minute wavy and branching tubes, the dentinal tnbules, 
imbedded in a dense homogeneous substance, the matrix. 

The dentinal tubules (canaliculi dontales) (lig. 908) are placed parallel with one another, 
and open at their inner ends into the pulp cavity. In their course to the periphery they 
present tw'o or tliree curves, and are twisted on themselves in a spiral direction. These 
tubes vary in direction : thus in a tooth of the mandible they are vertical in the upper 
portion of the crown, becoming oblique and then horizontal in the neck and upper part 


Ftg. 905. — Vertical section of a tooth in situ. 
(15 diameters.) 



is placed in tlio pulp cavity, iippositu tUe cervix oi iu*ck 
of tlio tooth ; the part ai)o\ o. it is the crown, iliat below 
is tlic root (fan^). 1- Enamel with radial and concentric 
inarkmk'S. Dentine with tiibuks and incremental 
lines. 3. Cement or cruata petrosa, with bone cor[niscles. 
4. Dental periosteum. 5. Mundihlo. 


Fig. 906. — V crtical section of a 
molar tooth. 



Kiu. 907. — Vertical section of a 
))icuspid tooth. (Magnified.) 



of the root, while towards the lower part of the root they are inclined downwards. In 
their course they divide and subdivide dichotoinously, so as to give to the cut surface of 
the dentine a striated appearance. From the sides of the tubes, especially in the fang, 
ramifications of extreme minuteness are given off, whicli join together in loops in the 
matrix, or terminate in small dilatations, fj*oin which branches arc given off. Near tJie 
periphery of the dentine, the finer ramifications of the tubules terminate imperceptibly 
by free ends. The dentinal tubules have comparatively thick w^alls, consisting, in addition 
to the intertubular tissue, of an elastic liomogeneous membrane, the dentinal sheath of 
Neuimnn, which resists the action of acids ; they contain slender cylindrical prolongations 
of the odontoblasts, first described by Tomes, and named Tomes'^s Jihres or dentinal fibres. 
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The matrix is translucent, and contains the chief part of the earthy matter of the 
dentine. In it are a number of fine fibrils, which are continuous with the fibrils of the 
dental pulp. After the earthy matter has been removed by steeping a tooth in weak acid, 
the animal basis remaining may be tom into laminae which run parallel with the pulp 
cavity, across the direction of the tubes. A section of dry dentine oflen displays a series 
of somewhat parallel lines — the incremental lines of Salter, These lines are composed of 
imperfectly calcified dentine arranged in layers. In consequence of the imperfection in 
the calcifying process, little irregular cavitiks are left, termed interglobular spaces (spatia 
interglobularia). Normally a series of these si)aces is found towaids ihc outer surface of 
the dentine, where they form a layer, which is sometimes known as the granular layer 
(fig. 907). They have received their name from the fact that they are surrounded by 
minute nodules or globules of dentine. Other curved lines may bo seen parallel to the 
surface. These are the lines of Schreger, and are due to the oj)tical effect of simultaneous 
curvature of the dentinal fibres. 

Chemicdl Com.posiiion. — ^According to Berzelius and von Bibra, dentine consists of 28 parts 
of animal and 72 of earthy matter. The animal matter is converted by boiling into gelatin. 

The earthy matter consists of ])hosphate 


ry ^Cemrvf 




Intcrglohiilar 

spaces 


Fig. 908.-Transverse section of » portion f carl’pHate of lime, a trace of 

of the root of a canine tooth. (Mapnifiod of magnesia, 

^ and other salts. 

Tlie rnamc/ (substantia adamantina) is 

^ the hardest and most compact part of the 

tooth, and forms a thin cnist over the 

I ex})osed part of the crown, as far as 
'^Ccmnif the i*ommenc,emeni of the fang. It is 

thickest on the grinding surface of the 
crown, until worn away by attrition, and 
becomes thinner towiirds the neck. It 
consists of minute hexagonal rods or 
Interglobular columns termed enamel fibres or erutmei 
spaces pris'ms (prismata adamant ina). They lie 

parallel with one another, resting by 
one extremity u])on the dentine, which 
presents a number of minute depressions 
for their reception ; ami forming the free 
surface of the crown by the other extremity. 
The columns are directed vertically on the 
summit of the crowT), horizontally at the 
Denfmc sides ; they are a]>out . ,r,},n oi an inch in 

diameter, and pursue a more or less W'a\ y 
course. Each column is a six-sided prism 
and presents numerous dark transverse 
shadings ; these shadings are probably 
due to the manner in wliich the columns are 
developed in successive stages, producing 
shallow constrictions, as will bo sub- 
setpjcntly ex )laine I Another series of 
lines, having a brown appearance, the 
'parallel striw or coloured lines of lieizivs^ 
is seen on section. According to Ebner, 
they are produced by air in the inter- 
prismatic spaces ; others believe that they 
are the result of true pigmentation. 

Numerous minute interstices intei*venc between the enamel fibres near their dentinal 
ends, a provision calculated to allow’ of the permeation of fluids from the dentinal 
tubule into the substance of the enamel. 

Chemical Composition. — According to von Bibra, enamel consists of 96*5 per cent, 
of earthy matter, and 3*5 per cent, of animal matter.* The earthy matter consists of 
phosphate of lime, with traces of fluoride of calcium, carbonate of lime, phosphate of 
magnesia, and other salts. 

The crusta petrosa, or cement (substantia ossea), is disposed as a thin layer on the 
roots of the teeth, from tlie termination of the enamel to the apex of the fang, where 
it is usually very thick. In structure and chemical composition it resembles bone. It 
contains, sparingly, the lacunm and canaliculi which chai-acterise true bone ; the laeunse 
placed near the surface have the canaliculi radiating from the side of the lacunas towards 
the periodontal membrane ; and those more deeply placed join with the adjacent dental 
tubides. In the thicker portions of the crusta petrosa, the lamella} and Haversian canals 
peculiar to bone are also found. 

* Tomes disputes this, and says that enamel is an inorganic substance, and that what has 
been regarded as organic matter is in reality merely water in combination with the salts. 
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As age advances, the cement increases in thickness, and gives rise to those bony growths, 
or exostoses, so common in the teeth of the aged ; the pnip cavity also becomes partiaUy 
filled up by a hard substance, intermediate in structure between dentine and bone (o/tfeo- 
dentine^ Owen ; secondary dentine. Tomes). It appears to be formed by a slow conversion 
of the dental pulp, which shrinks, or even disappears. 

Development of the Teeth (figs. 909 to 912) 

In describing the development of the teeth, the mode of formation of the temporary 
or milk teeth must first be considore<l, and then lhat of the permanent series. 

Development of the temporary teeth. — ^Tho development of these t eeth begins at a 
very early period of fcctal life — about the sixth week. It commences as a thickening of 
the epithelium along t he lino of the future jaw, the thickening being due to a rajiid multi- 
]jlication of the more deeply situated epithelial cells. As the cells multiply they extend 
into the subjacent mesoderm, and thus form a semicircular ridge or strand of colls imbedded 

P’lG. 909. — Sagittal section through the first lower temporary molar of a human embryo 
30 mm, long. (Rose.) ^V"* 



L.E.L.^ lubio-dcnlul lamina, hero .sopar<it(;(i from and well iii advance of the dental lamina ; Z.L., placed 
over II le shallow dental iurr»nv, points to the dental lamina, which is 8i)read out below to form tlie 
enamel germ of tlie future tooth ; P.p., Incm^pidiitc ])apniii, capped by the enamel germ ; Z.S., condensed 
tissue foniung dental sac ; M.K., mouth-epithelium. 


Fici. 910. — Similar section through the canine tooth of an embryo 40 mm. long. 

(Rose.) 



in mesoderm. About the seventh week a longitudinal splitting or cleavage of this strand 
of oells takes place, and it becomes divided into two strands ; the separation begins in 
front and extends laterally : the process occupying four or five weeks. Of the two 
strands thus formed, the outer or lahial forms the future labiosdental furrow, and is there- 
fore termed the hbio-denial lamina ; while the other, the inner ov lingual, is the ridge of cells 
in connection with which the teeth, both temporary and permanent, are developed. Hence 
it is known as the dental lamina or common dental germ. It forms a fiat band of cells, which 
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grows into the substance of tlie embryonic jaw, at first horizontally inwards, and then, as 
the teeth develop, vertically, i.e. upwards in the upper jaw, ^ and downwards in the lower 
jaw. While still maintaining a hodzontal direction, it has two edges ; one, the attached 
edge, which is continuous with the epithelium lining the mouth ; the other, the free edge, 
projecting inA^ ards, and imbedded in the mesodermal tissue of the embryonic jaw. Along 
its lino of attachment to the buccal epithelium is a shallow groove, the dental furrow. 

About the ninth week the dental lamina begins to develop enlargements along its 
free border. These are ten in number in each jaw, and eacli corresponds to a future 
milk tooth. They consist of masses of epithelial cells ; and the cells of the deeper part — 
that is, the part farthest from the margin of the jaw — increase rapidly and spread out in all 
directions. Each* mass thus comes to assume a club shape, connected with the general 
c{)ithelial lining of the mouth by a narrow neck, embraced by mesoderm. They are now 
knoAATi as special denial germs. After a time the lower expanded ])ortion inclines outwards, 
so as to form an angle with the superficial constricted portion, which is sometimes known 
as the neck of tlio special dental germ. About the tenth Aveek the mesodermal tissue 
beneath these s})ecial dental germs becomes different iated into papillae ,* these grow uj)wards, 
and come in contact with the ej)itlielial cells of the spc(;ial dental germs, which become 
folded over them like a hood oi* caj>. There is, then, at this stage a papilla (or impilhe) 
which has already begun to assuine somewhat the shajte of the crown of the future tooth, 
and from which the dentine and ])uli) of the tooth aje formed, surmounted by a dome or 
cap of epithelial cells, from AA'hich the enamel is derived. 


Eig. 911. — ^\"crlical section of the mandible of an early human foetus. 
(Magnified 25 diameters.) 



In the meantime, Avhile these changes have been going on, the dental lamina has been 
extending backwards behind the special dental germ corresponding to the second molar 
tooth of tJie tempoi-ary set, and at about the seventeenth week it presents an enlargement, 
the special dental germ, for the first i^ermanent molar, soon folloAved by the formation of a 
papilla in the mesodermal tissue for the same tooth. This is followed, about the sixth 
month after birtli, by a furtlier extension backwards of the dental lamina, with the 
formation of another enlargement and its corresponding papilla for 'the second molar. 
And finally Ihe jjrocess is repealed for the third molar, its papilla appearing about the 
fifth year of life. 

After the formation of the special dental germs, the dental lamina undergoes atrophic 
changes and bc(;omcs cribiiform, exce))t on the lingual and lateral aspects of each of the 
special germs of the temporary teeth, whore it undergoes a local thickening, forming the 
special dental germ of each of the successional permanent teeth — i.e. the ten anterior 
ones in each jaw. Here the same process goes on as has been described in connection 
with those of the milk teeth : that is, they recede into the substance of the gum behind 
the germs of the temporary teeth. As they recede they become club-shaped, form an 
expansion at theii- distal extremity, and finally meet a papilla, which has been formed in 
tho mesoderm, just in the same manner as was the case in the temporary teeth. The 
apex of the papilla indents the dental germ, which encloses it, and, forming a cap for it, 
becomes converted into the ^enamel, while the papilla forms the dentine and pulp of the 
permanent tooth. 

Tho special dental germs consist at first of rounded or polyhedral epithelial cells; 
after the formation of the papillae, these cells undergo a differentiation into three classes. 
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Those which are in immediaio contact with the papilla become elongated, and form a 
layer of well-marke<l columnar epithelium coating the papilla. They are the cells wliich 
form the enamel fibres, and arc therefore termed enamel cells or adamanioblasts. Tlie cells 
of the outer layer of the special dental germ, which are in contact with the inner surface 
of the dental sac, presently to be described, are much shorter, cubical in form, and are 
named the external enamel epithelium. z\ll tlic intermediate round colls of the dental 
germ between these two layers undergo a peculiar change. They become stellate in 
shape and develop processes, which unite to form a network into which fluid is secreted ; 
this has the appearance of a jelly, and to it the name of enamel pulp is given. This 
transformed special dental germ is now known under the name of enanipl organ. 

While these changes are going on, a sac is formed around each enamel organ from 
the surrounding mesodermal tissue. This is known as the dental sac, and is a vascular 
membrane of connective tissue. It grows up from below, and thus encloses the whole tooth 
germ ; as it grows it causes the neck of the enamel organ to atrophy and disaj)pcar ; so that 
all communication between the enamel organ and the su})eriicial epitlielium is cut off. 
At this stage there ai’e vascular jmjjilhe surmounted by inverted caps of epithelial cells, 
the wliole being surrounded by membranous sacs. The cap consists of an internal layer 
of cells — tlie enamel cells or adainantoblasts — in contacit with the papilla ; of an external 
layer of cells — the external enamel e])ithelium — lining the interior of the dental sac ; 
and of an intermediate mass of stellate cells. 


with a^slomosing pi occsses-lLe enamel 912.— rental sac of a human embryo 

pulp (lig. .)12). , , at an advanced stage of develojmient. 

lor^lum oj the emnud.-lha enamel .j diagrammatic, 

termed exclusively from the enamel cells or - 

adamantoblasts of tJie special dental germ, 
either by dhcct calcification of the columnar 
cells, w'bicli become elongated into the hexa- 
gonal rods of the enamel ; oi-, as is believed 
by some, as a secretion from the adamanto- ^ 
blasts, within wliieli calcareous matter is 
subsccpiently deposited. 

The j)rocess begins at the a})cx of each ^ - 
cusp, at the ends of the enamel cells, in con- 
tact with the dental jiajulla. Here aline 
globular deposit takes place, being ap])arently 
shed from the end of tlie adamantoblasts. 

It is known by tJjc name of enamel droplet, 
and resembles keratin in its resistance to the 
action of mineral acuds. This dicjplet then 
calcifies and forms the first layer of the 
enamel ; a second droplet now a})j)C‘{U‘s and 
calcilios, and so on ; successive droplets of 
keratin-like material are shed from tJic 
adamantoblasts and form successive layers 
of enamel, the adamantoblasts gradually 

receding as each layer is produced, until at , ^.„„„ecti^o tiaauc, «iiii it« 

the termination of the process they have uuirr etratum, > »iid its inner, a . i. Enumci 

almost disappeared. The intermediate cells rrp.ul mainrl mnUidnini </. tlo 

oi tfie enamel pulp atrophy and disappear, iY,irjsition of Uie wall of the follicle into tlie 

so that the new'Iy formed calcified material of the dcntui germ, 

and the external enamel cpit.helium come 

into apposition. This latter layer, however, soon disajijiears on the emergence of the 
tooth beyond the gum. After its disapi)earance*tUc crown of the tooth is still covered 
by a distinct membrane, which remains jiersistent for some time. This is known 
as the cuiicula defliis, or ^’asmytJts ?nfmhrane, and is believed to be the last -formed 
layer of enamel derived from the adamantoblasts, which has not become calcified. It 
forms a horny layer, which may be separated from the subjacent calcified mass by tlie 
action of strong acids. It is marked liy the hexagonal impressions of the enamel 
prisms, and, when stained by nitrate of silver, shows the characteristic appeai’ance of 
epithelium. 


W.ill uf thcHjic, for iKsil of C(>nnecti\o tissue, with its 
outer stratum, r ami its inner, a . b. Enuincl 
organ, c. 'I’lir- cx enuxi enamel ejxiUielimii. </. 'i'ho 
enuijiel cells, e. )entijio cells, f. Dental jjapilla. 
</, ». lYxinsition of tlie wall of the follicle into tlie 
tissue of the dental germ. 


Formation of the dentine . — While these changes arc taking place in the epithelium 
to form the enamel, contemporaneous changes occurring in the differentiated mesoderm 
of the dental papillte result in the formation of the dentine. As before stated, the first 
germs of the dentine are the papilla?, corresponding in number to the teeth, formed from 
the soft mesodermal tissue which bounds the depressions containing the s])ecial enamel 
germs. The papilhe grow upwards into the enamel germs and become covered by tJiem, 
both being enclosed in a vascular connective tissue, the dental sac, in the manner above 


described. Each papilla then constitutes the formative pulp«from which the dentine and 
permanent pulp are developed ; it consists of rounded cells, and is very vascular, and 
soon begins to assume the shape of the future tootli. The next step is the appearance of 
the odontoblasts, which have a relation to the development of the teeth similar to that of 
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the osteoblasts to the formation of bone. They are formed from the cells of the periphery 
of the papilla — ^that is to say, from the cells in immediate contact with the adamantoblasto 
of the special dental germ. These cells become elongated f one end of the elongated cell 
resting against the epithelium of the special dental germs, the other being tapered and 
often branched. By the direct transformation of the peripheral ends of these cells, or by 
a secretion from them, a layer of uncalcified matrix is formed which caps the cusp or 
cusps, if there are more than one, of the papillae. In this matrix islets of calc^cation make 
their appearance, and coalescing give rise to a continuous layer of calcified material 
which covers each cusp and constitutes the first layer of dentine. The odontoblasts, having 
thus formed the first layer, retire towards the centre of the papilla, and as they do so 
produce successive layers of dentine from their peripheral extremities — that is to say, they 
form the dentinal matrix in which calcification subsequently takes place. As they thus 
recede from the periphery of the papilla, they leave behind them filamentous processes of 
cell protoplasm, provide wHh finer side processes ; these are surrounded by calcified 
material, and thus form the dentinal tubules, and, by their side branches, the anastomosing 
tubules, whereby the dentinal tubules communicate : the processes of protoplasm 
contained within them, constitute the dentinal fibres (Tomes's fibres) which, as mentioned 
above, are found within the tubules. In this way the cntii-e thickness of the dentine is 
developed, each tubule being com))leted throughout its whole length by a single odonto- 
blast. The central part of the papilla does not undergo calcification, but persists as the 
pulp of the tooth. In this process of formation of dentine it has been shown that an un- 
calcified matrix is first developed, and that in this matrix islets of calcification appear 
which subsequently blend together to form a cap to each cusp : in like manner successive 
layers are produced, which ultimately become blended with each other. In certain 
places this blending is not complete, portions of the matrix remaining uncalcified between 
the successive layers ; this gives rise, in the macerated tooth, to little spaces, which are the 
intcrgJobular spaces alluded to above. 

Formation of the cemcnL — The root of the tooth begins to be formed shortly before the 
crown emerges through the gum, but is not completed until some time afterwards. It is 
produced by a downgrowth of the epithelium of the dental germ, which extends almost as 
far as the situation of the apex of the future fang, and determines the form of this portion 
of the tooth. Tills fold of epithelium is known as the epithelial sheath^ and on its papillary 
surface odontoblasts appear, which in turn form dentine, so that the dentine formation 
is identical in the crown and root of the tooth. After the dentine of the root has been 
develojied, the vascular tissues of the dental sac begin to break through the epithelial 
sheath, and sjiread over the surface of the fang as a layer of bone-forming material. In this 
osteoblasts make their appearance, and the process of ossification goes on in identically the 
same manner as in tlio ordinary intra-mem branous ossification of bone. In this way the 
cement is formed, and consists of ordinary bone, containing canaliculi and lacunie. 

Formation of the alveoli, — About the fourteenth week of embryonic life the dental 
lamina becomes enclosed in a trough or groove of mesodermal tissue, which at first is 
common to all the dental germs but subsequently becomes divided by bony septa into 
loculi, each loculus containing the special dental germ of a tem})orary tooth and its corres- 
liondiiig permanent tooth. After birth each cavity becomes subdivided, so as to form 
separate loculi (the future alveoli) for the milk tooth and its corresj)onding ))ermanent 
tooth. Although at one time the whole of the growing tooth is contained in the cavity 
of the alveolus, the latter never comiJletely encloses it, since there is always an aperture 
over the toj) of the crown filled by soft tissue, by which the dental sac is connected with the 
surface of the gum, and which in the permanent teeth is called the guhernaculum deniis. 

Development of the permanent teeth. — ^The permanent teeth as regards thch' develop- 
ment may be divided into two sets ; (1) those which re})lace the temporarj’^ teeth, and 
which, like them, are ten in number in each jaw ; these are the sucrcssional permanent 
teeth ; and (2) those which have no temporary predecessors, but are superadded distal to 
the temporary dental series. These are three in number on either side in each jaw, and are 
termed auperadded permanent teeth. They are the three molars of 'the permanent set, 
the molars of the temporary set being replaced by the ])remolars or bicuspids of the 
permanent set. The development of the successional permanent teeth — the ten anterior 
ones in either jaw — has already been indicated. During their development the permanent 
teeth, enclosed in their sacs, come to be placed on the lingual side of the temporary teeth 
and more distant from the margin of the futui’e gum, and, as already stated, are separated 
from them by bony partitions. As the crown of the permanent tooth grows, absorption 
of those bony partitions and of the fang of the temporary tooth takes place, through the 
agency of osteoclasts, w'hich ai)pear at tliis time, and finally nothing but the crown of the 
temporary tooth remains. This is shed or removed, and the permanent tooth takes its 
place. 

The superadded permanent teeth are developed in the manner already described, by 
extensions backward of the posterior j)art of the dental lamina in each jaw. 

Eruption , — When the calcification of the different tissues of the tooth is 
sufficiently advanced to enable it to bear the pressure to which it will be 
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afterwards subjected, eruption takes place, the tooth making its way through 
the gum. The gum is absorbed by the pressure of the crown of the tooth 
against it, which is itself pressed up by the increasing size of the fang. At the 
same time the septa betw^een the dental sacs, at first fibrous in structure, ossify, 
and constitute the alveoli ; these firmly embrace the necks of the teeth, and 
afford them a solid basis of support. 

The eruption of the temporary teeth commences at the seventh month after 
birth, and is completed about the end of the second year, those of the lower 
jaw preceding those of the upper. 

The follovdng, according to 0. S. Tomes, are the most usual times of 
eruption : 


Lower central incisors . . . . 

Upper incisors . . . 

Lower lateral incisors and first molars . 

Canines 

Second molars 


6 to 9 mont hs. 
8 to 10 months. 

15 to 21 months. 

16 to 20 months. 
20 to 24 months. 


(Calcification of the permanent tee<li proceeds in the folio whig order in the 
lower jaw (in the upper jaw it takes place a little later) : the first molar, soon 
after birth ; the central and lateral incisors, and the canine, about six months 
after birth ; the bicuspids, at the second year, or a little later ; the second 
molar, about the end of tlie second year ; the third molar, about the twelfth year. 

The efuplion of the permanent teeth takes place at the folloAving periods, 
f he teeth of the lower jaw preceding those of the upper by a sliort interval : 


First molars . 

Two c( Ultra! incisors 
Two lateral incisors 
First bicuspids 
Second bicuspids . 
(Janines . 

Se(;ond molars 
‘ Wisdom ’ teeth . 


. . 6th ycaj*. 

. . 7th year. 

. . 8ih year. 

9th year. 
. . lOtli year. 

11th to 12th year. 
12th to 13th year. 
17th to 2r)th year. 


Towards tJie sixth year, before the shedding of the temporary tcetli begins, 
tliere are twtjnty-foiir te(dh in each jaw, viz. the ten temporary teeth and the 
crowns of all tlie permanent tcetli except tlie tJiird molars. 

Applied AnaUnny . — As a conse(|uoncc of local irritation or of chronic digestive 
disturbances occurring during their cru})tion, both the teTU})orary and the permanent teeth 
may show defective development or irregular transverse hiiTowing and erosions; this is 
jjarticularly the case with the incisors, (^uite distinct from, and much less common than 
this, is a cliaracteristic malformation of the two ujiper central permanent incisors seen in 
patients with inlicrited syphilis, and first dt^scribod hy Hutchinson. Hcie there is a 
crescentic notch in the anterior surface and at the cutting edge of the tooth, which is 
peg-shaped, stunted, and often also sot obliquely in the gum, pointing either inwards or 
outwards. Mumerous forms of innocent iurmmr arising from the teeth, or from their 
constituent layers, have been described under the gtmeral name of odontoma. Injection 
of the pulp of a tooth by bacteria gaining access tficreto in consequence of dental caries 
gives rise to the common and very painful alveolar ahactHS ; starting in the apical space 
between the root df the tooth and its alveolar socket, the pus from such an abscess 
may make its way into the antrum, or bui*st through the hard palate or cheek. A 
more superficial abscess forming between the root of a tooth and the gum is known as a 
gum-boil. 


The Tongue 

The tongue is the principal organ of the sense of taste, and is an important 
organ of speech ; it also assists in the mastication and deglutitioa of tlie 
food. It is situated in the floor of the mouth, within the curve of the body 
of the mandible. 

Its base, or root (radix linguas), is directed backwards, and connected with 
tho hyoid bone by the Hyo-glossi and Genio-hyo^glossi muscles and the 
hyo-glossal membrane with the epiglottis by three folds (gl-osso-epiglottic) of 
mucous membrane ; with tho soft palate by means of the anterior pillars 
of the fauces ; and with the pharynx by the Superior constrictors and the 
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mucous membrane. Its apex (apex linguae), thin and narrow, is directed 
forwards against the inner surfaces of the lower incisor teeth. Its under 
surface (facies inferior) is connected with the mandible by the Genio-hyo-glossus 
muscles ; from its sides, the mucous membrane is reflected to the inner surface 
of the gums ; and from its under surface on to the floor of the mouth, where, 
in the middle line, it is (elevated into a distinct vertical fold, the frenulum 
linguae , To the outer side of the frenulum is a slight fold' of the mucous 
membrane, the plica fimhriata, the free edge of which exhibits a series of fringe- 
like processes. 

The tip of the tongue, part of the under surface, its sides, and dorsum are 
free. 

The dorsum of the tongue (dorsum linguae) (fig. 913) is convex, marked along 
the middle line by a furrow (sulcus medianus), wliich divides it into symmetrical 


Fig. 913. — Upper sui’face of tho tongue. 


Phnnfnx Uvula 

\ 



Posterior jiillar 
of fa (UTS 

Tonsil 

Eitigloffis 
^Anterior pillar 
of fa urf\s 


Pupil Ire 
' Vail a tar 


•s^Fungiform pap if hr 


halves ; this furrow terminates beliind, about an inch from tlie base of the 
organ, in a depression, the foramen caecum, from w hic^h a shallow groove, tlie 
sulcus terminal is, runs outwards and forwards on either side to the lateral 
margin of the tongue. The part of tho dorsum of the tongue in front of this 
groove, forming about tw o-thirds of its surface, looks upwards, and is rough 
and covered with papilla; ; the posterior third looks backw ards, and is smoother, 
and contains numerous muciparous glands and lymphoid follicles. The 
foramen caecum is the remains of tlie upper part of the thyroglossal duct or 
diverticulum, from which the median rudiment of the thyroid gland is 
developed ; the pyramidal lobe of the thyroid gland indicates the position of 
the lower part of the dUct. « 

The papillce of the tongue (papillae linguae) (fig. 914). — These are papillary 
projections of the corium. They are thickly distributed over the anterior 
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* two-thirds of its upper surface, giving to it its characteristic roughness. 
The varieties of papillae met with are the papillae vallatae, papilla? fungiformes, 
papillae filiformes, and papillae simplices. 

The 'papillcB valUitce are of large size, and vary from eight to tvelve 
in number. They are situated on the dorsum of the tongue immediately in 
front of the foramen caecum and sulcus termiiialis, forming a row on cither 
side ; the t\A o fOAVs run backwards and inwards, and meet in the middle line, 
like the limbs of the letter V inverted. Each papilla consists of a projection 
of mucous membrane from o to ,*0 of an inch wide, attached to the bottom 
of a circular depression of the mucous membi-anc ; the papilla is shaped lik(? 
a truncated cone ; the smaller end being dirc(;ted downwards and attached to 
the tongue, the broader part or base projecting a little above the surface of 
the tongue and being studded with numerous small secondary papilla? and 
covered by stratified squamous epithelium. The cup-shaped depression 
forms a kind of fossa round the papilla, and the mucous membrane outside 
the fossa forms a circular elevation, named the wall (vallum). 

The papillcB fungiformes, more numerous than the preceding, are found 
chiefly at the sides and apex, but are scattered irregularly and sparingly 
over the dorsum. They are easily re(;ognised, among the other papilla\ by 
tlieir large size, rounded eminences, ai.d deep red colour. They are narrow 
at tlitur attachment to tlie tongue, but broad and rounded at their free 
extremities, and covered with secondary papillie. 


Fto. fll4. — The three kinds of papilla?. (Magnified.) 

Filiform 



The papillce filiformes cover the can tenor two-thirds of the dorsum of the 
tongue. They arc; vi^ry minute, more or less conical or filiform in sliape, and 
arranged in lines parallel with the two rows of the papillae circumvallata? ; 
excepting at tlie apex of tlie organ, Avhere their direction is transverse. Pro- 
jecting from their apices are numerous filiform processes, or secondary papilla? ; 
these are of a whitish tint, owing to the thickness and density of the epithelium 
of which they are composed, and winch has here undergone a petuiliar modifica- 
tion, the cells having become cornified and tdongated into densi?, imbricated, 
brush-like processes. They contain also a number of elastic fibres, which 
render them firmer and more elastic, than tlie papilla? of mucous membrane 
generally. 

Simple papillce, similar to those of the skin, cover the whole of the mucous 
membrane of the tongue, as well as the larger papillae. 1’hey consist of closely 
set microscopic elevations of the corium, containing a papillary loop, (iovered 
by a layer of epithelium. 

Strnoture of the tongue. — ^The tongue is partly invested by mucous membrane and a 
submucous fibrous layer. It consists of symmetrical halves, separated from each other 
In the middle line by a fibrous septum (septum linguae). Each half is compos^ of 
muscular fibres an'anged in^various directions (page 4®)), containing mudi interposed fat, 
and supplied by vessels and nerves. . 

The mueouB membrane differs in different parts. That covering the under surf^ 
of the organ is thin, smooth, and identical in structure with that lining the rest of the 

4 B 
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oral cavity. The mucous membrane of the dorsum of the tongue behind the foramen 
cjecum and sulcus torminalis is thick and freely movable over the subjacent pafts. 
It contains a large number of lymphoid follicles, which together constitute what is 
sometimes termed the lin/gml tonsil (tonsilla lingualis). Each follicle fornis a rounded 
eminence, the centre of which is perforated by a minute orifice leading into a funnel- 
shaped cavity or recess ; around this recess are grouped numerous oval or rounded nodules 
of lymphoid tissue, each enveloped by a capsule derived from the submucosa, while 
opening into the bottom of the recesses are also seen the ducts of mucous glands. The 
mucous membrane on the anterior part of the dorsum of the tongue is thin, intimately 
adherent to the muscular tissue, and presents numerous minute surface eminences, the 
papilloe of the tongue. It consists of a layer of connective tissue, the corium or mucosa, 
covered with epithelium. 

The epithelium is of the scaly variety, like that of the epidermis, but is much thinner 
than that of the skin : the intervals between the large papillse are not filled up by it, but 
each papilla has a sej)arate investment from root to summit. The deepest cells may 
sometimes be detached as a separate layer, corresponding to the rete mucosum, but they 
never contain colouring matter. 

The corium consists of a dense felt- work of fibrous connective tissue, with numerous 
elastic fibres, firmly connected with the fibrous tissue forming the septa between the 
muscular bundles of the tongue. It contains the ramifications of the numerous vessels 

and nerves from which the 


Fi( 4. 915. — Section of ])api11a foliata of a rabbit. 
(Magnified.) 
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papilla; are supplied, lai’ge 
plexuses of lymphatic vessels, 
and the glands of the tongue. 

Sirufciure of the papilla’. 
(fig. 915). — The papillse aj)pa- 
rently resem ble in structure t hose 
of the cutis, consisting of cone- 
shaped jirojections of coimective 
tissue, (jovered with a thick layer 
of H(piamoiis epithelium, and 
containing one or more ca})illary 
loops, among which nerves are 
distriluitcd in great abundance. 
If the e])ithclium be removed, it 
will be found that they are not 
simple elevations like the papilla' 
of the skin, for the surface of 
each is studded wdtli minute 
coni(;al ])rocc?sscs which form 
Re(;ondary papillsp. In the 
papillsL* circumvallala', the nerves 
are numerous and of large size ; 
in the papilhe fungiformes tliey 
arc also numerous, and termi- 


nate in a pJexiform network, 
from which brush-like branches proceed ; in the papilla; filifonues, their mode of 
teimination is uncertain. 


Glands of the tongue , — The tongue is provided with mucous nnd serous glands. 

The wucom ghinds arc similar in structure to the labial and bueeal glands. They are 
found cspcciiilly at the hack jiart bcliind the circumvallate papilla', but are also present 
at tlje apex and marginal })arts. In tliis (jonncction the glands of Blandin or Nuhn require 
special notice. They are situated oif the under surface of the apex of the tongue, one on 
either side of the frenulum, where they are covered by a fasciculus of muscular fibres derived 
from the Stylo-glossus and Inferior lingualis. They are from half an inch to nearly an 
inch long, and about the third of an inch broad, and each opens by three or four ducts on 
the under surface of the apex (fig. 9lfi). 

The serous glamls occur only at the back of the tongue in the neighbourhood of the 
taste- buds, their ducts opening for the most part into the fossa; of tlie circumvallate 
papilla;. These glands are racemose, the duct branching into several minute ducts, which 
terminate in alveoli, lined by a single layer of more or less columnar epithelium. Their 
seesretion is of a watery nature, and probably assists in the distribution of the substance to 
be tasted over the taste area. (Ebner.) 

The fibrous septum consists of a vertical layer of fibious tissue, extending throughout 
the entire length of the middle line of the tongue, from the base to the apex, though not 
quite reaching the dorsum. It is thicker behind than in front, and occasionally contains 
a small fibro-cartilage, about a quarter of an inch in length. It is well displayed by making 
a vertical section across the organ. 

The hyoglossal membrane is a strong fibrous lamina, which connects the under 
surface of the base of the tongue to the body of the hyoid bone. This membrane receives, 
in front, some of the fibres of the Genio-hyo-glossus muscles. 
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Muscles. — ^Tbe muscular libres of the tongue run in v&rious directions. These fibres 
are divided into two sots, extrinsic and intrinsic, which have already been described 
(pages 479 to 482). 

Vessels and Nerves. — The main artery of the* tongue is the lingual branch of the 
external carotid, but the facial and ascending ifiiaryngeal also give branches to it. The 
veins open into the internal jugular. 

The lymphatics of the longue have been described on page 770 

The nerves of the tongue arc : (1) the lingual branch of the third division of the fifth, 
which is distributed t-o the papillae at the fore- part and sides of the tongue, and forms tJio 
nerve of ordinary sensibility for its anterior two-thirds ; (2) the chorda tympani branch of 
the facial nerv^e, which runs in the sheath of the lingual, and is generally regarded as the 
nerve of taste for the anterior two-t birds ; this nerv'o is a continuation of the sensory root 
of the facial (pars intemiedia of Wrisberg) ; (3) the lingual branch of the glosso-pharyngeal, 
whicli is distributed to the mucous membrane at the base and sides of the tongue, and to 
the papillae vallatae, and which supplier both sensory and gustatory filaments to this 
region ; (4) the hy})Oglos8al nerve, which is t he motor nerve to the muscular substance 
of the tongue ; (6) the superior laryngeal, which sends some fine branches to the lOot near 
the epiglottis. 

Fia. 91fi. — Under surface of tongue, showing position and relations of glands of 
Blandin or Nuhn. (From a preparation in the Museum of the Royal College 
of Surgeons of England. ) 



Bristlfs in ducts of glands 


Gland of Blaudin or Nuhn 


Lingual nrrrr Itauinc artenj 


Applied AnaUmiy . — The diseases lo which the tongue is liable arc numerous, and 
any or all of the structures of which it is composed — muscles, connective tissue, mucous 
membrane, glands, vessels, nerves, and lymphatics — may he the scat of morbid changes. 
It is not often the seat, of congenital' defects, though a fewtJases of vertical cleft have been 
recorded, and it is occasionally, though much more rarely than is commonly supposed, 
the seat of ‘ tongue tic,’ from shortness of the frenulum. 

There is one condition wfiich may be regarded as congenital, the so-called macroglossia, 
though sometimes it does not evidence itself until a year or two after birth. This is an 
enlargement of the tongue which is due primarily to a dilatation of the lymph-channels 
and a greatly increased development of the lymphatic tissue throughout the organ. This 
is often aggravated by inflammatory changes induced by injury or exposure, and the 
ton^e may assume enormous dimensions and hang out of the mouth, giving the child 
an imbecile expression. The tre^itment consists in excising a V-shap^ portion and 
bringing the cut surfaces together with deeply plaeed sutures. 

Acute inflammation of the tongue, which may be caused by injury and the introduction 
of some septic or irritating matter, is attended by great swelling from infiltration of 
its oonnoctive tissue, w^hich is in considei'able quantity. This renders the patient 
incapable of swallowing or speaking, and may seriously impede respiration. It may rtin 
on to suppuration, and the formation of an acute abscess. 
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In all ages the mucous membrane of the tongue has received much sedulous considera- 
tion in disease, and it is certain that the amount and the distribution of the ‘ fur ’ with 
which it may bo covered often give valuable help in diagnosis. The fur consists of pro- 
liferating or desquamated epithelium, bound up with insjiissatod mucus, the debris of food, 
and bacteria of all sorts. The mucous membrane of the tongue may become chronically 
inflamed, and presents different appearances in the various stages of the disease, to which 
the terms leucoplakia and ])soriasis linguse have been given. They are usually the result 
of syphilis. 

I’ho tongue, being very vascular, is often the seat of naevoid growths, and these have 
a tendency to increase rajiidly. 

The tongue is frequently the seat of iil(;eration, which may arise from many causes, 
as Iroin the iriitation of jagged teeth, dyspepsia, tubercjulosis, syphilis, and cancer. Of these 
the cancerous ulcer is the most important and also the most common. The variety is the 
squamous cfiithelioma, which soon devolofis into an ulcer with an indurated edge. It 
causes great pain, which siieediJy extends to all parts supplied with sensation by the 
fifth ncr\"e, especially to the region of the oar (aiirioulo-tcmpbral branch). 

Cancer of the tongue may necessitate removal of a part or the whole of the orgnn, 
and many different methods have been adojited for its excision. It may be removed 
from the moutli liy the ccraseur or the scissors. Probably the better method is by the 
scissors, usually known as Whiteliead’s metliod. Tlie mouth is widely 0])ened with a gag, 
the tongue transfixed with a stout silk ligature, by which to hold and make traction on 
it>; the reflection of mucous membrane from tlie tongue to the jaw, and the insertion 
of the Cenio-hyo-glossus arc first divided with a pair of curved, blunt -pointed scissors. The 
Palato-glossus is also divided. The tongue can now' be pulled well out of the mouth. 
The base of tlie tongue is emt through by a series of shoit sni|)s, each bleeding vessel 
being dealt with as soon as divided, until the situation of llic main artery is reached. 
The remaining undivided portion of tissue is to be seized witii a jiaii’ of Wells’ 
forceps, the tongue removed, and the vessel secured. In the event of the artoj-y being 
accidentoJly injurexl, ha-morrhage can be at once controlled by j)assing the forefinger over 
the tongue till it touches the epiglottis, and then turning it towards tlie side on whicl) the 
artery is to be compresscHl, and pushing it forcibly against the jaw (Heath). In oases 
where the disease is confined to one side of the longue, this o])eration may be modified 
by splitting the tongue down the centre and removing only the affected half. 

In cases wdiere the suhmaxillary lymphatic glands are involved, Kochcr s operation 
should be resorted to. Having jierformed a preliminary ti“ac}icotomy»KocJier removes the 
tongue from fhe necjk by an incision from near the Jobuleof the ear. down the anterior border 
of the Sterno-mastoid to the level of the great cornu of the hyoid bone, then forwards to 
fhe body of the hyoid bone, and upwards to near the symphysis of fhc jaw. The lingual 
artery is now secured, and by a careful dissection the submaxillary lymi)hatic glands and 
the tongue are removed. If the lymphatic glands in the submaxillai-y region are in any 
way affe(;ted, an extensive dissection of these will be required if there is any chance of 
eradicating the disease, and for this purpose it will be found necessary to remove the 
submaxillary salivary gland. 

The more recent operations aim at, first, clearing the neck thoroughly of affected glands, 
both in the submaxillary region and along the carotid sheath, and secondly renio\'al of 
the tongue from within the mouth, leaving if possible the mucous membrane of the floor 
of the mouth intact, so as to avoid soiling the large wound in the neck by the discharges 
from the mouth. 


The Salivaky Glands (fig. 917) 

The principal salivary glands communicating with the mouth, and pouring 
thoir secretion into its cavity, are the parotid, submaxillary, and sublingual. 

Parotid g^land. — ^The parotid gland (gl. parotis) is the largest of the three 
salivary glands, varying in weight from half an ounce to an ounce. ItJiea. 
uppn the side of the face, immediately below and in front of tlie external ear. 
The main portion of the gland is superficial, somewhat flattened and quadri- 
lateral in form, and is.plaeed between the ramus of the mandible in front and 
the mastoid process and Sterno-mastoid muscle behind, overlapping, however, 
both boundaries. Above, it is limited by the zygoma ; it extends to 

about the level of a line joining the tip of the mastoid process to the angle 
of the jaw. The remainder of the gland is wedge-shaped, and extends deeply 
inwards towards the pharyngeal wall. 

The gland is enclosed within a capsule continuous with the deep cervical 
fascia ; the layer covering the outer surface is dense and closely adherent to 
the gland ; a portion of the fascia, attached to the styloid process and the 
angle of the mandible, is thickened to form the ■ liganm at 

which intervenes between the parotid and submaxillary glands. 
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Tiie~a«iertor .mJixfQ£>&, of the gland is moulded on the posterior border of the 
ramus of the mandible, clothed by the Internal pterygoid and Masseter muscles. 
The inner lip of the groove dips, fora short distance, between the two Pterygoid 
muscles, while the outer lip extends for some distance over the superficial surface 
of the Masseter ; a small jmrtiori of this lip immediately billow the zygoma is 
usually detached, and is named the ^i rotidis, o ^ 

The (riiter or superficial surface, slightl^dbufafed, is covered by the integu- 
ment, the superficial fiiscia containing tlie facial branches of the great auricular 
nerve and some small lymphatic glands, and the fascia which forms the capsule 
of tlie gland. 

The muer or deep su rface extends inwards by means of two proc’csses, one 
of which lies on the styloid process and the styloid group of muscles and 
projects under the mastoid process and Sterno-mastoid muscle ; tlie other is 
situated in front of the styloid process, and j)asses into thes posterior part of 
the glenoid fossa behind the ternporo-mandibular joint. The deep surface is 
in contact witli the internal and external carotid arteries, the internal jugular 
v(u'n, and the vagus and glosso-jiharyngcal nerves. 


Fig. 917. — The salivary glfinds. 



The anterior htfrder lies on the superficial surface of the Masseter ; the 
posterior abuts on tlie external auditory meatus and tlie mastoid process, and 
overlaps the anterior edge of the Sterno-mastoid. The superior border is in 
contact with the zygomatic arch, and the inferior overlaps the posterior belly 
of the Digastric. The inner border, at the junction of the anterior and inner 
surfaces, is separated from the pharyngeal wall by some loose connective 
tissue. 

w ithin fAe The external carotid artery lies at first on the 

deep ^rfaceVanu th^ii in the substance of the gland. The artery gives off 
its posterior auricular branch which emerges from the gland behind ; it then 
divides into its terminal branches, the internal maxillary and superficial 
temporal ; the former runs inwards behind the neck of the mandible ; the 
latter runs upwards across the zygoma and gives off its transverse facial 
branch which emerges from the front of the gland, ^npfirficial to. the 
arteries- are temporal and internal .maxillary, ,yeins, uniting to form the 
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vein ; in the lower part of the gland this vein splits into 
'ior ^visioAS. The aptedor division emerges from tJie gland 
to join thej^eial vein ;^^{fe'''p6stonbr "unites in the gland w'iih the posterior 
auricular to form the external jugular vein. Un^a.alilLmO£.^»supei^c^^^^ 
is the nftrvp. the branches of which emerge at tlie upper and anterior 

borders of tlie gland. Branches of the great auricular nerve pierce th(^ gland 
to join the facial, while the auriculo- temporal branch of the inferior maxillary 
nerve issues from the upper part of the gland. 

The duct of the parotid gland, or Stenson’s duct (ductus parotideus), 
is about t wo inchcs.apdL a half in length- It commences by numerous branches 
from the anterior part of the gland, crosses the Masseter muscle, and at its 
anterior bolder turns inwards nearly at a dght angle and passes into the 
substance of tJio Buccinator muscle, wliich it jiierces ; it then runs for a short 
disiance obliquely forwards between the Buccinator and mucous membrane of 
the mouth, and ojiens upon the inner surface of the cheek by a small orifice, 
opposite the se(?ond molar tooth of the upper jaw. While crossing the Masseter 
it receives tlic duct of soda pamtidis ; in this position it has the transvc'rse 
facial «artory above it and some branches of the facial nerve below it. 

* Structure. — The parotid duct is dense, its wall being of considerable tliiekness ; its 
canal is about the size of a crow-quill, but at its orifice on tiie inner aspect of the chw^k its 
lumen is greatly reduced in size. It JCOnsi§is„iof a thick external fibrous ppat which contains 
contractile fibres, and of an internal or mucous coat lined with sliort columnar eiiitliclium. 

Surface Form . — TIic direction of the duct corresponds to a line drawn across the face 
about a tingcr’s breadth l>cIow the zygoma — that is, from the lower margin of th(* concha 
to midway between the red margin of the upper lip jind the ala of the nose. 

VesseU and Nerves. — ^The arteries supjdying the })arotid gland are derived from the 
external carotid, and from theliranches given olf by that vessel in or near its sul)Htance. 
The, veins empty themselves into the external jugular, through some of its tributaries. The 
lymphatics terminate in the siipcriicial and deei> cervical glands, })as8ing in their course 
through two or three lymphatic glands, placed on the surface and in the suhstaiuje of the 
parotid. 'JChiaMervcs are derived from the plexus of the sympathetic on the (‘xtemal carotid 
artery, the facial, the auriculo-temporal, and the groat auricmlar nerves. It is probable that 
the branch from the auriculo- temporal nerve is derived from tlie glosso-pharyngeal througli 
.the otic ganglion. At all events, in some of the lower animals this has been proved 
experimentally to he the case. 


temp6ro-maxillary 
anterior andpoKtei 


Submaxillary gland. — Tlic submaxillary gland (gl. submaxillaris) is 
irregular in form and about the size of a walnut. A considerable part of it is 
situated in the submaxilhiry triangle, reaching forw ards to the anterior belly 
of tlie Digastric and backw'ards to the stylo-hyoid ligament, -which intervenes 
between it and the parotid gland. Above, it extends under cover of tlie body 
of the mandible ; below , it usually overlaps the intermediate tendon of the 
Digastric and the insertion of the Stylo hyoid, while from its deep surface a 
tongue-like rfeep extends forwards and inwards above the Mylo-hyoid 

muscle. 


Its superficial surface consists of an upper and a lower pai’t. The upper 
part is directed outwwds, and lies against tlie subinaxillary fossa on tlie inner 
surface of the body of the mandible. Tlie lower part is directed downwards 
and oulw’ards, and is covered by tlu^ skin, superficial fascia, Platysina, and 
decqi ccrvdcal fascia ; it. is crossed by the facial vein and by filaments of the 
facial nerve ; in contact with it, near the mandible, are the subinaxillary 
lymphatic glands. 

The deep surface is in relation with tlie Mylo-hyoid, Hyo-glossus, Stylo- 
glossus, Stylo-hyoid, and posterior belly of the Digastric ; in (umtact wit Ji it 
are the rnylo-hyoid nerve and the mylo-h^'bid and submental vessels. 

The facial artery is imbedded in a groove in the posterior border of the 
gland. 


The deep process of the gland extends forwards and inwards between the 
Mylo-hyoid below and externally, and the Hyo-glossus and Stylo-glossus 
' internally ; above it, is the lingual nerve * below it, the hypoglossal nerve 
and the ranine vein. ^ ^ 

The duct of the ‘ submaxillary gland, or Wharton’s duct (ductus 
submaxillaris) is about two inches in length, and its wall is much thinner 


than that of the parotid duct. It begins by numerous branches from the 
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deep surface of the gland, and runs forwards and inward^i between the Mylo- 
hyoid and the Hyo-glossus and Genio-hyo-glossus niiiseles, then between tJie 
sublingual gland and the Genio-hyo-glossus, and opens by a naiTOw orifice on 
the summit of a small papilla, at the side of the frenulum linguae. On the 
Hyo-glossus muscle it lies between the lingual and hypoglossal nerves, but at 
the anterior border of tlie museh^ it is crossed by tlie lingual nerve. 

Vessels and Nerves. — The. orfcriC'S siip)>lymg tlio submaxillary gland are branches of the 
facial and lingual. follow tlie course of Ihe arteries. The mrxifis are derived 

from the submaxillary ganglion, through which it rcceivo.s filaments from the cdiQida 
tympani of the facial and lingual branch of the inferior maxillary, sometimes fiom the 
mylo-hyoid branch of the inferior dental, and from the sympathetic. 

Subling’ual g’land. — The sublingual gland (gl. sublingualis) is the smallest 
of the salivary glands. It is situa1;ed bem^ath the mucous jnombrane of the 
door of the mouth, at the side of the frenulum linguas, in .cuntac^t with the 
inner surface of the lower jaw, close to the syinjiliysis. It is narrow, 
flattened, shaped somewhat like an almond, and w^eiglis about a drachm. It 
is in relation, above, with the mucous membrane ; below, with the Mylo-liyoid 
muscle ; in. front, w'itli the mandible, and its fellow” of tlu^ opposite side ; 
behind, with the deep part of the submaxillary gland ; and mternally, with 
tlie Genio-hyo-glossus, from which if is separated by the lingual nerve and 
Wharton’s duct. Its exeretory ducts (ducUi of Rivinufi) are from eight to 
twenty in number ; some join Wharton’s "(tu el ; others ojien separately into 
the mouth, on the (devated (jrest of mucous membrane ('plica sublingualis), 
caused by tlie projection of the gland, on either side of the frenulum lingua?. 
One or more join to form a tube, wduidi opens into the Whartonian duct : this 
is called the duct of Bartholin. * 

Vessels and Nerves. — The sublingual gland is sujiplied with blood from the sub- 
lingual and submental aj'terics. Its nerves are derived from the lingual, the (diorda 
tympani, and the sympathetic. 

Structure of the salivary glands. — The salivary glands are cpjiipound racemose glands, 
consisting of numerous.lobes, which are ma;dc up of smaller lobules, councci^ together by 
clebas^areolai' tissue, vcssvIm, an(l ducts. Each lobule consists of the ramiEcatiojia of a 
•'ungle jiuct, the..bjmichcs. terimnatiug in dilated ends or alveoli on which the capillaries 
aj:£.jfi«fi:i!>uted. The alveoli .arc enclosed by a basement-membrane, which is continuous 
wiUi the jpembrana propria of the duct. It })re.sentH a peculiar reticulated structure, 
and consists of a network of braiuiied and tiattened nucleated cells. 

The alveoli of the salivary glands arc of kinds, which difler in the appearance 
of their secreting colls, in tlieir size, and in the nature of their secretion. (1) The mucous 

Fig. 1)18. — A highly magnified section of the submaxillary gland of the dog, 
stained with carmine. (Kdlliker.) 



variety secretes a viscid fluid, which . contains mucin; (2) the serous variety secretes 
a thinner and more watery fluid. The sublingual gland consists of mucous, the parotid 
of serous alveoli. The submaxillary contains both mucous and serous alveoli, the latter, 
however, preponderating. , 

The^ :fielJsIin the rmia giis (flveoli are spheroidal in shape, glassy and trapspiarent. The 
nucleus is usually situated basemeati^meinhrane, and .flattened. The cells 

contain a, iQiUantity of mucinogen, to which their clear, transparent appearance is due. 
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In some alveoli are seen peculiar crescentic bodies, lying between the cells and the 
membrana propria. They are termed the cr e^nj^ gf or the demikmea of 

HeMcnhain (fig. 918), and are com}>osed ot polyhedral granular cells, which Heidenhain 
regards as young epithelial cells destined to supply the place of those salivary cells which 
have undergone disintegration. This view, however, is not accepted by Klein. 

ser^ alveoli the. cella almcfit. conipletclyJUl the cavJty^ savtbjBit ^there is. haidly 
an 3 ^ Knen perceptible; they contain granules imbedded in a closely reticulati^ protoplasm 

fiuctH *^re li pftd at their origins by epithelium which ditlers little from the 
pavement type. As the ducts enlarge, the epithelial cells change to the columnar type, 
and the part of the cell next the basement-membrane is finely striated. The lobules of the 
salivary glands are richly supplied with blood-vessels which form a dense network in tlie 
inter-alveolar spaces. Fine plexuses ot nerves are also found in the interlobular tissue. 
The nerve-librils pierce tlie basement-membrane of the alveoli, and end in branched varicose 
filaments between the secreting cells. In the hilus of the submaxillary gland there is a 
collection of nerve-cells termed Ltmglty s ganglion. 

Mucous glamls, — Besides the salivary glands ])roi)er, numerous other glands are found 
in the mouth. Many of these glands are found at the posterior part of the dorsum of the 
tongue, behind the circumvallate papillus and also along its margins as far forwards as the 


Fjo. 919. — Section of a serous salivary gland. 



apex. Others lie around and in the tonsil between its cr 3 pts, and large numbers arc 
present in the soft palate, the lips and cheeks. These glands are of the same structure as 
the larger salivfiry glands, and are of the mucous or mixed type. 

tiurfacA^ Form . — Hie orilice of the mouth is bounded by the lips, two thick, fleshy 
folds covered externally by integument and internally" by mucous membrane, and con- 
sisting of muscles, vessels, nerves, areolar tissue, and numerous small glands. The size 
of the orifice of the mouth varies considerably in different individuals, but seems to bear 
a close relation to the size and prominence of the teeth. Its corners usually correspond 
to the outer border of the canine feeth. In the Mongolian tribes, where the front 
teeth are large and inclined forward, the mouth is large ; and this, combined with the 
thick and everted lifis, which apiiear to be associated w"ith prominent teeth, gives to 
the >Jegro’8 face much of the iicculiarity by which it is characterised. The smaller teeth, 
and the slighter piominence of the alveolar arch of the more highly civilised races, 
render the orifice of the mouth much smaller, and thus a small mouth is an indication of 
intelligence, and is regarded as an evidence of the higher civilisation of the individual. 

L-pon looking into the mouth, the first thing to be noted is the tongue, the upper 
surface of w'hich will be seen occupying the floor of the cavity. This surface is convex, 
and is marked along the middle lino by a raphe, which divides it into two symmetrical 
portions. The anterior two-thirds are rough and studded with papillae ; the posterior 
third, smooth and tuberculated, is covered by numerous glands which project .from 
the .surface. Upon raising the tongue, the mucous membrane which invests its upper 
surface may be traced over its sides on to its under surface, from which it is reflected over 
the floor of the mouth on to the inner surface of the mandible, a part of which it covers. 
As it passes over the borders of the tongue it changes its character, becoming thin and 
smooth, and losing the papillfie which are to be seen on the upper surface. In the middle 
line the mucous membrane on the under surface of the tip of the tongue forms a distinct 
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fold, the frenulum Uruguoe, by which this organ is connected to the symphysis nienti. 
Occasionally it is found that this frenulum is rather shorter than natural, and, acting as 
a bridle, prevents the complete protrusion of the tongue. \Vhen tliis condition exis'ls and 
an attempt is made to protrude the organ, the tip will be seen to remain buried in tJie 
floor of the mouth, and the dorsum of the tongue is rendered very convex, and more or 
less extruded from the mouth ; at the same time a deep furrow will l>e noticed to appear in 
tlie middle line of the anterior part of the doi-sum. Sometimes, a little external to the 
frenulum, the ranine vein may be seen immediately beneath the mucous membrane. The 
corresponding artery, being more deeply placed, does not (;onie into view, nor can its 
pulsation be felt with t he Anger. On either side of the frenulum, in the floor of the moutli, 
is a longitudinal elevation or ridge, produced by the projection of the sublingual gland, 
which lies immediately beneath the mucous membrane. Close to the attachment of the 
frenulum to the tip of the tongue may be seen on eitliei* aide the slit-like orifice of 
Wharton's duct, into which a fine probe may be passed without much difliculty. In the 
middle line, botli of the upper and lower lip, small folds of mucous membrane i)nss 
from the lij) to the bone, constituting i\\Q Jr enula ; these are not so large as the frenulum 
lingujc. By jmlling outwards the angle of the mouth the mucous membrane lining the 
cheeks can be seen, and on it may be perceiv'ed a little papilla whi(fli inai-ks the position of 
the orifice of Stenson’s duct — the duct of tlie parotid gland. The exact position of the 
orifice of the duct is opposite the second molar tooth of tfie upper jaw'. The intro- 
duction of a probe into this duct is attended with considerable difliculty. 

At the back of the mouth is seen the isthmus of the fa ures^ oj , as it is popularly called, 
‘ the throat ’ : this is the s]iace between thf pillars of tlie fauces on either side, and is 
the means by which the mouth communicates with the pharynx. Above, it is bounded 
by the soft palate, the anterior surface of which is concave and (iovei-cd with mucous 
membrane which is continuous with that lining the roof of the mouth. Projecting 
do\\nv\ards from the middle of its lower border is a conical ])rojection, the uimla. On 
cither side of the isthmus of the fauces are the anterior and posterior pillars, formed by 
the l*alalo-glossus and Palato-pharyngeus muscles resj)ecjtively, coveied b^ mucous 
membrane. Between the two jiillars on either side is situated the tonsil. 

W^hen the mouth is wide ojicn a prominent tense told of mucous membrane may be 
seen and felt extending upwards and liackw'ards from the position of the fang of the last 
molar tooth to the ])ostcrior yiart of the hard yialate. This is caused by the pterygo- 
mandibular ligament which is attached by one extremity to the apex of the internal 
jiterygoid plate, and by the other to the posterior extremity of the mylo-hyoid ridge of 
the lower jaw'. It intervenes lietwcen the Buccinator and the Superior constrictor of the 
pharynx. The fang of the last molar tooth indicates the position of the lingual (gustatory) 
nerve, where it is easily accessible, and can with readiness lie divided in cases of cancer of the 
tongue (see page 1)20). On the inner side of the last molar tooth one can feel the hamular 
jirocess of the internal yiterygoid plate of the sphenoid bone, around w^hich the tendon of 
the Tensor palati jilays. About one-third of an inch in front of the hamular yirocess and 
tlie same distance directly inwards from the last molar tooth is the situation ol the 
opening of the posterior yialatine canal, througli which emerges the posterior or descending 
(lalatine branch of the internal maxillary artery, and one of the descending palatine 
nerves from Meckel's ganglion. The exact yiosition of the oyiening on the subject may be 
ascertained by driving a needle through the tissues of the yialate in this situation, when 
it will be at once felt to enter the canal. Tlic artery emerging from the opening runs 
forwai’ds in a groove in the bone, just internal to the alveolar bolder of the haid yiaiale, 
and may be w^ounded in the ojieration for the cure of cleft palate. Under these cii’cum- 
stances the yialatine canal may require plugging. By introducing the finger into the 
mouth the anterior border of the coronoid jirocess of the jaw^ caw be felt, and is esjiecially 
prominent when the jaw is dislocated. By throwing the head well back a considerable 
jiortion of the posterior wall of the pharynx may b5 .seen through the isthmus taucium, 
and on introducing the finger the anterior surface of the bodies of the upper cervical 
vertebrie may be felt immediately beneatli the thin muscular slratuni forming the wall of 
the pharynx. The finger can be hooked round the posterior border of the soft palate, and, 
by turning it forwards, the posterior nares, separated by the septum, can be felt, or the 
presence of any adenoid or other growths in the na8o-])harynx ascertained. 

Applied Anatomy — ^The jmrotid glands, and much less often the other salivary glands, 
arc liable to an acute infectious inflammation, known in the case of the parotid as mumps. 
The affected glands swell up, becoming tense, tender, and painful ; much pain is felt when 
swallowing or mastication is attempted, and salivation may or may not occur. The 
inflammation goes down after a few days ; suppuration in the affected glands is very rare. 

The Pharynx 

The-pharynx.is that part of the alimentary canal which is placed behind 
the nose^ mouth, and. larynx. It is a musculo-membranous tube, somewhat 
conic^ in fo rm^ with the base upwards, aridnETi^apex dowmwafds, extending 
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from the under surface of the skull to the level of tlie erieoid cartilage in front, 
and that of the sixth cervical vertebra behind. 

yho ca vity of the pharyAx (cavum pharyngis) is about fiye uiches in length, 
andnbroader in the transverse than in the antero-posterior diameter. Its 
greatest breadth is immediately below the base of the skull, where it projects 
on either side, behind the orifice of the Eustachian tube, as a recess termed 
tha qI pP narrowest point is at its termination in the 

(jDSophagus. JU; jfTSiited, above, by the body of the sphenoid and basilar 
process of the occipital bone ; if i« continuous with the oesophagus ; 

it is connected by loose areolar tissue with the (iervical portion of 
the verlebral (column, and ilui Longus colli and Rectus capitis anticus muscles ; 
azdeuarly, it is incomplete, and is attached in succession to the internal 
pterygoid plate, pterygo-mandibular ligament, mandible, tongue, hyoid bone, 
and thyroid a?id cricoid cartilages ; laterally, it is (ionnected to the styloid 
processes and their muscles, and is in contact with the common and internal 
carotid arteries, the internal jugular veins, and the glosso-pharyngeal, pneu- 
mogas trie, hypoglossal, and sympathetic nerves, and above with a small part 
of the Internal pterygoid muscles. communicate with it, 

viz. the tw’o posterior nares, th(^ tw^o Eustaciiian tubes, the mouth, the laiynx, 
and the cesophagus. The cavity of the pharynx may be subdivided from 
above dowmw’^ards into three parts : rig-Ml^-Qral, and laryngeal (fig. 899). 

The wuaml^part, or naso-pliarynx (pars nasalis), lies behind the nose and 
above the level of the soft palate : it differs from the two lower parts of the 
tube in that its cavity ahvays remains patent. In front it communicates 
through the choanje with the nasal fossae. On its lateral wall is the pharyniyeal 
orifice of the Eustachian tube (ostium pharyngeum tubae), somewhat triangular 
in sliape, and bounded behind by a firm prominencci, the cushion (torus 
tubarius) , caused by the inner extremity of the (iartilage of the tube w hich 
elevates the mucous membrane. A vertical fold of mucous membrane, the 
plica salpingopharyngm, stretches from the lower part of the cushion ; 
it contains the Salpingo-j)haryngeus muscle. A second and smaller fold, 
the plica salpingopalathui, stretches from the upper part of the cushion 
to the j)alate. Behind the orifi(?e of the Eustacliian tube is a deep recess, 
the fossa of Roscnmilller (rccessus pharyngems), which represents the remains 
of tlie upp(»r part of the second visceral cleft. On the posterior wall is 
a prominence, best marked in childhood, produced by a mass of lymphoid 
tissiKi, which is known as the ph arjp t^eal Unisil (tonsilla pharyngea). Above 
the pharyngeal tonsil, in the niidSIe nne^,"¥frtTregular flask-shaped depression 
of the mucous membrane is sotnetimes seen extending up as far as the basilar 
process of the occipital bone. It is known as tlie bursa pharyngea, and w as 
regarded by Luschka as the remains of the diverticulum which is concerned 

in the development of the an- 
terior lobe of the jiituitary 
body. Some anatomists believe 
it to be connected with the 
formation of the pharyngt'.al 
tonsil. 

The oral part (pars oralis) 
reaches from the soft palate to 
the level of the hyoid bone. 
It ojiens anteriorly, through 
the isthmus faucium, into the 
mouth, while in its lateral wall, 
between the two pillars of the 
fauces, is tlie tonsil. 

The tonsils (tonsillae xiala- 
tinse) are two prominent bodies 
situated one on either side 
between the anterior and pos- 
terior pillars of the fauces. 
They are of a rounded form, and vary considerably in size in different 
individuals. A recess, thefojs^a su^atonsUlaris, may be seen, directed upwards 
and backw^ards, above the tonsil. His regards this as the remains of the low er 


Fig, 920. — Section of tonsil. 
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part of the second visceral cleft. It is covered by a fold of mucous membrane 
termed the plica triangularis. Externally tbp tonsil is in^rj^tiou with the inner 
surface of tlie Supcjrior constrictor" to the outer side of wliicli are the ascending 
palatine and tonsillar arteries and tlie Internal pterygoid inusch^. The 
internal carotid artery lies bcliind and to the outer side of the tonsil, and 
nearly an inch (twenty to twenty-five millimetres) distant from it. Tlie outer 
surface of the tonsil corresponds in position to the angle of tlie mandible. Its 
inner surface presents from twelve to fifteen orifices, leading into small crypts 
or recesses, from which numerous follicles branch out into the substance of 
the gland (fig. 920). These follicl(‘S are lined by a (^ontinua1ion of the mucous 
membrane of tlie pharynx, covcin'd with epithelium ; around (?ach follicle is a 
layer of closed (lapsules consisting of adenoid tissue imbedded in the sub- 
mucous tissue. Surrounding each follich^ is a close plexus of lym})hali(^s, from 
which the lymphatic; vessels pass to the deej) cervical glands in the neighbour- 
hood of the greater cornu of the hyoid bone, behind andbelow^ the angl(M)f the 
mandible ; these glands frequently be(;ome enlarged in atTections of the tonsils. 

The tonsils form part of a circular band of adenoid tissue which guards 
the opening into the digestive and respiratory tubes. The anterior part of 
the ring is formed by the submucous adenoid collections on the posterior [)art 
of the tongue ; the lateral portions consist of the tonsils and the adenoid 
i;oll(;cti()ns in the vicinity of the Eustachian tubes, while the ring is completed 
behind by the j)haryngcal tonsil on the postcirior w^all of the pharynx. In the 
intervals between th(:S(; main masses are smaller collections of adenoid tissue. 

VeBsels and Nerves. - The arteries supplying the tonsil arc the dorsalis linguic from the 
lingua], Ihe ascending palatine and tonsillar from the fa(;ial, the ascending pharyngeal from 
the external carotid, the descending palatine braiu;h of the internal maxiifkry, and a 
twig from the small meningeal. 

Ilie veins terminate in the tonsillar jdexus, on the outer side of the tonsil. 

The nerves are derived from Afeckers ganglion, and from ilie glosso-pharyngeal. 

Applied Arutlomy.- The tonsils (;an be easily inspected by instructing the patient to 
throw the head back and open his mouth widely ; the tongue at the same time being 
dej)reHS(;d by a spatula or tongue-doyiressor. The normal tonsil sliould not project beyond 
the plane of the anterior pillar of the lauces. I'hey are piono to become enlarged, 
esjiecially in luberoulous children ; and when much increased in size they cause great 
trouble, owing to obstruction to respii-ation and deglutition. The tonsils may be ihe 
seat of acute inflammation, wliieh may run on to suppuration, requiring evacuation of the 
pus. The incision into the tonsil should always be made from in front liackwards and 
inwards. Another form of acute inflammation of the tonsil is follicular tonsillitis, due to 
the lodgment of micro-organisms in the crypts of the tonsil. The removal of an enlarged 
tonsil is, as a rule, a very simple oiieration, and is not. usually attended with much hapinor- 
rhage, unle.ss the patient, is sutfering frojii hsemojhilia. The tonsil may be the seat of 
malignant growdh, either an epithelioma or a lymphosarcoma. 

Th(; laryvqeal part of the jjluirynx (pars laryngca) rpacli(;s from the liA'^oid 
bone to the lower border of the cricoid cartilage, wduin; it is (;onlinuous with 
the tesophagus. In front it prestml-s tlie triangular aperture of the larynx, 
tlie base of wiiicb is dire(;ted forw ards and is formed by the epiglottis, wdiile 
its lateral boundaries are <*onstituted by tju; aryteno-opiglott ie folds. On 
either side of the laryngeal orifice is a recess, termed tlie sinus pyriformls ; 
it is bounded irrternall 3 ’ by the arytono-epiglottic fold, externally by the 
thyroid cartilage and thyro-hyoid membrane. 

Structure. — ^The pharynx is comjiosed of three coats : mucous, fibrous, and muscular. 

T[\etphary7igeal a^KmeurosiSf OT Jihrovs between the mucous and muscular 
layers. It is thick above where the muscular fibres are wanting, and is linnl}^ con- 
nected to the basilai* process of the ocjcipilal and petrous portions of the temporal bones. 
As it descends it diminislics in thicikness, and is gradually lost. It is sirengtliened 
posteriorly by a strong fibrous band, whii^h is attached above to the pharyngeal s])ine on 
the under surface of the basilar portion of the occipital bone, and passes downwards, forming 
a median rapho, which gives attachment to the Constrictor muscles of the pharynx. 

The mucous coat is continuous with that lining the Kustachian tubes, the nasal fosste, the 
mouth, and the larynx. In the naso-pharynx it is covered b}^ columnar ciliated epithelium ; 
in the buccal and laryngeal portions the epithelium is stratj/ied. Beneath the mucous 
membrane are found racemose mucous glan^ ; they ore especially numerous at the upper 
part of the pharynx around the orifices of the Eustachian tubes. 

The muscular coat has been already described (pages 482 to 484). 
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Applied. ^nrttowy.-7-Hypertrophy of the lymphatic tissue in the naso-phaiynx, com- 
monly known as ‘ adenoids/ is a frequent cause of mouth- breathing and all its attendant 
disadvantages and dangers in children. It entails a proneness to inilammation of all 
parts of the air- passages and of the Eustachian tubes, and leads to deformed development 
of the palate and dental arch. In many cases adenoids tend to atrophy about the age of 
puberty, by which time their presence is likely to have caused permanent injui’y to the 
health and development of the patient. No certain remedy for adenoids exists excepting 
operation. ^ 

The pharynx is sometimes the seat of a pouch-like dilatation of its walls, in which 
the food collects when the patient swallows. A cure is eflected by removing the diverti- 
culum and accurately suturing the opening in the pharynx which has been made. The 
internal carotid artery is in close I'elation with the pharynx, so that its pulsations can be 
felt through the mouth. It has been occasionally wounded l)y sharp-pointed instiuments, 
introduced into the mouth and thrust through the wall of the pharynx. In aneur3r8m of 
this vessel in the ne(;k, the tumour necessarily bulges into the pharynx, as this is the 
direction in which it meets with the least resistance, nothing lying between the vessel and 
the mucous ineiril)rane except the thin Constrictor muscle, whereas on the outer side there 
are the dense cervical fascia, the muscles descending fiom the styloid process, and the 
margin of the Sterno-mastoid. 

The mucous membrane of the pharynx is very vascular, and is often the seat of 
inflammation, frequently of a septic; diaracter, since the numerous recesses are prone to 
lodge micro-organisms. And, in addition, owing to its exposed situation, the mucous 
membrane is liable to be irritated by agents introduced during inspiration. The inflam- 
mation may be attended with serious conse^]uences : it may extend uj) the Eustachian 
tube and involve the middle ear ; it may sjiread to the entrance of the larynx, causing 
oedema and seriously interfering with resjuration ; or, invading the lymphatics, it may- 
spread to the loose areolar tissue surromiding the pharyngeal wall, and may extend far 
and wide, sometimes into the ]>osterior mediastinum along the msophagus. Abs(;e8s may 
form in thq connective tissue behind the })harynx, between it and the vertebral column, 
constituting what is known as retro-pharyngcal abftcess. Tliis is most commonly due to 
caries of the cervical vertebra* ; but may also be caused by supjniration of a lymphatic 
gland, which is situated in this position opposite the axis, and which receives lymphatics 
from the nasal fossa* ; by a gumma ; or by acute pharyngitis. In these cases the pus may 
be easily evacuated by incision with a guarded bistoury, through the mouth, but, for 
aseptic reasons, it is desirable that the abscess should be opened from the neck. In some 
instances this is jierfectly easy : tlie abscess can be felt bulging at the side of the neck, 
'and merely requii'es an incision for its relief; but this is not always so, and then an 
incision should be made along the posterior border of the Sterno- mastoid and the deep 
fascia divided. A direc^tor is now to be inserted into the wound, the forefinger of the left 
hand being introduced into the mouth and pressure made upon the swelling. 'Jliis acts 
as a guide, and the director is to be pushed onwards until pus appears in the groove. A 
pair of sinus forcejis is now inserted along the director and the opening into the cavity 
dilated. 

Abscess also occurs in children, underneath the mucous membrane, between it and 
the pharyngeal aponeurosis. The condition usually arises from a peritonsillar inflammation, 
w'hich spreads backwards. In some cases an enormous swelling may form, which })ushcs 
forwards the soft palate and gives rise to res])iratory obstruction. In such the abscess 
should be opened through the mouth with the child in the inverted j)08ition, so as to prevent 
the first gush of pus from entering the sujierior opening of the larynx. 

Foreign bodies not infrequently become lodged in the pharynx, and most usually at 
its termination at about the level of the cricoid cartilage, just beyond the reach of the 
linger, as the distance from the arch of the teeth to the commencement of the (nsof)hagus 
is about six inches. 


The (Esophagus 

The oesophagus, or g^ullet, is a muscular canal, about nine or ten inches 
in length, extending from the pharynx to the stomach. It commences at the 
^tipper border of the cricoid cartilage, opposite the sixth eervicaj vertebra, 
descends along the front of the vertebral column, through tlifd jpfesterior 
mediastinum, passes through the Diaphragm, and, entering the Abdomen, 
terminates at tlie cardiac orifice of the stomach, opposite the eleventh thoracic 
vertebra. I'iie general direction of the oesophagus is vertical ; but it presents 
two slight curves in its course. At its commencement it is placed in the 
median line ; but it inclines to the left side as far as the root of the neck, 
gradually passes to the middle line again at the level of the fifth thoracic 
vertebra, and finally deviates to the left as it ps^sses forwards to the 
oesopliageal opening of the Diaphragm. The oesophagus also presents antero* 
posterior flexures corresponding to the curvatures of the cervical and thoracic 
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portions of the vertebral column. It is the narrowest part of the alimentary 
canal, and is most contracted at its commencement, and at the point where 
it passes through the Diaphragm. 

Relations.— The cervical portion (pars cervicalis) of tlie oesophagus is in 
relation, in frouty with tlie trachea ; and at the lower part of the neck, where 
it projects to the left side, with the thyroid gland ; hehivdy it rests upon the 
vertebral column and Longus colli muscles ; on either side it is in relation \\ ith 
the common carotid artery (especially the left, as it inclines to that sid(*.), and 
part of the lateral lobe of the thyroid gland ; the recurrent laryngeal nerves 
ascend between it and the trachea ; to its left side is the thoracic duc*t. 

The thoracic portion (pars thoracalis) of the oesophagus is at first situated a 
little to the left of the median line ; it passes behind the aortic arch, separated 
from it by the trachea, and descends in the posterior mediastinum, along the 
right side of tht^ aorta, then runs in front and a little to the left of the aorta, 
and enters the abdomen through the Diaphragm at th(' level of the tenth 
thoracic vertebra. Just before it perforates the Diaphragm it presents a distiniit 
dilatation or bulb. It is in relation, in fronty with the trachea, the left bronchus, 
tUeipcrioai’diura, and the Diaphragm ; behindy it rests upon the vertebral column, 
tlici Longus colli muscles, the right intercostal arteries, the thoracuc. duct, and 
^azygos’jiuiior veins ; and below, near the Diaphragm, upon the front of tiie 
aorta. On its left side, in tlie superior mediastinuin, are the terminal part 
of the an^h of the aorta, the left subedavian artery, the thoracic duct, and 
left pleura, while rurming upwards in the angle between it and the tracliea is 
tlie left, recurrent laryngeal nerve : below, it is in relation with the descending 
tlioracic/ laor^a. ()n its right side are the riglit pleura, and tlie vena azygos 
major which it overlaps. jThc pneiifnotoati?^^ nerves descend in clQpe (jontact 
with it, the right nerve passing down A)ehind, and the hdt nerve in front of 
it ; the two nerv(‘S uniting to form a plexus (tlie plexus gulm) around the tube. 

In the lower part of the posterior mediastinum the thoi'acic du(;t lies to 
the right side of the msophagus ; higher uji, it is pla(;ed behind it, and, crossing 
about* the level of the fourth thoracic vertebra, is continued upwards on its 
left side. 

The abdominal portion (pars abdominalis) of the ncsojihagus lies in the* 
cesophageal groove on the 

posterior surface of tlie left Fio. 021.— Section of ooso})hagns 

lobe of the liver. It measur(*s 


about half an inch in length, 
and its front and left aspects 
only are covered by peritoneal 
membrane. It is somewhat 
conical with its base applh^d to 
the upper orifice of the stoma(!h, 
and is known as the antrum 
cardiacum. 

Structure (fig. 021). — llie (eso- 
phagus has three coats: an external 
or muscular ; a middle or areolar ; and 
an internal or muc<)|as coat. 

The muscular cxxii is composed of 
two planes of considerable thickness : 
an external longitudinal and an 
interna] circular. 

The longitudinal fibres arc arranged, 
at the commencement of the tube, in 
three fasciculi ; one in front, which 
is attached to the vertical ridge on 
the posterior surface of the cricoid 
cartilage; and one at either side, 
which is continuous with the muscular 




fibres of the pharynx : as they descend they blend together, and form a uniform layer, 
which covers the outer surface of the tube. 


Accessory slips of muscular fibres pass between the oesophagus and the left ])leura, 
where the latter oovers the thoracic aorta, or the root of the left bronchus, or the back 
of the pericardium. 
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- The circvhr fibres are continuous above with the Inferior constrictor ; their direction 
is transverse at the upper •and lower parts of the tube, but oblique in the central part. 

The muscular fibres in the upper part of the oesophagus are of a red colour, and consist 
chiefly of the striped variety ; but below, they consist for the most part of involuntary fibres. 

The are^)lar or suhmticous coat connects loosely the mucous and muscular coats. 

The mucous coat is thick, of a i*eddish colour above, and pale below. It is disposed in 
longitudinal folds, which disappear on distension of the tube. Its surface is studded with 
minute papillfe, and it is covered throughout with a thick layer of stratified pavement 
epithelium. Beneath the mucous membrane, between it. and the areolar coat, is a layer of 
longitudinally arranged non-striped muscular fibres. This is the musetUaris mucosw. At 
the commencement of the msopliagus it is absent, or only I’epresentcd by a few scattered 
bundles ; lower down it forms a considerable stratum. 

Tlic (jnsnphageal glands are small compound racemose glands of the mucous type; 
they arc lodged iti the submucous tissue, and ^ch opens upon the surface by a long 
excretory duct. 

Vessels and Nerves. — The arteries supplying the cesophagus are derived from the 
inferior thyroid branch of the thyroid axis of the subclavian, from the descending thoracic 
aorta, from the gastric branch of the cceliae axis, and from the left inl’crior phrenic of the 
abdominal aorta. They have for the most part a longitudinal direction. 

Tlie nerves are derived fixun the pneumogaslric and trom the sympathetic ; they form 
a plexus, in which arc groups of ganglion-cells, between tlie two layers of the muscular 
coats, and also a second plexus in the submucous tissue. 

Applied Anatomg . — The aisophagus may be obstructed by foi-eign bodies, and also 
by changes in its coats producing stricture, or by pressure on it from without of new 
gi’owths or aneurysm, &c. The different forms of stricture are: (1) the fibrous, due to 
cicatrisation following destruction of tissue, the result of swallowing boiling or corrosive 
fluids — here dilatation of the stricture may be carried out ; and (2) malignant, usually 
epitheliomatous in ils nature. Tliis may be situated eitlier at the upper end of the 
tube, opposite the cricoid cartilage, or at its lower end at the cardiac orifice, but is most 
commonly found at that part of the tube where it is crossed by the left bronclius. In 
those cases, if the patient is losing weight from insufficient nourishment, the operation of 
gastrostomy may be performed in order to avoid death from starvation ; death, however, 
most commonly occurs from ulceration of the growth into the mediastinum oi’ air-passages. 
Ilf cases of stricture of the oesophagus it. may Iw? necessary to dilate the canal by a bougie, 
when it is of importance that the direction of the tt'sojihaguR and its relations to 
surrounding j^arts should be rernembered. In cases of malignant disease of the 
cesb'phagus, v\here its tissues have become softened from inliltration of the growth, the 
greatest (iare is requisite in directing the bougie through the 8tri(!tured part, as a false 
passage may easily l)e made, and the instrument may pass into the mediastinum or into 
one or other ])leiiral cavity, or even into the ])crieai’dium. 

In cases of obstruction of the oesophagus, and consequent symptoms of stricture, 
produced by an aneurysm of some part of the aorta pressing upon this tube, the passage 
of a bougie could only hasten the fatal issue. 

In passing a bougie the left forelinger should be introduced into the mouth, and the 
epiglottis felt for, care being taken not to throw the head too far backwards. The bougie 
is then to be passed beyond the finger until it touches the posterioj* wall of the pharynx. 
The patient is now asked to .swallow, and at the moment of swallowing the bougie is passed 
gently onwards, all violence ’being carefully avoided. 

It occasionally liapjiens that a foreign body becomes im])acted in the craophagus, which 
can neither lie brought^upwards nor moved dowmwards. When all ordinary means for its 
removal have failed, excision is the only r^ource. This, of course, can only be performed 
when it is not very low down. If the foreign body is allowed to remain, extensive inflam- 
mation and ulceration of the oasophagus may dhsue. In one case the foreign body 
ultimately penetrated the intervertebral gflibstance, and destroyed life by inflammation of 
the membranes and substance of the cord. . 

THE ABDOMEN 

The abdomen is the largest cavity in the body. It is of an oval shape, 
the extremitit^s of the oval being directed upw^ards and downw'ards. The 
upper extremity is formed by the Diaphragm which extends as a dome over 
the abdomen, so that the cavity extends high into the bony thorax, reaching 
on the right side, in the nipple line, to the upper border of the fifth rib ; on 
the left side it falls' below. this level by about an inch. The lower extremity is 
formed by the structures which clothe the inner surface of the bony pelvis, 
principally the Levatorbs ani and Coccygei muscles on either side. These 
muscles are sometimes termed the Diavhraam of the pelvis . The cavity is 
wider above than below, and measures more in the vertical than in the 



THE ABDOMEIf iW'' 

transverse diameter. Iii order to facilitate description, it is artificially 
divided into two parts : an upper and larger part, the abdomen proper ; and 
a lower and smaller part, the pelvis. These two cavities ai*e not separated 
from each other, but the limit between them is marked by the brim of the 
true pelvis. 

The abdomen proper differs from the other great cavities of the body in 
being bounded for the most part by muscles and fasciae, so that it can vary in 
capacity and shape according to the condition of the viscera wliich it contains ; 
but, in addition to this, the abdomen varies in form and extent with age and 
sex. In the adult male, with moderate distension of the viscera, it is oval or 
barrel-shaped, but at the same time flattened from before backwards. In the 
adult female, with a fully developed pedvis, it. is conical with the apex above, 
and in young children it is conical witli the apex below. 

It is bounded in front and at the sides by the lower ribs, the abdominal 
muscles, and tlic iliac fossae ; behind by the vertebral column and the Psoas 
and Quadratus lumborurn muscles ; above by tl^o Diaphragm ; below by the 
plane of the brim of the jjclvis. The muscles forming the boimdari(\s of 
the cavity are lined upon their inner surfaces by a layer of fascia, diffenmtly 
named according to tlic part it covers. 

Tlu^ abdomen contains the greater part of the alimentary canal ; some of 
tji(‘ atMJcssory organs to digestion, viz. the liver and pancreas ; the spleen, the 
kidneys, and suprarenal glands. Most of these structures, as wadi as the 
wall of tlic cavity in wdiich tlu^y are contained, are more or less covered by an 
extensive and complicated serous membrane, the peritonemn. 

The apertures found in the walls of the abdomen, for the transmission of 
stru(;tures to or from it, are, the nmhilicus (in the ftetus), for the trai\pmission 
of the umbilical vtissels ; the caval opening in tlic Diaphragm, for the trans- 
mission of the inferior vena cava ; tlie aortic opening, for the^oassage of the 
aoi’ta, vena azygos major, and thoracic duct ; and the oesophageal opening, for 
the oesophagus and pneumogastric nerves. Below, there arc two apertures orw 
either side : one for the passage of the femoral vessels, and the other for tlie 
transmission of the sjjcrmatic (5ord in the male, and the round ligament in the 
femal(‘. 

Rf ^g-jons. — For convenience of dcs(;riptioii of the viscera, as well as of 
refermujo to the morbid conditions of the contained parts, IIhj abdomen is 
artificially divided into nine n^gions by imaginary planes, two horizontal and 
two sagittal, passing through the ca>ity, the ed^es of the ])lanes being indicincd 
by lines drawn on the surface of the body. Of the horizontal planes the upper 
or infracostal is indicat(?d by a line encircling th(^ body at the levti of the 
lowest points of the tenth costal cartilages, the lower by a line eanied I'ound 
the trunk at the level of the highest points of the ilifu^ crests as seen from the 
fi'ont. The latter is the inter tuhircular plane of ('unningham, who has ])ointed 
out* that its h^vel corresponds with the prominent canrl easily dtiined tubercle 
on the ilia(t crest about twn inches behind the anteiior suf)erior iliac sj)ine. 
By means of these imaginary planes the abdomen is divided into three zones, 
wiiicli are named from above downwards th(‘ subcostal, umbilical, and hypo- 
gastric zones. Each of these is further subdWid<?d into three regions by the 
two sagittal planes, which are indicated on the surface by lines drawn vertically 
through points hatfway between the anterior sup(uior iliac spines and the 
symphysis pubis. t 

The middle region of the uy)per zone is called the epigastric ; and the tw o 
lateral regions, tlie right and left hypochondriac. The central region of the 

* Journal of Anatomy and Phy»ioloyy, voJ. .xwii. 

t Anatonvistis are far from agreed as to the best nu'thod of subdividing the abdominal 
cavity, but that given above is tlic one whieh is generally adopted in this country. Addison,* 
in a careful analysis of the abdominal viscera in a largp number of subjects, adopts the 
following lines : (1) a median, from the synmhy.sis pubis to the ensiform cartilage; (2) two 
lateral lines each drawn vertically through a point midway between the anterior superior iliac 
spine and the symphysis pubis ; (3) an upper transverse line lialfway between the symphysis 
pubis and the suprasternal notch ; and (4) a lower transvcrt>e line midway between the lasr. 
and the upper border of the symjihysis pubis. The u])per transvcr.se line corresponds with 
what he lias termed the iranttpylirrio plane, from the fact that in most cases this plane cuts 
through the pylorus. 

' Journal of Atuitomy and Physiology, volfl. xxxiil., xxxiv., xxxv. 
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the two lateral regions, the right and left 
lumhar. The middle region of the low^er zone is the hypogastric or pvbic 
region \ and the lateral 'regions are the right and left iliac or ivjguinal ^fig. 922J, 
The pelvis is that portion of the abdominal cavity which lies below and 
behind a plane passing through the promontory of the sacrum, the ilio-pectineal 
lines, and the pubic crests. It is bounded behind by the sacrum, coccyx, 
P3niformis muscles, and the sacro-sciatic ligaments ; in front and laterally by 
the pubes and ischia and Obturator internus muscles ; above it communicates 
with the abdomen proper ; below it is dosed by the Lcvatores ani and Coccygei 
muscles and the triangular ligament. The pelvis contains the bladder, the 
pelvic colon, a few cods of the small intestine, and some of the generative 
organs. 

When the anterior abdominal wall is removed, the viscera are partly 
exposed as follows : above and to the right side is the liver, situated chiefly 
under the shelter of the right ribs and their cartilages, but (^xtending across 
the middle line and reaching for some distance below the level of tlie ensiform 
cartilage. To the left of the liver is the stomach, from the lower border of 
which an apron-like fold of peritoneum, the great omentum, descends for a 
varying distance, and obscures, to a greater or lesser extent, the other viscera. 
Below it, however, some of the coils of the small intestiiw) can generally be 
seen, while in the right and h^ft iliac; regions respectively the caecum and the 
iliac colon are partly exposed. The bladder occupies the anterior part of 
tlie pelvis, and, if distended, will project above the symphysis pubis ; the 
rectum lies in the concavity of the sacrum, but is usually obscured by the coils 
of the small intestine. The i)elvic colon lies between the rectum and the 
bladder. , 

If the stomach is followed from loft to right it will be found to be continuous 
with the first part of the small intestine, or duodenum, the point of continuity 
being marked by a thickened ring which indicates the position of the pyloric 
valve. The duodenum passes towards the under surface of the liver, and 
then, curving downwards, is lost to sight. If, however, the great omentum be 
tlirown upwards over the chest, the terminal part of the duodenum will be 
observed passing across tlic vertebral column towards the left side, whcire it 
becomes continuous with the (ioils of the jejunum and ileum. These nuuisure 
some twenty feet in length, and if followed downwards will bo seen to end in 
the right iliac fossa by opening into the caecum or commencement of the large 
intestine. From the catjcum the large intestine takers an arched course, passing 
at first upwards on the right side, then across the middle lint^ and downwards 
on the left side, and forming respectively the ascending, transverse, and 
d(\scending parts of the colon. In the left iliac region and pelvis it assumes 
tlie form of a loop, the ilio-pelvic colon or sigmoid flexure, and terminates in 
the rectum. 

TJie spleen lies behind tlie stomach in the left hypochondriac region, and 
may be in part exposed by pulling the stomach over towwds the right side. 

The glistening appearance of the deep surface of the abdominal wall and 
of the exposed visc^era is due to the fact that the former is lined, and the latter 
more or less completely covered, by a serous membrane, the peritoneum, 

• The Peritoneum 

The peritoneum is the largest serous membrane in the body, and consists, « 
in the male, of a closed sac, a part of wdiich is applied against the abdominal 
parietes, while the remainder is reflected over the contained viscera. In the 
female the peritoneum is not a closed s^c, since the free extremities of the 
Fallopian tubes open directly into the peritoneal cavity. The part 
which lines the parietes is named the parietal portion of the peritoneum ; 
that which is reflected over the contained viscera constitutes the visceral 
portion of the peritoneum. The free surface of the membrane is smooth, 
covered by a layer of flattened endothelium, and lubricated by a small quantity 
of* serous fluid. Hence the viscera can glide freely against the wall of tlie 
cavity or upon one another with the least possible amount of friction. The 
attached surface is rough, being connected to the viscera and inner surface of 
the pafrietes by means of areolar tissue, termed the svhserous areolar tissue, 

, -y* 4 c 


middle zone is the umbilical : 
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The parietal portion is loosely connected with the fascial lining of the aMnnen 
and pelv'is, but is n^^re closely adherent to the under surface of the Diaphl^m 
and also in the middle line of the abdomen. 

The space between the parietal and visceral layers of the peritoneum is 
named the peritoneal cavity ; but it must be remembered that under normal 
conditions this cavity is a potential one, since the parieta,! and visceral layers 
are in contact. The peritoneal ‘ca\ity’ is subdivided into a greater and a 
lesser sac, which communicate tlirough the foramen of Winslow (foramen 
epiploicum). The greater sac isx opened when the abdominal wall is cut 
through ; the lesser is situated behind the stomach and adjoining structures, 
and may be regarded as a diverticulum from the greater sac. 

The peritoneum differs from tlio other serous membranes of the body in 
presenting a mucli more complex arrangement, and one which can only bo 
clearly understood by following tlie changes w]ii(*h take place in the alimentary 


Fig. 923. — ^Vertical disposition of the pentoneiira. 



canal during its development ; the student therefore is advised to preface his 
study of the peritoneum by reviewing the chapter dealing with this subject 
in the section on Embryology (page 150). 

To trace the membrane from one visems to another, and from the viscera 
to the parietes, it is necessary to follow' its continuity in the vertical and 
liorizontal directions, and it will be found simpler to describe the two sacs 
separately. 

Vertical disposition of the greater sac (fig. 923). — It is convenient to 
trace' tlie great t'l* sac from the back of the abdominal w^all at the level of the 
umbilif'us. On foUow^ing the peritoneum upwards from this level it is seen to 
be reflected around a fibrous cord, the Ugamvntum teres, or obliterated umbilical 
vein, which reaches from the umbilicus to the under surface of the liver. This 
reflection forms a somewdiat triangular fold, the falciform or suspensory 
ligament of the litter, attaching the upper and anterior surfaces of the liver to 
the Diaphragm and abdominal waU. With the exception of the line of 
attachment of this ligament the peritoneum covers the whole of the under 
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of the anterior part of the Diaphragm, and is continued from it on to 
the %ppor surface of the right lobe oi the liver as the superior layer of the 
coronary ligament^ and on to the upper surface of the left lobe as the superior 
layer of the left lateral ligament of the liver. Covering the upper and anterior 
surfaces of the liver, it is continued round its sharp margin on to the 
under surface, where it presents the following relations ; (a) It covers 
the under surface of the right lobe and is reflected from the back part of this 
on to the upper extremity of the right kidney, forming in this situation the 
inferior layer oj the coronary ligament; from the kidney it is carried dow ii- 
wards to the duodenum and hepatic flexure of tlie colon and inwards to 
the inferior vena cava, where it is continuous with the postenorwall of the 
lesser sac. Between the two layers of the cofbnary ligament tlicre is a 
large tiiangular surface of the liver devoid of peritoneal covering this 


Fkj. 924. — Posterior view of the anterior abdomimfl wall m its loi^ er half. The fieri toneum 
ifl m place, and the various cords are shining thiough. ( \ftci Joessel.) 



is named the bare area of the liver, and is attached to tlie Diaphiagni by 
areolar tissue. Tow aids tlie right margin of the liver the two layeis of 
the coronary ligament giadually appioach each other, and ultimately fuse 
to form a small triangular fold connecting the right lobe of the liver to 
the Dia{)hragm, and named the right lateral ligament of the livei. The 
^apox of the triangular bare area corresponds with the point of meeting 
of the two layers of the coronary ligament, its base with the fossa for the 
inferior vena cava, (b) It covers the low^r surface of the (juadrate lobe, the 
under and lateral surfaces of the gall-bladder, and the Tinder surface and 
posterior border of the left lobe ; it is then reflected from the upper surface 
of the liver to the Diaphragm as the inferior layer of the left lateral ligament^ 
and from the transverse fissure and fissure for the duetus venosus to the 
lesser curvature of the stomach as the anterior layei of the gastro-hepaticy or 

4o2 
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small, omentum. If this layer of the small omentum be followed to thib right 
it will be found to turn round the hepatic artery, bile-duct, and portal vein, 
and become continuous with the anterior wall of the lesser sac, forming a free 
folded edge of peritoneum. Traced downwards, it covers the antero-superior 
surface of the stomach and the commencement of the duodenum, and is carried 
down from the greater curvature of the stomach into a large free fold, known 
as the gastro-colic or great omentum. Reaching the free margin of this fold, it 
is reflected upwards to cover the under and posterior surfaces of the trans- 
verse colon, and thence to the posterior abdominal wall as the inferior layer 
of the transverse mesocolon. It readies tlie abdominal wall at the upper 
border of the third part of the duodenum, and is then carried down on the 
superior mescntericj vessels to the small intestine as the anterior layer of the 
mesentery. It encircles the intestine, and subsequently may be traced, as 
the posterior layer of the mesentery, upwards and backwards to the abdominal 
wall. From this it sweeps doMn over the aorta into the pelvis, where it 
invests the pelvic colon, its reduplication forming the pelvic mesocolon. 
Leaving first the sides and then the front of the rectum, it is reflected on to 
the base of the bladder and, after (iovering the upper surface of tliat viscus 
is carried along the uradius and obliterated hypogastric? arteries (fig. 924) 
on to the back of the abdominal wall to the level from which a start was made. 

Between the rectum and the bladder it forms, in the male, a pouch, the 
recto-vesical pouch, the bottom of wliicli is about the level of the middle of 
the vesiculfc seminales — i.c. about three inches from the orifice of the anus. 
When the bladder is distended, the peritoneum is (‘arried up with the 
expanded viscus so that a considerable part of the anterior surface of the latter 
lies directly against the abdominal wall w ithout the intervention of peritoneal 
membrane. In the female the peritoneum is reflected from the rectum on 
to the upper j)art of the posterior vaginal w^all, forming the recto-vaginal pouch 
or pouch of Douglas. It is continued over the posterior surface and fundus of 
the uterus on to its anterior surface, which it covers as far as the junction 
of the body and cervix uteri, and then to th(? bladder, forming here a second, 
but shallower, pouch, th<‘ utero-vesical pouch. It is also reflected from the 
sides of the uterus to the lateral w'alls of the pelvis as iw^o expanded folds, the 
broad ligaments of the uterus, in the free margin of each of w liich is the Fallopian 
tube. 

Vertical disposition of the lesser sac (fig. 923). -A start may be made 
in this case on the posterior abdominal w^all above the pancreas. From this 
region the peritoneum may be followed upw ards on to the inferior surface of 
the Diaphragm, and thence on to the Spigelian and caudate lobes of the liver 
to the fissure for the ductus venosus and the transverse fissure. Traced 
\aterally, it is continuous over the inferior vena cava with the posterior wall 
of the greater sac. From the liver it is carried downw ards to the lesser curva- 
ture of the stomach as the posterior layer of the gastro-hepatic omentum, 
and is continuous on the right, round the hepatic artery, bile-duct, and portal 
vein, wdth the greater sac. The posterior layer of the gastro-hepati(; omentum 
is carried dow n to the greater curvature of the stomach as a covering for the 
postero-inferior surface of tliis viscus, and from the greater curvature is 
continued dowmw^ards as the deep layer of tlie gastro-colic or great omentum. 
From the free margin of this fold it is reflected upw aids on itaelf to the anterior 
and superior surfaces of the transverse colon, and thence as the superior layer 
of the transverse meso-colon to the upper border of the third part of the 
duodenum, from which it may be follow^ed over the front of the pancreas to 
the level from which a start was made. It w ill be seen that the loop formed by 
the wall of tlie lesser sac below^ the transverse colon follows, and is closely 
applied to, the deep surface of that formed by the greater sac, and that the 
great omentum or large fold of peritoneum w^hich hangs in front of the small 
intestine therefore consists of four layers, tw'o anterior and tw'o posterior, 
separated by the potential cavity of the lesser sac. 

Horizontal disposition of the peritoneum. — Below the transverse 
colon the arrangement is simple, as it includes only the greater sac ; above 
the level of the transt^erse colon it is more complicated on account of the 
existence of the two sacs. Below the transverse colon it may be considered 
in the two regions, viz. in the pelvis and in the abdomen proper. 
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(Vfhn the ^dvis, — The peritoneum here follows closely the surfaces of the 
pelvic viscera And the inequalities of the pelvic walls, and presents important 
differences in the two sexes, (a) In the male it encircles the pelvic colon, 
from which it is reflected to the posterior wall of the pelvis as a fold, the 'pelvic 
mesocolon. It then leaves the sides and. finally, the front of the rectum, and 
is continued on to the bladd(u* ; on either side of the rectum it fojms a fossa, 
the pararectal fossa, which varies in size with the distension of the rectum. 
In front of the rectum the peritoneum forms the recto- vesical })ouch, which is 
limited laterally by peritoneal folds extending from the sides of the bladder 
to the rectum and sacrum. These folds are known from their position as the 
recto-vesical or sacro-ycnital folds. 'Fhc pc^.ritoneum of the anterior pelvic wall 
covers the superior surface of the bladder, and on either side of this viscus 
forms a depression, termed the paravesical fossa, and liinited externally by 
the fold of peritoneum covering the vas deferens. The size of tliis fossa is 
dependent on the state of distension of the bladder ; w'hen the bladder is empty, 
a variable fold of peritoneum, the plica vesicalis iransversa, divides the fossa 
into two ])ortions. On the peritoneum between the paravesical and pararectal 
fossae tlie only chwations ar(^ those produced by the ureters and the internal 
iliac vessels, (ft) In the female, pararectal and j)ara vesical fossa* similar to those 
in the male are present : the outer limit of the paravesical fossa is the peritoneum 

Fig. 925. — Horizontal disposition of the peritoneum in the lower part of the abdornen. 

Itectus 



investing the round ligament of the uterus. The recto-vesical pouch is, 
however, divided* by the uterus and vagina into a small anterior utero- vesical 
and a large, deep, posterior recto-vaginal pouch. The sacro-genital folds 
form the margins of the latter, and are continued on to the back of the uterus 
to form a transverse fold, the torus uterinus. The hroad ligaments extend 
from the sides of tJie uterus to the lateral walls of the pelvis ; they contain 
in their free margins the Fallopian tubes, and in their posterior layers the 
ovaries. Below, the broad ligaments are continuous with the peritoneum on 
the lateral walls of the pelvis. On the lateral pelvic wall behind the attach- 
ment of the broad ligament, in the angle betw^een the elevations produced 
by the diverging internal and external iliac vessels, is a slight fossa, the ovarian 
fossa, in which the ovary normally lies. . • 

(2) Inthe lower abdomen (fig. 925). — Starting from the linea alba, below' the 
level of the transverse colon, and tracing the continuity of the peritoneum in a 
horizontal direction to the right, the membrane covers the inner surface of the 
abdominal wall almost as far as the outer border of the Quadratus lumborum ; 
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it encloses the caecum and vermiform appendix, and is reflected over the 
sides and front of the ascending colon ; it may then be traced over the Psoas 
muscle and inferior vena cava towards the middle line, whence it passes along 
the mesenteric vessels to invest the small intestine, and back again to the 
large vessels in front of the vertebral column, forming the mesentery ^ between 
the layers of which are contained the mesentorio blood-vessels, lacteals, and 
glands. It is then continued over the left Psoas muscle ; it covers the. sides 
and front of the descending colon, and, reaching the abdominal ’v\'all, is earned 
on it to the middle line. 

(3) In the upper abdomen (fig. 92fl). — Above the transverse colon t]\e 
peritonemm can be traced, forming the greater and lesser sacs, and the 
communication of the two sacs with one another through the foramen of 
Winslow can be demonstrated. 

(a) Greater me . — Commencing on the posterior abdominal wall at the 
inferior vena cava, the membrane may be follow^ed to the right over the front 
of the upper part of the right kidney on to the antero-lateral abdominal wall. 
From the middle of the anterior wall a backwardly directed fold encircles the 
obliterated umbilical vein and forms the falciform ligament of the liver. 


Fig. 926. — Horizontal disposition of the peritoneum in the upper part of 
the abdomen. 
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Continuing to the left, the peritoneum lines the lateral abdominal wall and 
covers tlie outer part of the front of the left kidney, and is reflected to the 
posterior border of the hilus of the spleen as the posterior layer of the lieno- 
renal ligament. It can then be traced over the surface of <!.he spleen to the 
front of the hilus, and thence to the cardiac extremity of the stomach as 
‘ the anterior layer of the gastro-spknic omentum. It covers the antero-superior 
surfaces of the stomach and first part of the duodenum, and extends up 
from the lesser curvature of the stomach to the liver, the latter portion 
forming the anterior layer of the gastro-hepatic omentum. 

(6) Leaser sac . — On the posterior abdominal wall the peritoneum of the 
greater sac is continuous with that of the lesser sac in front of tlie inferior 
vena cava. Starting from here, the lesser sac may be tracied across the aorta 
and over the inner part of the front of the left kidney to the hilus of the 
spleen as the anterior layer of the licno-renal ligament. From the spleen it is 
reflected to the stomach as the posterior layer of the gastro-splenic omentum. 
It covers the postero-irtferior surfaces of the stomach and commencement of 
the duodenum, and from the lesser curvature of the stomach extends upw^ards 
to the liver as the posterior layer. of the gastro-hepatic omentum; the right 
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margin of tliis layer is continuous roimd the hepatic artery, bile-duct, and 
portal vein, with the wall of the greater sac. 

Foramen of Winslow. — The foramen of Winslow is the passage of 
communication between the greater and lesser sacs. It is bounded in front 
by the free border of the gastro-hepatic omentum, with the common bile- 
duct, hepatic artery, and portal vein between its two layers ; beJiind by the 
peritoneum covering the inferior vena cava; above by the peritoneum on 
the caudate lobe of the liver, and hchw by the peritoneum covering the 
commencement of the duodenum and the liepatic artery, the latter passing 
forwards below the foramen befon' ascending between the two layers of the 
gastro-hepatic omentum. 

The boundaries of the lesser sac w ill now' be evident. It is bounded in front, 
from above dowmw'ards, by the Spigelian lolx^ of the liver, the gastro-hepatic 
omentum, the stomach, and the anterior two layers of the great omentum. 
Behind, it is limited, from below' upwards, by the tw o posterior layers of the 
great omentum, the transverse colon, and the ascending layer of the trans- 
verse mesocolon, the upper surface of the pancreas, the left suprarenal gland, 
and the upper end of the left kidney. To the right of the oesophageal opening 
of the stomach it is formed by tha* part of the Diaphragm which supports 
the Spigelian lobe of the liver. Laterally, the lesser sac extends from the 
foramen of Winslow' to tlic spleen, where it is limited by the licno-renal 
Ugamont and the gastro-splcnie omentum. 

In the foetus the lesser sac readies as low' as the free margin of the great 
omentum, but in the adult its vertical extent is usually more limited owung 
to adhesions between the layers of the omentum. During a considerable 
part of foetal life the transverse colon is susjiended from the posterior abdominal 
wall by a mesentery of its own, the tw'O posterior layers of tlie great omentum 
passing at this stage in front of the colon. This condition occasionally 
persists throughout fife, but as a rule adhesion occurs between the mesentery 
of the transverse colon and the posterior layer of the great omentum, with 
the result tliat the colon appears to receive its peritoneal covering by the 
splitting of the tw o posterior layers of the latter fold. In the adult the lesser 
sac intervenes between tlui stomach and the structures on which that 
viscus lies, and performs therefore the functions of a serous bursa for the 
stomach. 

Numerous peritoneal folds extend betw'een the various organs or connect 
them to the parietes.. They serve to hold them in position, and, at the same 
time, enclose the vessels and nerves proceeding to them. Some of these folds 
are called ligaments, such as the ligaments of the liver and the false ligaments 
of tlie bladder. Others, w'luch connect certain parts of the intestine with the 
abdominal wall, constitute the mesenteries ; and lastly, those wliich proceed 
from the stomach to certain vis(5cra in its neighbourhood arc called omenta. 

The ligaments, formed by folds of the peritoneum, include those of the 
liver, spleen, bladder, and uterus. They will be found described w'ith their 
respective organs. 

The omenta are : the small omentum, the great omentum, and the 
gastro-splcnie omentum. , 

The small or gastro-hejmtic omentum (omentum minus) is the duplicafure 
which extends between the liver and the lesser curvature of the stomach. It 
is extremely thin, and is continuous with the two layers of peritoneum which 
cover respectively the antero- superior and postero- inferior surfaces of the* 
stomach. . When these two layers reach the lesser curvature of the stomach, 
they join together and ascend as a double fold to the transverse fissure of the 
liver ; to the left of this fissure the fold is attached to the bottom of the 
fissure of the ductus venosus, along wliieh it is carried to the Diaphragm, 
where the two layers separate to embrace the end of the oesophagus. At the 
riglit border the two layers are continuous, and form a free margin which 
constitutes the anterior boundary of the foramen of Winslow. Between the 
two layers, close to this free margin, are the hepatic arteiy, the common bile- 
duct, the portal vein, lymphatics, and the hepatic plexus of nerves — all these 
^structures being enclosed in loose areolar tissue, tsalled Olisson's capsule. 
Between the layers, where they are attached to the stomach, run the gastric 
artery and the pyloric branch of the hepatic artery. 
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The great or gastro-coUc omentum (omentum majus) is the largest peritoneal 
fold. It consists of a double sheet of peritoneum, folded on itself so that it 
‘ is made up of four layers. The two layers which descend from the stomach 
pass in front of the small intestines, sometimes as low down as the pelvis ; 
they then turn upon themselves, and ascend again as far as the transverse 
colon, where they separate and enclose that part of the intestine. These 
individual layers may be easily demonstrated in the young subject, but in 
the adult tliey are more or less inseparably blended. The left border of the 
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j)ej‘iioneum leaves the wall jof the abdomen to invest the viscera. 


IUghi Mvrnl Faki/orm Itgamnt 
ligamfnf of Inei' nf l/rm 


Vrn/i cfti’fi nifi'rioi 


OCuuphtiflUH - 
Right phicnif aitvrg 

Ciiromiry artery - 

IJejiahc artery 

Splev If artery - 
Paticrenn ■ 

Iff/, jiaac. duo. artetfi ... 
Mmieeolu - 
Hupei lor nu’ncnti'i u 
.Duodenum {tint paiti 
Aorta 

Duodetium ('2tul parti - 

Right and left kidnegu 
oupeim memeutera . . 

Aorta 

Left eohe 
Right coll* 
Vana inte»tini | 

Sigmoid niter y ■ 

. hifinorrhouial nitery - 


Internal dine nrteiy - 

F.rtei mil iliac ui tcry . 

Deep eingnxhie a I trig 
BlaiMer 



Pniioneum 
Fjrlra-peritoneal tiimue 

(Diaphragmatic end of 
1 gnstro-hepatic ometitum 
OiuUo pht cute ligament 


Onutiii-iplenn omentum 
Foramen of U’ntHlow 
Daoilenum (lot pai li 


Phrmo^eohe ligament 
[ i)ot bt'laeen tu o aiitei loi 
I layiTH nf omit onuaituni 
Ti anil Cl fi( meiocolon 


<r face for deicend 
ing colon 


J The, two layer! of the 
\ mcmitery proiwi 


II face for a 
iiig colon 


Dan tw face for rectum 
(Left lateral falne liga- 
1 rneiit of bladder 


great omentum is continuous with the gastro-splenic omentum ; its right border 
extends as far only as the duodenum. The great omentum is usually thin, 
presents a cribriform appearance, and always contains some adipose tissue, 
Avhich in fat peopk? accumulates in considerable quantity. Between its two 
anterior layers is tho anastomosis between the right and left gastro-epiploic 
arteries. 

The gastrO’Splenic ormntum (lig. gastroUenale) is the fold w^hich connects* 
the margins of the hilus of the spleen to the stomach, being continuous 
by its lower border with the great omentum. It contains the vasa brevia. 
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The mesenteries are : the mesentery proper, the transverse mesocolon^ 
and the pelvio mesocolon. lA addition to these there are sometimes present 
an ascen^ng and a descending mesocolon. 

The meseMery proper (mesenterium) is tlie broad, fan-shaped fold of perir 
toneum which connects the convolutions of the jejunum and ileum with th(^ 
posterior wall of the abdomen. Its root — the part connected with the structures 
in front of the vertebral column — is narrow, about six inches in length, and 
is directed obliquely from tlie duodeno- jejunal flexure at tlie left sid(^ of tlie 
second lumbar vertebra to the right iliac fossa (fig. 927). Its intestinal 
border is about twenty feet in length ; and liere the two layers separate 
to enclose the intestine, and form its peritoneal coat. Its breadth, between 
its vertebral and intestinal borders, is about eiglit incljcs. Its tipper border 
is continuous with the under surface of the transverse mesocolon : its hwer 
border, with the peritoneum covering the ciecum and ascending colon. 
It serves to retain the small intestines in tlnfir position, and contains 
between its layers the rami intestini tenuis of the superior mesenteric artery, 
with their accompanying veins and plexuses of nerves, the lacteal vessels, and 
mesenteric glands. 

In most (*.asos the peritoneum covers only the front and sides of the 
ascending and descending parts of the colon. Sometimes, however, these 
are surrounded by the serous membrane and attached to the posterior 
abdominal wall by an ascending and a deseending mesocolon respectively. 
At tlui plac(! w here the transvers(i colon turns dowmw ards to form the descend- 
ing colon, a fold of peritoneum is continued to the Diaphragm opposite tlie 
tentJi and (flevcMith ribs. Tliis is the phrevxi-colic ligament ; it passes below^ 
the spleen, and serves to support this organ, and therefore it has received the 
name of mstentaculum Uenis. 

The transverse tnesocolon (mesocolon transversum) is a broad fold, wliich 
connects the transverse colon to the jiosterior w^all of the abdomen. It is 
continuous with the tw^o posterior layers of the great omentum, whicli, after 
separating to surround the transverse^ colon, join behind it, and are continued 
backw'ards to tho spine, where they diverge in front of the anterior border of 
the pancreas. Tliis fold contains between its layers the vessels w hich supjily 
the transverse colon. 

The pelvic mesocolon is the fold of peritoneum whic^h retains the p(^lvic 
colon in connection with the jielvic wall. Its line of attachment forms a 
V-shaped (;urve, the ariex of the curve being placed about the point of division 
of the left common iliac artery. The curve begins on the inner side of the 
left Psoas, and runs upwards and backwards to the apex, from wiiich it bends 
sharply downw^ards and inwards, and ends in the mesial jilane at the level 
of the third sacral vertebra. Between the tw'O layers of this fold run the 
sigmoid and superior ha^morrhoidal vessels. 

The appendices epiploicoi are small pouches of the peritoneum filled with 
fat and situated along the c.olon and ui)per part of the rectum. They are 
chiefly appended to the transverse colon. 

Retro-peritoneal fossae. — In certain parts of the abdominal cavity there 
are recesses of peritoneum forming cnls-de-sac 4 dY pouches, Avhich are of surgical 
interest in connection with the possibility of the occurrence of retro-pcritonr al 
hernia. One of these is the lesser sac of tlie peritoneum, w Inch may be regarded 
as a recess of peritoneum through the foramen of Winslow, in w hich a hernia 
may take placie, but there are several others, of smaller size, which require 
mention. 

These recesses or fossa* may be divided into three groups, viz. : 1, the 
duodenal fossae ; 2, the circumcfecal fossae ; and 3, the intersignioid fossa. 

1. Duodenal fosscB (figs. 928, 929). — Moynihan has describ^ed no less than 
nine fossae as occurring in the neighbourhood of the duodenum. Three of these 
are fairly constant, and are the only ones which require mention, (a) The 
inferior duodenal fossa is the most constant of all the peritoneal fossae in this 
region, being present in from 70 to 75 per cent, of case^;. It is situated oppo- 
site the third lumbar vertebra on the left side of the ascending portion of the 
duodenum. Its opening is directed upwards, and is bdUnded by a thin sharp 
fold of peritoneum with a concave margin, called the inferior duodenal fold. 
The tip of the index finger introduced into tho fossa under the fold passes 
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some little distance behind the ascending or fourth portion of the duodenum. 
(b) The superior duoderml fossa is the next most constant pouch or recess, 
being present in from 40 to 50 per cent, of cases. It often coexists with the 
inferior one, and its orifice looks downwards, in the opposite direction to the 


Fig. 928. — Superior and inferior duodenal fossa?. (Poirier and Charpy.) 
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preceding fossa. It lies to the left of tlie as(;cnding portion of the duodenum. 
It is bounded by the free edge of the superior duodenal fold, which presents a 
semilunar margin ; to the right it is blended with the peritoneum covering 
the ascending duodenum, and to the left with the peritoneum covering tlie 


Fig. 929. — Duodeno- jejunal fossa. (Poirier and Charpy.) 
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S >eri-nephric tissues. The fossa is bounded in front by the superior duodenal 
old ; behind by the sdcond lumbar vertebra ; to the right by the duodenum. 
Its depth is two centimetres, and it terminates in the angle formed by the 
left renal vein crossing the aorta. This fossa is of importance, as it is in 
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relation with the inferior mesenteric vein : that is to say, the vein almost 
always corresponds to the line of union of the superior duodenal fold with 
the posterior parietal peritoneum, (c) The dmdeno-jejunal fossa can be seen 
by pulling the jejunum downw^ards and to the right, after the transverse 
colon has been pulled upwards. It \rill appear as an almost circular opening, 
looking downAvardg and to the right, and bounded by two free borders or folds 
of peritoneum , the modeno- 

mesocolic ligamenU, The Fig. 930.-- Ileo-oolic fossa. (Poirier and Charpy.) 
opening admits the little 
finger into the fossa, to the 
depth of from two to three 
centimetres. The fossa is 
bounded above by the 
pancweas, to the right by 
the aorta, and to the left 
by the kidney ; beneath is 
the left renal vein. The 
fossa exists in from 15 to 
20 p(^r cent, of cases, and 
has never yet been found 
in conjunction with any 
other form of duodenal 
fossa. 
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CircumctBcal fosscp. 

930, 931, 932).— 
are at least three 
pouches or recesses termed 
circumccRcal fossa* to be 
found in the neighbour- 
hood of the caecum. 

(a) The ileo-colic fossa (superior ileo-caecal) is formed by a fold of peri- 
toneum, the ileo-(;olu^ fold, arching over the branch of the ilco-colie artery 
which supplies the ileo-colic junction. The fossa is a narrow chink situated 


Fig. 931. — Ilco-oaccal fossa. The (ja*cum and ascending colon have been 
drawn outwards and downwards, the ileum upwards and backwards, 
and the ajipendix downwards. (Poirier and Chariiy.) 



between the ileo-colic fold in front, and the mesentery of the small 
intestine, the ileum, and the small portion of the caecum behind, (b) The 
ileo-ccBcal fossa (inferior ileo-caecal) is situated beliind the angle of junction 
of the ileum and caecum. It is formed by a fold of peritoneum (the 
ileo-caecal fold or bloodless fold of Treves), the iippei^ border of wliich 
is attached to the ileum, opposite its mesenteric attachment, wdiile the lower 
border, passing over the ileo-caecal junction, joins the mesentery of the 
appendix, and sometimes the appendix itself; hence this fold has been called 
the ileo-appendicular. Between this fold and the mesentery of the vermiform 
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appendix is the ileo-csecal fossa. It is bounded above by the posterior surface 
of the ileum and the mesentery ; in front and below by the ileo-oaecal fold, 
and behind by the upper part of the mesentery of the appendix, (c) The 
fiubccBcal fonsa (retro-csecal) is situated immediately behind the caecum, whi(ih 
has to be raised to bring it into view. It varies much in size and extent. In 
some cases it is sufficiently large to admit the index Qngor, and extends 
upwards behind the ascending colon in the direction of the kidney : in others 
it is merely a shallow depression. It is bounded and formed by two folds : 
one, the 'paricto-colic, wliich is attached by one edge to the abdominal wall 


Fig. 932. —The Hub-caecal fossa. The ileum and caecum are drawn backwards and 

upwards. (Rouligoux.) 
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from the lowcu’ border of the kidney to the iliac fossa and by the otlier to the 
postero-external aspect of the colon ; and the other, me^enterico-parictaly 
which is in reality the insertion of the mesentery into the iliac fossa. In some 
instances the subca^cal fossa is double. 

3. The intersigmoid fosisa is constant in the fmtus and during infancy, but 
disappears in a certain percentage of cases as age advamies. Upon drawing 
the pelvic colon upwards, the left surface of the pelvic mesocolon is exposed, 
and on it will be seen a funnel-shaped recess of the peritoneum, lying on the 
external iliac vessels, in the interspace between the Psoas and lliacus muscles. 
Tliis is the orifice leading to the fossa intersigmoidea, which lies behind the 
pelvic mesocolon, and in front of the parietal peritoneum. . The fossa varies 
in size ; in some instances it is a mere dimple, whereas in others it will admit 
the wliole of the index finger. 

Applied Anatmng , — Any of these fossa? may be the site of a retro-peritoneal hernia. 
The circumcsecal fossae are of especial interest, because hernia of the vermiform appendix- 
frec^uently takes place into one of them, and it may there become strangulated. The 
presence of these }>ouches also explains the course which pus has been known to take in 
cases of perforation of the appendix, where it travels upwards behind the ascending colon 
as far as the Diaphragm.* 


The Stomach 

The stomach is the most dilated part of the alimentary canal, and is 
situated between the end of the oosophagus and the beginning of the small 

* On the anatomy of these fossae, see the Arris and Gale Lectures by Moynihan, 1899. 
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intestine. It lies more or less horizontally in the epigastric, umbilical, and 
left hypochondriac regions of the abdomen, and occupies a recess bounded by 
the upper abdominal viscera, and completed in front and on the left side 
by the anterior abdominal wall and the Diaphragm. 

The shape and position of the stomach are so greatly modified by changes 
within itself and in the surrounding visc^era that no one form can be described 
as typical. The chief modifications are determined by (1) the amount of 
the stomach contents, (2) the stage which the digestive process has reached, 
(3) the degree of development of the 

gastric musculature, and (4) tl»e con- Kiq. 933.— Outline of stomach showing its 
dition of the adjacent intestines. It anatomical landmarks. 


is, however, possible by (H)mpaiing 
a series of stomachs to determine 
certain markings more or less 
common to all. 

The stomach presents tw^o open- 
ings, two borders or curvatures, and 
two surfaces. 

Openings. -The opening by 
which the (]L'sophagus communicates 
with the stomacii is known as the 
cardiac orifice, and is situat(;d on the 
left of the middle line at the level of 
the tenth thoracic? vertebra. The 
sliort intra-ahdominal portion of the 



oesophagus (antrum cardiacum) is ^ rsUbnU' ^ 

(?oriical in shape? and curved sharply 

to the left, the base of the cone being continuous with tlio (cardiac orifice 
of the stomach. The? right margin of the (esophagus is continuous with the 
lesser curvature of tlie stomach, w'hile the left margin joins the greater 


curvature at an acute angle, termed the inHsnra cardiaca. 

The pyloric orifice communicates with the? duodenum, and its position is 
usually indi(;ated on tlie surface? of the stomach by a circular groove, the 
duodena- pyloric constriction. This orifice li(?s to tlie right of the? middle line 

at the level of the upper border of tlie first 


Ind Ultra 
antjularis 


^ ii- t 4 1 lumbar vertebra. 

Fig. 334. --- Outline o s omac 1 Curvatures. — The lesser curvature, ex- 

digestion*^^ ^ ^ ^ tending between tlie cardiac and pyloric 

orifii?es, forms tlic right or posterior border 
of tlic stomach. It descends as a continua- 
\ \ tion of the right margin of the ensophagus in 

Jncisitra ) \ ffont of the left crus of the Diaphragm, and 

antjuiaris Cardiac po t then, turning to the rig] it, it crosses tlie first 

I lumbar vertebra and ends at the pylorus. 

/ Nearer its pyloric than its cardiac end is a 
/ well-marked Tiot(?li, the incisura anqularis, 
^ y w hicli varies^ somewdiat in position with the 

/ V state of distension of the viscus ; it serves to 

Cviontst Mumtinr t^nstrirfioii hetttfen Separate tlie stoiiiacli into a right and a left 
•cnriitacandjiifioncjwrtumt portion. Tlic IcsscF curvaturc givcs attach- 
mcrit to the? two layers of the gastro-hepatic 
omentum, and between these tw o layers are tlie gastric branch of the coronary 


portion 

(^^^yMo/ogical fundus)} 


Af men Jar aamtrirfion betivrrn 
•cardiac and pyloric jwrtiont 


artery and the pyloric? branch of the hepatic artery. 

The greater curvature is directed mainly forwards, and is four or five times 
as long as the lesser curvature. Starting from the cardiac orifice at the 
incisura cardiaca, it forms an ar(?h backw^ards, upw^ards, and to the left ; the 
highest point of the convexity is on a level with the sixth left costal cartilage. 
From this level it may be follow^ed dowmwards and forwards, with a slight 


convexity to the left as low as the cartilage of the ninth rib ; it then turns to 
the light, to end at the pylorus. Directly opposite the incisura angularis cif 
the lesser curvature the greater curvature presents a* dilatation, the pyloric 
vestibule, which is limited on the right by a slight groove, the sulcus inter- 
medius ; this sulcus is about an inch from the duodeno-pyloric constriction. 
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The portion between the sulcus intermedius and the duodeno-pylono con- 
striction is termed the pyloric canal. At its commencement the greater 
curvature is covered by peritoneum continuous with tliat covering the front 
of the organ. The left part of the curvature gives attachment to the gastro- 
splenic omentum, while to its anterior portion are attached the tw'o layers 
of the great omentum, separated from each other by the gastro-epiploic 
vessels. 

Surfaces. — When the stomach is in the contracted condition, its surfaces 
are directed upwards and downwards respectively, but wiien the \iscus is 
distended they are directed forwards and backwards. They may therefore 
be described as antero-superior and postcro-inferior. 

Antero‘Superi(yr surface . — The left half of this surface is in contact with tJie 
Diaphragm, which separates it from the base of the left lung, the pericardium, 
and the seventh, eighth, and ninth ribs and intercostal spaces of the left side. 
The right half is in relation with the left and quadrate lobes of the liver and with 
the anterior abdominal wall. When the stomach is empty, the transverse 
colon may lie on the front par^ of this surface. The wiiole surface is covered 
by peritoneum. 

The postero-inferior .surface is in relation with the Diaphragm, the spleen, 
the left suprarenal gland, the upper 2)art of the front of the left, kidney, the 
anterior surface of the pancreas, the S2)lenic flexure of the colon, and t he upper 
layer of the transverse mesocolon. These structures form a shallow bed, the 
, sf. 07 (i.^ Ji hc(L on wiiich the viscus rests. The transverse mesocolon se|)arates 
the slohiacli from the duodeno- jejunal flexure and small intestine. The 
l)Ostero-inferior surface is covered by peritoneum, except over a small area 
close to the cardiac orifice ; this area is limited by the lines of attachment of 
the gastro-phrenic ligament, and lies in apj^osition with the Diaphragm, and 
frequently the upper portion of the loft suprarenal gland. 

Component parts of the stomach . — The stomach is capable of subdivision into distinctive 
parts, and the divisions may be made on either analoinical or physiological grounds. 

Anatomical mibdivisions . — A plane j)assing through the incisura angularis on the Icssei* 
curvature and the left limit of the opposed dilatation (pyloric vestibule) on the greater 
curvature divides the stomach into a left i)ortion or body and a right or pyloric portion. 
The left portion of the body is known as the and is marked off from the remainder 
of the body by a plane 2 )assing through the cardiac orifice and a i)oint on the greater 
curvature directly opposite. The pyloric portion is dividexl into a right part, the pyloric 
email, and a left, the pylo-ric t^esiibule, by a piano througli the sulcus intcrmc^dius at right 
angles to the long axis of this portion (fig. 933). 

Phyfiiological subdivisiom . — If the stomae.b be examined during the y>roccss of digestion 
it will be found divided by a muscular constnetion into a large dilated left portion, and a 
narrow contracted tubular right portion. The constriction is in the body of the stomach, 
and does not follow any of the anatomical landmarks ; indeed it shiff s gradually towards 
the left as digestion progresses, i.e. more of the body is gradually absorbetl into the tubular 
part. These two portions are known as the fundus and pijloric. portions. It will be seen 
thcrefoi ‘0 that the physiological fundus includes the anatomical fundus and the proximal 
part of the body, while the physiological pyloric portion comprises the distal part of the 
body, the pyloric vestibule and the pyloric canal (fig. 934). 

Position of the stomach . — The position of the stomach varies with the amount of the 
stomach contents and with the condition of the intestines on which it rests. Variation 
in the amount of its contents affects only the physiological fiindus^,^ the pyloric portion 
remaining in a more or less contracted condition during the process of digestion. As the 
stomach fills it tends to expand forwaixis apd downwards in the direction of least resistance, 
but when this is interfered with by a distended condition of the colon or intestines the 
fundus presses upwards on the liver and Diaphragm and gives rise to the feelings of oppres- 
sion and palpitation complained of in such cases. His * and Cunningham f have shown 
by hardening the viscera in situ that the contracted stomaii^jm a sickle shape, the fundus 
looking dii-ectly backwards. ITie surfaces are directed ' 'upwards and downwards, the 
upper sui'face having, however, a gradual downward slope to the right. The greater 
curvature is in front and at a slightly higher level than the lesser. 

The position of the full stomach depends, as ah'eady indicated, on the state of the intes- 
tines ; when these are empty the fundus expands vertically and also forwards, the pylorus 
is displaced tow^ards fne right, and the whole organ assumes an oblique position, so that 


♦ Arohiv fiir Anwtomle nnd Physiologic, muit. AHh., J903. 
t Tramactums of the Boyal Society of Edinburgh, vol. xlv. part i. 
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its surfaces are directed more forwards and backwards. The lowest part of the stomadi 
is at the pyloric vestibule, which reaches to > the r^on of the umbilicus. ^Vhere tlxe 
intestines interfere with the downward expansion of the fundus the stomach retains the 
horizontal position which is characteristic of the contracted vise us. 

Examination of the stomach during life by r-rays has confirmed these findings, and 
has demonstrated that, in the erect postui’e, the full stomach usually presents a hook-like 
appearance, the long axis of the physiological fundus being directed downwards, inwards, 
and forwards towards the umbilicus, while the pyloric portion curves upwards to the 
duodeno-pyloric junction. 

Interior of the stomach , — When examined after death, the stomach is usually fixed at 
some temporary stage of the digestive process. A common form is thatdiowm in fig. 935. 
If the viscus be laid open by a section tnrough the plane of its two curvatures, it is seen to 


Fia. 935. — Interior of the stomach. 



consist of two segments : (a) a largo globular portion on the left and {b) a narrow tubular 
part on the right. These correspond to the physiological subdivisions of lundus and 
j)yloric portions ahoady described, and are separated by a constriction which indents the 
l)ody and greater curvature, but docs not involve the lesser curvature. To the left of the 
cardiac orifice is the incisura cardiaca : the projection of this notch into the cavity of the 
stomach increases as the organ distends, and has been Bup])osed to act as a valve preventing 
regui’gitation into the nssophagus. Tn the pyloric portion are soon : (a) the elevation 
coiTesponding to the incisura angularis, and (b) the circular projection from the duodeno- 
pyloric constriction which forms the pyloric valve. The separation of the pyloric vestibule 
from the pyloric canal is scarcely indicated, but the mannei* in which the pylorus is 
invaginated into the duodenum is evident. 

* The 'pyloric valve is formed by reduplication of the mucous membrane 
of the stomach, containing numerous circular muscular fibres, which arc 
aggregated into a ^hick ring. Some of the deeper longitudinal fibres turn in 
and interlace with the circular fibres of the valve. 

Structure. — ^The wall of the stomach consists of four coats : serous, muscular, areolar, 
and mucous, together with vessels and nerves. 

The serous coat is derived from the peritoneum, and covers the entire surface of the 
organ, excepting along the greater and lesser curvatures, at the points of attachment 
of the greater and lesser omenta ; here the tw'o layers of peritoneum leave a small triangular 
space, along which the nutrient vessels and nerves {)ass. On the posterior surface of the 
stomach, close to the cardiac orifice, there is also a small area uncovered by peritoneum, 
where the organ is in contact with the under surface of the Diaphragm. 

The muscular coat (figs. 936, 937) is situated immediately beneath the serous covering, 
to which it is closely connected. It consists of three sets of fibres : TongitudinaJ, circular, 
and oblique. 

The longitudinal fibres are the most superficial, and are arraiTged in two sets. The tot 
set consists of fibres continuous with the longitudinal fibres of the oesophagus ,* they radiato 
in a stellate manner from the cardiac orifice and are practically all lost before the pyloric 
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portion is reached. The second set commences on the body of the stomach and passes to 
the light, its fibres becoming more thickly distributed as they approach the pylorus. 

Fio. 936. — The longitudinal and circular muscular fibres of the stomach, 
viewed from abote and in front. (Spalteholz.) 



Some ot the more superficial fibres of this set ])as.s on to the duodenum, but the deeper 
fibres dip in^^’ardH and interlace with the (ircular fibres of the pyloric valve. 

Tio, 937. — The ob]i(|ue muscular fibres of the stomach, viewed from 
above and in front. (SpaltohoJz.) 



The circvktr fibres form a uniform layer over the whole extent of the stomach beneath 
the longitudinal fibres. At the pylorus they are most abundant, and are aggregated into 
a circular ring, which projects into the lumen, and forms, with the fold of mucous membrane 
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covering its surface, the pyloric valve. They are continuous with the circular fibres of the 
<usophagus, but are sharply marked off from the circular fibres of the duodenum. 

The oblique fibres are limited chiefly to the cardiac end of the stomach, where they arc 
disposed as a thick uniform layer, covering both surfaces, some passing obliquely from 
left to right, others from right to left, round the cardiac end. 

T\\e areolar or svbmmoas coat consists of a loose, areolar tissue, connecting the mucous 
and muscular layers. 

Th^mujcmis membrane is thick audits surface is smooth, soft, and velvety. In the fresh 
state it is of a pinkish tinge at the pyloric end, and of a red or reddish-brown colour over 
the rest of its surface. In infancy it is of a brighter hue, the vescular redness being more 
mai’ked. It is thin at the cardiac extremity, but tliicker towards the pylorus. During 
the contracted state of the organ it is thrown into numerous plaits or rugfc, which, for the 
most part, have a longitudinal direction, and arc most marked towards the lesser end of 
the stomach, and along the greater curvature (fig. 035). These folds are entirely obliterated 
when the organ becomes distended. 

Slructurc of the MvjCous Membrane, — When examined with a lens, the inner surface of 
the mucous membrane presents a peculiar hone3'^comb appearance from btMng covered 


Fig. 038. — ^Pyloric gland. 



Fia. 930. — Cardiac gland. 



with small shallow depressions or alveoli, of a pol^^onal or hexagonal form, which vary 
from flrn to of an inch in diameter, and are separated by slightly elevated ridges. In 
the bottom of the a^eoli are seen the orifices of minute lubes, the gastric glands, which 
are situated perpendicularly side by side throughout the entire substance of the mucous 
membrane. The siu-faco of the mucous membrane of the stomach is covered by a single 
layer of columnar epithelium ; it lines the alveoli, and also for a certain distance the mouths 
of the gastric glands. This epithelium commences very abruptly at the cardiac orifice, 
where the cells suddenly change in character from the stratified epithelium of the 
cesbphagus. 

The gastric glands are of two kinds, (a) pyloric and (b) cardiac or oxyntic glands. They 
are both tubular in character, and are form^ of a delicate basement-membrane, lined bj'' 
epithelium ; the basement-membrane consists of fiattened transparent endothelial cells. 
The pyloric glands (fig. 938) are most numerous at the pyloric end of the stomach, and 
from this fact have received their name. They consist of twowor tlT^ee short closed tubes 
opening into a common duct or mouth, the external orifice of which is situated at the 
bottom of an alveolus. Those tubes are wavy, and are abdut equal in length to the 
duct. The tubes and duct are lined throughout with epithelium, the duct being lined 
by columnar cells, continuous with the epitlielium lining the surface of the muoous 
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membrane of the stomach, the tubes with sliorter and more cubical cells which are finely 
granular. The cardiac glands (fig. 939) ore found all over the surface of the stomach, but 
^ occur most numerously at the cardiac end. Like the pyloric glands they consist of a duct, 
into which open two or more closed tul)es. Tlie duct, however, in these glands is shorter 
than in the other variety, sometimes not amounting to more than one-sixth of the whole 
length of the gland ; it is lined throughout by columnar epithelium. At the point where 
the terminal tubes open into the duct, and which is termed the neck, the epithelium alters, 
and consists of short columnar or i)()ly]iedral, granular colls, which almost till the tube, 
so that, the lumen bocoTnes suddenly constrict^, and is continued down as a very fine 
channel. They are known as the chief ov central jcqWh of the glands. Between these cells 
and the basement-membrane, larger oval cells, which stain deei)ly with eosin, are found ; 
these cells are studded throughout the tube at intervals, giving it a beaded or varicose 
appearance. ‘'These arc known as the pmet4jl or OTyntic cells. Between the glands the 
mucous membrane consists of a connective-tissue framew^oi’k, with lymphoid tissue. In 
})Iaces, this latter tissue, especially in early life, is collected into little masses, which to 
a (.‘crtain extent resemble the solitary glands of the intestine, and are termed the lenticvlar 
glands of the stomach. Tliey are not, however, so distinctly circumscribed as the solitary 
glands. Beneath the mucous membrane, and between it and the submucous coat, is a 
thin stratum of involuntary muscular fibre (mnscuhris mycoscef, which in some j)arts 
consists only of a. single longitudinal layer ; in others of two layers, an inner circular, and 
an outer longitudinal. 

Vessels and Nerves. — The arteries supplying the stomach are : the gastric;, the j)yloric 
and right gastro-ejufiloic branches of the hepatic, the left gastro-epiploic and vasa bi-ovia 
from the splenic. '^Fliey siip])ly the muscular coat, ramify in the submucous coat, and 
arc finally distributed to the mucous membrane. The arrangement of the vessels in the 
mucous membrane is somewhat peculiar. The art/crics break up at the base of the gastric 
tubules into a ])lexns of fine capillaries which run upwards between the tubules, anastomos- 
ing with each otliej*, and euidiiig in a j)Ipxus of larirer capillaries, which surround the mouths 
of the tubes, and also form hexagonal meshes around the alveoli. From these the veins 
arise, and “pursue a straight course downwards, between the tuhules, to the* submucous 
tissue; th(*y terminate either in the splenic and superior mesenteric veins, or directly in 
the portal vein. The hj7nphaiics are numerous : they consist of n sufM'rficial andadee}>set, 
and. pass to the lymphatic glands found .along the tw'o curvatures of the organ. The 
nerres are tlii» terminal branches of the right and left [incumogastric, the former being 
distributed u]>on the back, and the latter u})on the fiont f>art of the organ. A great 
numbci' of f)ran(;hes from the solar ])lcxiis of the sympathetic; arc also distributed to it. 

Surface /Wr/v.— Tlic stomach lies for the most part in the loft hypochondriac region, 
but also slightly in the epigastric region, and is jiartly in contact with the ahdominal wall, 
j)artly under cover of the lower ribs on the left side^ and jiartly under the left lobe of the 
liver. Its cardiac orifice corrcs])onds to the seventh left costal cartilage, about an inch 
from the sternum. The jiyloric orifice would he ])ierced by a needle passed through the 
abdominal w^all, live centimetres (two inches) below' the junction of the right seventh 
costal cartilage with the sternum, 1o the disc between the last thoracic and the first lumbar 
vertebra (Macalister). The fundus of tlie stomach reaches as high .as llie level of the 
sixth costal caiiilagc ol the left side, being a little below and behind the apex of the heart. 
Tlie portion of tht‘ stomach wiiich is in contact with the abdominal w'all, and is therefore 
accessible foj' opening in the oiierations of gastrotomy and gastiostomy, is represented 
by a triangular space, (be base of win’eh is formed by a line drawn fi-oni the ti]i of the 
tenth costal cartilage on tlie left side to the tip of the ninth costal cartilage on the right, 
and the sides by two lines drawm from the extremity of the eighth costal cartilage on the 
left side to the ends of the base line. 

Applied Anatomy. — Operations on the stomach are freiiuenlly iierformed. By 
‘ gastrotomy * is meant an incision into the stomach for flie removal of fi foreign body, 
the opening being immediately afterwards closed— in contradistinction to ‘ gastrostomy ’ 
the making of a more or less jiermanent fistulou.s opening. GaslrnUmy is ju’obably best 
performed by an incision in the linea alba, es[)ecially if the foreign body be largo, by a cut 
from the ensiform cartilage to the umbilicus ; but may be ])crformed by an incision over 
the foreign body itself, where this can be felt, or by one of the incisions for gastrostomy 
mentioned below. The iieritoneal cavity is ojiened, and the point at which the stomach 
is to be incised decided upon. This portion is then brought out of the abdominal wound, 
and s[)onges are carefully packed round it. The stomach is now opened by a transverse 
incision and the foreign body extracted. Tlie wound in the stomach is then closed by 
Lemhert’s sutures, i.e. by sutures passed through the peritoneal and muscular coats in 
such a way that the peritoneal surfaces on e.ach side of the wound are brought into apposi- 
tion. In gastroslmuy tlie incision is (;ommcnccfl of)|>oHite the eighth loft intercostal sjiace, 
two inches from the median line, and carried downw.ards for three inches. By this incision 
the fibres of the Rectus muscle arc exposed, and these are sejiarated in the same line. The 
posterior layer of the shea/.h, the Tranaveraalis muscle and fascia, and the peritoneum are 
then divided, and the peritoneal cavity opened. The anterior wall of the stomach is now 
seized and drawn out of the wound, and a silk suture jvassed through its muscular and serous 
coats at the ix>int selected for opening the viscus. This is held by an assistant so that a 
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long conical diverticulum of the stomach protrudes from the external wound, and tho 
parietal peritoneum and the posterior layer of the sheath of tho Rectus an? sutured to it. 

A second incision is made through the skin, over the margin of the costal cartilage, above ^ 
and a little to the outer side of the first incision. A track is made under the skin through 
the subcutaneous tissue from the one opening to tho otiier, and the diverticulum of the 
stomach is di-awn along this track by means of tho suture inserted into it, so that its apex 
a})])ears at the second opening. A small perforation is now made into the stomach through 
this protniding apex, and its margins are carefully and accurately sutured to the edge of the 
external wound. The remainder of this incision and the wliolc of the first incision arc then 
closed in tho ordinary way and the wound dressed. 

In cases of gastric ulcer perforation sometimes takes ])lace, and this was formerly 
regarded as an almost fatal complication. In the present day, by opening tht^ abdomen 
and closing the perforation, which is generally situated on tlie antcrioi’ surface of the 
stomach, a considerable number of cases are cured, i^rovided the operation is done not 
longer than twelve or fifteen hours after the perforation has taken ])lace. The o])oning is 
best closed by bringing the peritoneal surfaces on cither side into apposition by means 
of Lembert’s sutures. 

Ex(5ision of the pylorus has occasionally been performed, but the results of this 
oj)ej*at.ion ai*e by no means favourable, and, in cases of cancer of the pylorus, before 
operative proceedings are undertaken, the tumour has become so fixed and lias so lar 
implicated surrounding j)arts that remove 1 of tho pylorus is impossible and gastro- 
enterostomy has to be substituted. The object of this operation is lo make a fistulous 
communication betwccA the stomach, on the cardiac side of the disease, and tho small 
intestine, as high up as is possible. In cases of cancer of the stonmoh involving other parts 
tlian the [lylorus, the question of remot'ing (he whole or greater part of the sk>niach has to 
bo considered, 'fliis operation has been performed by Sclilattcr and otliers w-ith success. 

Hypertrophy and spasm of the ciren inferential muscular coat of tlie j>yloruH coming 
on during tho first fc>v weeks or months of lifci, and somewOiat erroneously doscrit)ed as 
congenital Jigperirophic stenosin of the pyUn'iis^ is a rare but serious disorder of infancy. It is 
cbaiiKJteriscd l)y al)domiiial pains and obstinate vomiting coming on after food has boon 
given, and gastric [)cristalsis can be observed by insjiection of the child’s epigastrium after 
it has been fed and before vomiting has occurrtil. Progressive wasting for want of 
nourishment, and death from exhaustion, tend to ensue. Treatment should be by washing 
out tho stomach, and tho administration at frc(|uent intervals of small quantities of easily 
digested food, so as to minimise irritation of the gastric mucous membrane. Surgical 
int(?rferenco — ])vloropIasty or jiylorectoniy — entailing a severe operation, gives less 
favourable results. 

Tlie slomacb is seldom ruptured from external violence, on account of its ])rotected 
position. If it occurs, it is when llic organ is distemh'd with food. Tlie stomach is some- 
times injured in gunshot wounds. Thci'c is intcMise shock and severe jiain, localised at first 
at the scat of the injury, but soon radiating over the whole ahclomen. Tlio treatment 
consists in opening the peritoneal cavity, clearing away all the extruded contents uf the 
stomach, and repairing the rent. 


TTn5 Small Intestine (Intestinum tenue) 

The small intestine is a convolutod tub(^, extending fioni the pylorus to 
the ileo-eiee.al valve, where it lorminat(*s in tlie large intestines It is about 
twenty feet in length,* and gradually dmiinishes in siz(^ from its commence- 
ment to its termination. It is contained in the central and lower parts of the 
abdominal cavity, and is surrounded above and at the sides by the large 
intestine ; a portion of it exUjnds below' th^ brim of the pelvis and lies in 
front of the rectum. It is in relation, in front, with the great omentum and 
abdominal parietes, and is (joiineeted to tlu^ vertebral column by a fold of peri- 
toneum, the mesentery. Hie small intestine is divisible into tliree portions : 
tlio duodenum, the jejunum, and ileum. 

The duodenum (figs. 940, 970) lias received its name from being about 
equal in length to the breadth of twelve fingei’s (ten inches). It is the shortest, 
tho w idest, and the most fixed part of the small intestine, and has no mesentery, 
being only partially covered by pci’itoneum. Its course presents a remarkable 
curve, somewhat of the shape of an imperfect circle, so that its termination is 
not far removed from its starting-point. 

* Treves states tliat, in cnc liiiiKired cases, the average length (^f the small intestine in Ihe 
adult male was 22 feet 6 inches, and in the adult female 2.‘l feet 1 inches ; hut that it varies 
very much, the extremes in the male being 31 feet 10 inches in onl case, and L5 feet G inches 
in another, a difference of over 15 feet. He states that lie has convinced himself that the 
length of the bowel ii independent, in the adult, of age, height, and weight. 
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In tlio adult the c^ourfie of the duodenum is as follows : commencing at 
the pylorus it passes backwards, upwards, and to the right, beneath the quadrate 
lobe of the liver to the neck of the gall-bladder, varying slightly in direction 

Fig. 940. — Relations of duodenum, pancreas, and spleen. 

(From a cast by Birmingham.*) 
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The dotted linos represent the attachment of the transverse mesocolon. 

according to the Segree of distension of the stomach : it tlicn takes a sharp 
curve and descends alpng the right margin of the head of the pancreas, for a 
variable distance, generally to the level of the upper border of the body of the 

* 111 the subject from which the cast was taken the left kidney was lower than normal. 
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fourth lumbar vertebra. It now takes a second bend, and passes from right to 
left across the vertebral column, having a slight inclination upwards ; and on 
the left side of the vertebral column it ascends for about an inch, and then 
terminates opposite the second lumbar vertebra in the jejunum. As it unites 
wdth the jc^junum it turns abruptly forwards, forming the duodena- j€ju7ial 
flexure. From the above description it will be seen that the duodenum may 
be divided into four portions : superior, descending, transverse, and ascending. 

Relations. — The first or superior portion is about two inches in length. 
Beginning at the pylorus, it ends at tlie neck of the gall-bladder. It is the 
most movable of the four portions. It is almost completely covered by 
peritoneum derived from the tw'o layers of tlie lesser omentum, but a small 
part of its posterior surface near the neck of the gall-bladder and the infenoi 
vena cava is uncovered. It is in su(;h close relation Avith the gall-bladder 
that it is usually found to b (5 stained by bile after deatli, especially on its 
anterior surface. It is in relation above and in front with the quadrate lobe 
of tjie liver and the gall-bladder ; behind with the gastro-duodeiial artery , the 

Fto. 1)41. — Interior of a portion of the duodenum, showing bile pai»illa. 



common bile-duct, and the portal vein ; and bedow w ith the head and neck of 

the pancreas. . 

The second or dcscendi^ig portion is between three and four inclu'S in length, 
and extends from the nc(;k of tlu^ gall-bladder on a level with the first lumbar 
vertebra along the right side of the vertebral column as low' as the upper border 
of the body of the fourth lumbar v(‘rtebra. It is crossed in its middle third 
by the transversef colon, the posterior surface of wtiicli is uncovered by 
peritoneum and is connected to the duodenum by a small (juantity of con- 
nective tissue. The portions of the descending part of the duodenum above 
and below this interspace are named the supra- and infra-colic portions, and 
are covered in front by j)eritoneum ; the infra-colic part is covered by the 
right leaf of the nics(mtery. Posteriorly the descending portion of tlie 
duodenum is not covered by peritoneum. It is in relation, in front, with the 
transverse colon, and above this with the liver ; behind, with the inner part 
of the right kidney to which it is connected by loose areolar tissue, the renal 
vessels, the vena cava inferior, and the Psoas magnus below' ; at. its inner side 
is the head of the pancreas, and the common bile-du«t ; to its outer side is 
the hepatic flexure of the colon. The common bile-duct and the pancreatic 
duct perforate the inner side of this portion of the iniestine obli()uriy, some 
three or four inches below’ the pylorus (fig. 941). The relations of the second 
part of the duodenum to the right kidney present considerable variations. 
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Tlio third or transverse portion (pre-aortic portion) is from two to three 
inches in length. It commences at the right side of the upper border of the 
fourtli lumbar vertebra and passes from right to left, with a slight inclination 
upwards, in front of the great vessels and crura of the Diaphragm, and ends in 
th(^ fourth portion in front of the abdominal aorta. It is crossed by the 
superior mesenteric vessels and the mesf^ntery. Its front surface is covered 
by peritoneum, except near the middle line, wliere it is crossed by the superior 
mesenteric vessels. Its posterior surface is uncovered by peritoneum, 
cxcej)t towards its left extnmiity, where the posterior layer of the mesentery 
may sometimes be found covering it to a variable extent. This surface rests 
upon the right crus of the Diaphragm, the vena cava inferior, and the aorta. 
The upper surface is in relation with the head of the i)ancrcas. 

The fourth or ascending portion of the duodenum is about an inch in Icngtli. 
It- ascends on tJu^ h^ft side of tJie aorta, as far as the level of the upper border 
of tiie second lumbar vertebra, where it tui'ns abruptly forwards to be(;oine 
tlie jejunum, forming the duodvno-jefinnnl Jicxnre. It lies in front of the left 
Ps(^as muscle and left renal vessels, and is coveic^d in front, and })artly at the 
sides, by peritoneum continuous with the left portion of the mesentery. 

The first jiart of th(' duodenum, as stated above, is sornewliat movable, 
but the rest is ]U‘a(*lically fixt‘d, and is bound down to neighbouring vis(;era 
and the posterior' abdominal wall by the peritoneum. In addition to this, tlie 
foui’th pai't of th(^ duodenum and tlic duodeno- jejunal flexures are fixed by a 
striKiturc to which the nanui of muscvlns suspertsorius duodeni has b(?on given. 
Tliis structure commences in the connective tissue around th(^ c(cliac axis and 
left crus of the J)iaphi‘agm, and passes dowmvards to bo inserted into the 
su])erior .border of the duodtuio-jejunal (uirve and a ])art of th(5 ascending 
duodenum, and from this it is continued into the nuvsentery. It poss(‘HS(‘s. 
according to Treitz, plain muscular fibres mix(?d with tlie fibrous tissu(‘ of 
which it is principally made uj). It is of little importance' as a muscle, but acts 
as a suspfmsory ligament. 

Vessels and Nerves. — The arUtie.s supplying the duodenum arc <ho pyJorii; and superior 
jrancreatico-duodenal brandies of tlic liejia tic, and the inferior pancreatico-diiodcnal br andi 
of the superior mesenteric. Tlie I'cins terminate in the sjdenic an<l sujierior mesentej'ic. 
The ncrx'es are derived from tlio .solai' jdexus. 

Jejunum and ileum. — The remainder of the small intestine from the 
ierinination of the duodenum is named jejunum and ileum ; the former term 
Ix'ing given to the u})p(u' two-fifths and the latter to tlu^ lowtu* three-fifths. 
There is no morphological line of distinction hotween the two, and the division 
is arbitrary ; but at the same time it must be noted that the eliaraeter of tlu^ 
intcstiiK* gradually undergoes a change from the (commencement of the? jejunum 
to th(5 termination of the ileum, so that a ])()rlion of the bowel taken from tliese 
two situations would present characteristic and marked difi'erc'nees. These 
are briefly as follow s. 

The jejunum (intestinum jejunum) is Avider, its diameter being about an inch 
and a half, and is thicker, more vascular, and of a deeper colour than the 
ileum, so that a given length weighs more. Its valvular (onniventes are large 
and thickly sot, and its villi are larger tJian in the ileum. Tla'. glands of 
Poyer are almost absent in the up})er ])art of tlu^ jejunum, aitd in the lower part 
are less frequently found than in the ih'uin, and arc smaller and tend to assume 
a circular form. By grasping the jejunum between the finger and thumb the 
valvuhe (ronnivcnt(\s can Ixj felt through the walls of the gut ; these being 
absiMit in the lower part of the ileum, it is possibh^ in this way to distinguish 
tlic upper from the low'm* part of the small intestine. 

Till' 27(’ Mm. (intestinum ilourn) is narrow, its diameter being an inch and a 
quarter, and its coats tliimior and less vascular than those of the jejunum. 
It possi^sses but f(.iw valvuhe conniventes, and they are small and disafipear 
entirely tow'ards its lower end, but Peyer’s paicOios arc larger and more 
numerous. Tii(| jbjunum for the most part oiHUj])ies the umbilical and li^ft 
iliac regions, while the^ihuim oecupii'S chiefly the umbilical, hypogastric, right 
iliac, and pelvic regions. Its terminal part usually lies in the pelvis, from 
wliich it as(?cnds over the right iliac vessels and Psoas muscle ; it ends in the 
right iliac fossa by opening into the inner side of the commencement of the 
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large intestine. TJie jejunum and ileum are attached to the posterior abdominal 
wall by an extensive fold of peritoneum, the mesmtery, w liich allows the freest 
motion, so that each coil can accommodate itself to changes in form and 
position. The mesentery is fan-shaped : its posterior border or root, about 
six inches in length, is attached to the posterior abdominal wall from the left 
side of the body of the second lumbar vertebra to the right iliac fossa, crossing 
successively the third part of the duodenum, the aorta, the inferior vena 
cava, the ureter, and right Psoas muscle (fig. 927). Its breadth between its 
vertebral and intestinal borders is about eight indues, and is greater in the 
middle than at its upper and lower extremities. According to Lockwood it 
tends to increase in breadth as age advances. Between the two layers of 
Avhicii it is composed are contained blood- vc^ssels, nerves, lactcals. and lymphatic 
glands, together witli a variable amount of fat. 

NcrhVn diuertiriiJum . — This consists of a pouch which j)i*ojccts from the lower part 
ol llio ilt‘um in about 2 per cent, of subjects. Its average position is about Ihiee feet above 
the iJeo-e;ec.al valve, and its average length about two inches. Its calihre is generally 
similar to that of the ileum, and its blind extrciinity may be free or may be connected with 
tlie abdominal wall or wdtli some other jKirtion of the intestine by a libroiis band. It 
rejireserits the remains of the proximal part of the vitelline or onn)halo-mcsenteric duct, 
the duct of communication between the y^lk sac and the ahmentary canal in early fmial 
life. 

Structure. — 'Hic wall of the small intestine is composed of four coats : sei'ous, muscular, 
aj’colar, and mucous. 

The serous cmtl is derived from the ])t‘j-itoneum. Tlie Jjist or ascending portion of tlie 
duodenum is almost completely sunouiidod by this membrane near its pyloric end, but is 
only covered in front at the other extremity ; the second or descending portion is covered 
by it in front, except where it is carried off by the transverse colon; and* the third or 
transverse portion lies behind the peritoneum, which passes over it, witliout being 
closely incorporated witlith(‘ other coats of this part of the intestine, and is separated from 
it in and near the middle lino by the su]»orior mesenlciit; vessels. The remaining portion 
of the small intestine is surrounded by the peritoneum, excepting along its attached or 
mesenteric border ; here a sjiacc is left for the vessels and nerves to pass to the gut. 

The musndar coot consists of two layers of fibres, an external, longitudinal, and an 
internal, cireiilai* layer. The lonf/iludhud fibres are tliinly scattci’cd over the surface of 
the intestine, and aie more distinct along its free bordcM*. The circidor fibres form a thick, 
uniform layoj‘, and arc (jom])osed of plain muscle-cells of considerable length. The 
muscular coat is thicker at the upper than at the lowxr ])art of the small intestinii. 

The areolar or siihniucous coat connects together tlie mucous and muscular layers. It 
consists of loose, filamentous areolar tissue (jontaining blood-vessels, lyunihatios, and 
nerves. 

The mucous membrane is thick and highly vascular at the upper part of tlie small 
intestine, but somewliat paler and tliinijcj* below\ It <;onsisls of the following structures : 
next till' areolar or submucous (ioat is a layer of longitudinal unstriped muscular fibres, 
the vuiscidaris luiicosir ; internal to this is a quantity of retiform tissue, enclosing in its 
meshes lymph -corpusides, and in which the blood-vessels and iH*rves ramify ; lastly, a 
basement-membrane, siip])orting a single layer of epithelial cells, whieli throughout the 
intestines arc coluninar in (character. The cells arc granular in appearance, and each 
jiosscsscs a clear oval nucleus. At their su]»erlieial oi‘ unattatdied ends they present a 
distinct la 3 ^er of liighly refracting material, marked by vertic;al strije (the striated border). 

The mucous nieml)rari(* presents for examination the following structures, contained 
within it or belonging to it : 

• 

Valvulae conniventes. j Duodenal glands. 

Villi. Glands ; Solitaiy glands. 

Simple follicles. I Bc^^er’s or agminated glands. • 

The valvulae conniventes or valves of Kcrki’ing (plic;.'e eircularos) are large folds or 
valvular flaps projecting into the lumen ot the l)owel. 'J^hey are composed of reduplications 
or folds ot the inucjous membrane, the two layers of the fold being bound together by sub- 
mucous tissue ; unlike the folds in the stomach, they are permanent, and are not obliterated 
when the intestine is distended. The majority extend transversely across the cylinder ol 
the intestine for about ono-half or two-lliii'ds of its cii’cumfcrcnce, but some foriri com])lete 
circles, and others have a sifiral direction ; the latter usually extenj a little mojc than onev 
I’ound the bowel, but occasionally tw'o or three times. The lai glu* folds arc about onc-third of 
an inch in depth at* their broadest part ; but the greater nuinber are of smaller size. The 
larger and smaller folds alternate with each other. They are noi- found at the commencement 
of the duodenum, but begin to appear about one or two inches beyond the pylorus. In 
the low^er part of the descending portion, below the jjoint where the bile and pancreatic 
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ducts enter the intestine, they are very large and closely approximated. In the transverse 
portion of the duodenum and upper half of the jejunum they are large and numerous, but 
from this point, down to the middle of the ileum, lliey diminidi considerably in size. In 
the lower part of the ileum they almost entirely disappear ; hence the comparative thinness 
of this portion of the intoBtine, as com})ar^ with the duodenum and jejunum. The 
valvulie conniventes retard the passage of the food along the intestines, and afford an 
increased surface for absorption. 

The villi (villi intestinales) are highly vascular processes, projecting from the mucous 
membrane of the small intestine tliroughout its whole extent, and giving to its surface a 
velvety appearance. They are largest and most numerous in the duodenum and jejunum, 
and become fewer and smaller in the ileum. 

Structure of the villi (figs. 942, 943). — 'Jhe essential parts of a villus are : the lacteal 
vessel, the blood-vesse'ls, the epithelium, the basement-membrane, and muscular tissue 
of the mucosa, all being supported and held together by retiform lymphoid tissue. 


Fig. 942. — Diagrammatic section of a villus. (Watney.) 



m. 


ep. EpitJielium only purtiiilly sliinlr*d in. 1. Central chylc-vestwd : tlie ccUb lomiinR tho vespol have been loss 
shaded to dislinRiiisb tliein froiri the cells of the parenchyma of Uie villus, m. IJuscle-llbrus running up by 
tiic side of tlie cli,>lc-vcs.scl. It will be noticed Uint each muscle-llbre is surrounded by tlic rcticuluin, and 
by this reticulum the miiselw are ntlaclu'il to the cells forming tlie membrana propria, a,s at c', or to 
the reticulum of the villus. Ic. Lyinjib-corpuscles, murkccl by u spherical nucleus and a tlear zone of 
jirolojila.'sm. V. 1 pper limit of the dijle- vessel, r, e, e'. Colls forming tlie iiioinbraiia propria. It will 
be seen that there is hardly any difTercnce between the oelk of tlie parenchyTnu, the enduthehiim of the 
upper part of the ch} Ie-\ cs.sel. and the cells of the membrana propria. V. Itlbod-vcssels. c. Dark line at 
the base of the epithelium formed by the reticulum. It \^ill be seen that tlie reticulum penetrates 
between all the other elements of the villus. 'J’lie reticulum contains thickenings or ''nodal points.’ Tlie 
diagram sho«s that the cells of tlie iitiper ]iurt of tlie villus are larger and contain a larger zone of 
protoplasm than those of the lower part. ’J'he colls of the upper part of the chylc-vcsscl differ somewhat 
from those of the lowoi ]iart, in that they more nearly resemble the cpUr of the parenchyma. 


Tbt‘s(‘ strucliiiTs are arranged in llic following manner. Situated in the centre of the 
villus is the lacteal, terminating near the summit in a blind extremity ; running along 
this vessel arc iiiistriped muscular fibres ; surrounding it is a plexus of capillary vessels, 
the whole being enclosed by a basement-membrane, and covered by columnar epithelium. 
Those structures which are contained within tho basement-membrane — namely, the 
lacteal, tJic muscular tissue, and the blood-vessels— are surrounded and enclosed by a 
delicate reticulum wliiah forms the matrix of the villus, and in the meshes of which are 
found large flattened cells* each with an oval nucleus, and, in smaller numbers, 
lymph -corpuscles. Nerve-ljhres are contained \vithin the villi; they form ramitications 
throughout tho reticulum. 

The hcteals are in some cases double, and in some animals multijile. Situated in the 
axis of the villi, they commence by dilated ciecal extremities near to, but not quite at, the 
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summit of the villus. The walls are comiK)sed of a single layer of endothelial colls, the 
interstitial substance between the cells being continuous with the reticulum of the matrix. 


Fig. 943. — ^Villi of small intestine. (Cadiat.) 



Small artenj Ljjmplialic 


Fig. 944. — Longitudinal section 
of crypts of Ijiebcrkiihn. 
Goblct-ccIls seen among tlie 
columnar epithelial cells. 
(Klein and Noble Smith.) 


Fig. 945. — ^Transverse section of crypts of 
Lie})erkuhn. (Klein and Noble Smith.) 




The* muscular fibres are derived from 
the jnuscularis mucosie, and are arranged 
in longitudinal Inindles aimmd the lacteal 
vessel, extending Irom the base to the 
summit of the villus, and giving olf, 
laterally, individual musclc-cells, which 
are enclosed l)y the reticulum, and by 
it are attached to the basement-mem- 
brane. 

'YhQhloofhressels form a jdexus between 
the lacteal and the basement-membrane, 
and are enclosed in the reticular tissue. 
In tlie interstices of the capillary plexus 
are contained the cells of the villus. 

These structures are surrounded by the 
basement -membrane, which is made up ot 
a stratum of endothelial cells, and upon 
this is placed a layar of columnar epithe- 
lium. I'he rcftculum of the matrix is con- 
tinuous throuj^ the basement -membrane 
(that is, through the interstitial substance between tlie individual endothelial cells) with the 
interstitial cement- substance of the columnar cells on the surface of the villus. Jhus we 
are enabled to trace a direct continuity bctw'een the interior of the lacteal and the surface of 
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the villus by means of the reticular tissue, and it is along this path that the chyle pas^s 
in the process of absorption by the villi. That is to say, it passes first of all into the 
columnar epithelial cells, and, escaping from them, is carried into the reticulum of the 
villus, and thence into the central lacteal. 

The simple follicles, or crypts of Luberkhhn (gl. intostinalos) (figs. 944, 945), are found 
in considerable numbers over every part of the mucous membrane of the small intestine. 

Fig. 940. — Lymphoid nodule. 

Capsule 



They consist of minute tubular dc]>ressions of the mucous mcmlu’arK*, arranged perpen- 
dicularly to the surface, u])ori which they oi)cn by small circular apertures. They may be 
seen nith the aid of a lens, their orifices ap])caring as minute dots s(;ailerod bet^^een 
tlie villi. U’lioir walls are Ihin, consisting of a basement-membrane lined by columnar 
epithelium, and covered jou their exterior by capillary vessels. 

Tlie duodenal or Brunner’s glands (gl. duodcnales) 


947. — Patch of T’eyer’s glands. 
From tlie lower part of the ileum. 



are limited to the duodenum, and ai*o found in the 
submucous areolar tissue. Tliey arc laigest and 
most numerous near the })yloi us, forming an almost 
conijiletc layer in the tirst and ujijier half of the 
second i>ort ions of the duodenum. They then ]>egin 
to diminish in numbei*, and jirai-tically disajipcar at 
the junction of the duodenum and jejunum. They 
{ij*c small compound acino-tubular glands, consisting 
of a number of alveoli lined by shoit columnar 
epithelium and opening by a singleduct on the inner 
surface of the intestine. 

‘ The solitary glands (noduli lyraphatici solitarii) 
(iiL^ 94t)) are found scattered tliroughout the mucous 
membrane of the small intefctine, but are most 
iiuniei'ous in the lower part of the ileum. They arc 
small, round, lyin])hoid nodules ; their free surfaces 
are covered with rudimentary villi, exeejit at the 
summit, and eaih gland is surrounded by the open- 
ings of the follicles of IJ^eberkiilin. Each consists 
of a dense interlacing retiform tissue closely yiaeked 
with lymph-eorpuselcs, and ])ei-meatcd witli an 
abundant eat»illary network. The interspaces of the 


retifoi'iu tissue aj‘c continuous with larger lymph- 
H])aces w hkh smrouud the gland, thi'ough wliieh they communicate with the lacteal system. 
They are situated jiaivly in tlie submucous tissue, jmrtly in the mucous membrane, wliere 
they form slight projections of its ejiithelial layer, after having iienetraled the muscularis 


inucosflB. 


Payer’s glands (noduli lymiihatici aggregati) (figs. 947 to 949) may be regarded as 
aggregations of solitary glands forming circular or oval patches, from twenty to thirty in 
number, and varying in length from half an inch to foiu' inches. They are largest and 
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most numerous in the ileum. Jn the lower part of the jejunum they are small, circular, 
and few in number. They are occasionally seen in the duodenum. They are placed 
lengthwise in the intestine, and are situated in the portion of the tube most distant from 


Fio. 948. — ^Vei’tical section of one of Peyer’s patches from man, 
injected tli rough its lym2)hatic canals. 



a. \ illi with their cli>lo-iijssai?cw. b. KoUidcs of licberkiiiiii. c. MuMOul.iris muoosie. <7. CupuTa or aj)e\ of 
Holita; V Klinuls. <. klcsiul 7.oi)c <»£ gluiuls. f. Base of glaiuls. q. Toiotfi of exit of the ohylc-pasHugcs from 
tlio villi. and uiitraJM’c uit<i tlie true iniK'oiis membrane. 7/. BoUfonu arrangement of the lyrnpliatitw m 
tiic mesial /one. i. t'oursk' of the latter at the base of tlic glumls. k. ConUiicncc of the lymiiliaties 
oiioniiig imIo the vcswels ol the aubmucoiis tissue. /. l-’cllicular tissue of the hitter. 

tlio attachment of tlu* mesentery. Each jiateli is fojined of a grou]) of solitary glands 
covered with mucous nu'inbrane, but. the ])atche8 do not. as a rule, ])Ossess villi on their 
free suibices. "Jhey arc best marked in the young subject, be(5oirio indistinct in middle 
age, and sometimes disapjiearaltogetlier in 
advanced life. They are freely supfilied 
with blood-vessels, which foiiii an abun- 
dant. jilexiis around ea(;h follicle and give 
off line braneliGs wbieli permeate the lym- 
]>hoid tissue in the interior of the follicle. 

Tlic lynifiliatic j)l(‘xuscs arc especial ly 
abundant around llicse j)alehes (tig. 94H). 

Vessels and Nerves.— The jejunum and 
ileum arc sui>plie.d by the slijierior 
mesentericj arteiy, the brandies of w'bicb, 
having reached the attached liorder of the 
liovvel, run between the serous and mus- 
cular coats, w ith frequent inosculations to 
the free border, where they a Iso anastomose 
with other branches running round the 
oj)]»osito sui facc of the gut. From these 
vessels numerous tu-anches arc given oil, 
wliieli pierce the miuseulaj' coat, supply- 
ing it and forming an intricate jilexus in 
the submucous tissue. From lliis jilcxus 
minute vessels pass to the glands and villi 
of the mucous membrane. TJie veins 
have a similar course and aiTaiigement to 
the aj’leries. TJie hjrnjthaiics of the small 
intestine (laelcals) are arranged in two 
sets, those of the mucous memlirane and 
those of the muscular coat. 'J'lic lym})h- 
aties of the villi commence in these struc- 
tures in the manner described above, and 
form an intricate plexus in the mucous and submucous ♦issue, being joincjd by the 
lymphatics from the lymph-spaces at the bases of the solitary glands, and trom this jiass 
to larger vessels at the mesenteric border of the gul. Tlic Ijnnjiliatiesof tlie muscular coat 
are situated to a great extent between the two layers of muscular fibres, where they form a 


Fia. 949. — IVansvcrso section throiurh the 
equatorial plane of llirec of Peyer’s follicles 
from the rabbit 


... Ciqnllanj iietivorli 
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close plexus, and throughout their course communicate freely with the lymphatics from the 
mucous membrane, and empty themselves in the same manner into the origins of the 
lacteal vessels at the attached border of the gut. 

The nerves of the s^nutll intestines are derived from the plexuses of sympathetic nei’ves 
around the superior mesenteric artery. From this source they run to a plexus of nerves 
and ganglia situated between the circular and longitudinal muscular fibres {Anerhach^s 
plexus), from which the nervous branches arc distributed to the muscular coats of the 
intestine. From this plex us a secondary i)lcxus {Meissner's plexus) is derived, and is formed 


Fjq, 950. — Meissner’s plexus. (Klein and Noble Smith.) 



by branches which have ])crforuted the circular muscular fibres (fig. 950). This plexus 
lies between the muscular and mucous coats of the intestine; it also contains ganglia 
from which nerve-fibres pass to the inuscularis mucosii,^ and to the mucous membrane. 

The Larhe Intestine (Intestinum ckassum) 

The large ifitcHliiic extends from the termination of the ileum to the anus. 
It is about five feet in length, being one-fifth of tlio whole extent of the 
intestinal canal. It is largest at its commencement at the esccum, and gradually 
diminishes as far as tlio rectum, wliere there is a dilatation of considerable size 
just above the anal canal. It differs from the small intestine in its greater calibre, 
its more- fixed position, its sacmilated form, and in possessing certain appendages 
to its external coat, the appendices cpiploicce. Further, its longitudinal mus- 
cular fibres do not form a continuous layer around the gut, but are arranged 
in three longitudinal bands or tcenim. The largo intestine, in its course, 
describes an arch which surrounds the convolutions of the small intestine. 
It commences in the right iliac region, in a dilated part, the It ascends 

through tfie right lumbar and liypochondriac regions to the under surface 
of the liver ; it here takes a bend (the hepatic flexure) to the left, and passes 
transversely across the abdomen on the confines of the epigastric and umbilical 
regions, to the left 'liypochondriac region ; it then bends again (the splenic 
flexure) y and descends tlirough the left lumbar region to the left iliac fossa, 
where it becomes convoluted, and forms the sigmoid flexure ; finally it enters 
the pelvis, and descends along its posterior wall to the anus. The largo 
intestine is divided into the caecum, colon, rectum, and anal canal. 
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The caecum (intestinum cspcum), the commencement of the large intestine, 
is the large blind pouch situated below the ileo-csecal valve (fig. 951). Its 
blind end is directed downwards, and its open end upwards, communicating 
directly with the colon, of which this blind pouch appears to be the beginning 
or liead, and hence the old name of caput ccecum coli was applied to it. Its 
size is variously estimated by different authors, but on an average it may bo 
said to be two and a half inches in length and tlireo in breadth. It is situated 
in the right iliac fossa, above tlie outer lialf of Poupart-’s ligament : it rests on 
the Ilio-[)Soas muscle and lies immediately behind the anterior abdominal 
wall. As a rule, it is entirely enveloped by peritoneum, but in a certain 
number of cases (5 per cent., Berry) the peritoneal (covering is not complete, 
so that the upper part of the ]:)oaterior surface is uncovered and connected to 
the iliac fascia by connective tissue. The caecum lies quite free in the abdominal 
cavity and enjoys a considerable amount of movement, so that it may become 
herniat('d down the right inguinal canal, and has occasionally been found in 
an inguinal hernia on the left sid(\ The cajcum varices in shapes, but, according 
to Treves, in man it may bo classified under oru^ of four types. In early 


Fio. 951. — The copciim and appendix, with their arteries. 



foetal life it is sliort, conical, and broad £^t the base, with its apex turned 
upwards and inw'‘ards towards th(^ ileo-csecal junction. It then resembles 
the caecum of sqpie monkeys, c^.g. mangabey monkey. As the faitus grows 
the caecum increases in length more than in breadth, so that it forms 
a longer tube than in the primitive form and without the broad base,, 
but witli the same inclination imvards of the apex tow^ards tlie ilco-caecal 
junction. This form is seen in other monkeys : e.g. the spider monkey. 
As development goes on, the lower part of the tube ceases to grow and 
the u})per part becomes greatly increased, so that at birth there is a narrow 
tube, the vermiform appendix, han^ng from a conical projection, the caecum. 
This is the infantile form, and as it persists throughout life in about 2 per 
cent, of cases, it is regarded by Treves as the of his four types of 
human caeca. The caecum is conical and the appendix •rises from its a})ex. 
The three longitudinal bands start from the appontiix and are equidistant 
from each other. In the necond type, the conical caecum has become quadrate 
by the growing out of a saccule on eitlier side of the anterior longitudinal band. 
These saccules are of equal size, and the appendix arises from betw'een them, 
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instead of from tlie apex of a cone. This type is found in about 3 per cent, of 
cases. The third type is the normal type of man. Here the two saccules, 
which in the second type were uniform, have grown at unequal rates : the 
right with greater rapidity than the left. In consequence of tliis an apparently 
new apex has been formed by the growing downwards of the right saccule, 
and tlie oiiginal apex, ^ith the apj)endix attached, is pushed over to the left 
towards the ileo-caecal junction. The three longitudinal bands still start from 
the base of the appendix, but they are nflw no longer equidistant from each 
other, because the liglit saccule has grown between the anterior and postero- 
external bands, pushing lliem over to the left. Tliis type occurs in about 
tK) per cent, of cases. The fourth type is merely an exaggerated condition of 
the third ; the right saccuh*. is still larger, and at the same time the loft saccule 
lias become atrophied, so that the original apex of the ca-icum , \\ ith the appendix, 
is close to the ileo-ca3(;al junction, and the anterior band courses inwards to 
tJie same situation. This type is present in about 4 per cent, of cases. 

The vermiform appendix (processus vermiformis) is a long, narrow, 
worm-shaped tube, wliicli starts from what was originally the apex of the 
c^ocum, and may pass in several directions : upwards behind the caecum ; to 
the left behind the ileum and mesentery ; or downwards into the true jielvis. 
It varies from om^ to nine inches in length, its aveiagi^ being a little over three 
inches (8-3 cm.). It is retained in position by a fold of peritoneum, the rncfio- 
appendix, derived from the left leaf of the mesentery. This fold, in the 
majority of casi^s, is more or less triangular in sha])e, and as a rule cxt(*nds 
along the entire length of the tube. Between its two layers lies a considerable 
branch of the ileo-c*olic artmy, the appendicular arteiy (fig. 951). The ca.nal of 
th(^ ajipondix is small, extends throughout the Avholc length of the tube, and 
(iomniunicat(‘S with the caecum by an orifice which is placed below and behind 
the ileo-ca^‘al opening. It is sometimes guarded by a semilunar valve formed 
by a fold of mucous membrane, but this is by no means constant. Its coats 
are the same as those of the intestine : serous, muscular, submucous, and 
mucous. 

Structure. — TJic smms coat foriHH a coni])Iele invostnient lor the tube, except along tlio 
narrow line of attachment, of its mesentery in its proximal two-thirds. Tlie longiladiml 
imisadar fibres do not form thi’ee hands as in the greater part of tln^ large intestine, but 
invest the whole organ, except at one or two points whore both the longitudinal and circular 
tibres arc dcficitml so tliat tlie jicritoneal and submucous coats are contiguous over small 
areas. Tlie circular muscle tibre« form a much thicker layer than the longitudinal fibres, 
and arc separated from them by a small amount of connective tissue. The snbmncous 
cant is w^ell marked, and contains a large number of inasises of lymyihoid tissue W'hi(;li cause 
tlie mucous membrane to liulgc into the lumen and so render the latter of small size and 
irregular shajic. Tliti nniroiis membrane is hnod by columnar epithelium and resembles 
that of the rest of the large intestine, but the simple follicles are fewer in number. 

The ileo-caecal valve (valvula coli) (fig. 952). — The lower end of the ileum 
terminates by opening into th(^ inner and back part of the largo intestine, at 
the point of junction of the ca30um wdth the colon. Tlie opening is guarded 
by a valve, consisting of tw^o segments, an upper or colic and lower or ciccal, 
w'hich project into the lumen of the largo intestine. If the intestine has been 
inflated and dried, th(! segments arc of a semilunar shape. The upper one, 
nearly horizontal in direertion, is attached by its convex border to the line of 
junction of the ileum with the colon ; the lower segment, which is longer and 
■ more concave, is attaclied to the lino of junction of the ileum with the cajcum. 
At the (uids of the aperture the t^vo segments of the valve coalesce, and are 
continued as narrow membranous ridges around the (;anal for a short distance, 
forming the frcnula or rciiiiacula of tlie valve. The left or anterior end of the 
aperture is rounded ; the light or posterior is narrow and pointed. In the 
fresh (condition, or in specimens which have been hardened in situ, the segments 
project as thick cushion-like folds into the lumen of the large gut, while the 
opening between them may yiresent the appearance of a slit or may be 
somewhat oval in shape.^ 

Each segment of the valve is formed by a reduplication of the raucous 
membrane and of the cifcular muscular fibres of the intestine, the longitudinal 
fibres and peritoneum being continued uninterruptedly across from one portion 
of the intestine to the other. When these are divided or removed, the ileum 
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may be drawn outwards, and all traces of the valve will be lost, tlio ileum 
appearing to open into tlie large intestine by a funnel-shape^d orifice of large 
size. 

The surface of each segment of the valve directed towards the ileum is 
covered with villi, and presents the characteristic structure of the mucous 
niembrane of the small intestine ; while that turned towards the large intestine 
is d(;stitute of villi, and marked with the orifices of the numerous tubular 
glands peculiar to the mucous membrane of the large intestine. These 
difierences in structure continue as far as the free margin of the valve. 

When the (!a*cum is distended, the margins of the opening an^ apjuoxi mated 
so as to prevent any reflux into the ileum. This is believed to be due to 
tension or stretching of the retinacula of the valv<\ 

The colon is divided into five parts : the ascending, trtansverse, descending, 
iliac, and pelvi(\ 

Th(> ascending* colon (colon aseendena) is smaller in calibre than the ctecum, 
with which it is continuous. It passes ui^wards. from its commencement at 
the (^yecum, npj)osite the ileo-caccal valve, to the under surface of the right lobe 
of the liver, on the right of the gall bladder, wh(‘re it is lodg(‘d in a shallow 

Fia. 952. — Interior of tlie (wcum and lo er end of (jolori, showing ilco-ciecal valve. 



de])ression, the imjnessio colica ; here it bends abruptly foi'wards and to 
tin? left, forming the hepatic jlexvre (fl(‘.xura eoh dextra). It is retained in 
contact with the posterioi- wall of tlie abdomen by the peritommm, whicli 
covers its anterior surface and sides, its iiosterior surface being connect(‘d by 
loose areolar tissue with the Quadratus lumborum muscle, and with tlie front 
of the lower and outer part of the right kidney (fig. 95.'1). Sonudimes the 
peritoneum completely invests it, and forms a distinct but narrow mesocolon.* 
It is in relation, in front, with the convolutions of the ileum and the abdominal 
parietes. * 

The transverse colon (colon transversum), the longest and most movable 
part of the colon, passes transversely from tlie right liyijochondriac region 
across the abdomen, opposite the confines of tlu^ epigastric and umbilical 
zones, into the left hypochondriac region, where it curves downwards beneath 
the lower end of the spleen, forming the splenic Jlexurc (llexura coli sinistra). 
In its course it describes an arch, the concavity of which is directed backM aids 
and a little upwards. It is almost corniilelcly invested by peritoneum, and 
is connected to the posterior abdominal wall by a large and wide duplicatun^ 

* Treves sttites that, after a careful cxamiiiatioii of onc! liuiulrcrl subjects, he found that in 
fifty -two there was neither an ascending nor a descending mesoeoloii. In twenty-two there 
was a descending mesocolon, but no trace of a corresponding fold #n the other side. In 
lourtcen subjects there was a mesocolon to both the ascending aTid the descending segments 
ot the bowel ; while in the remaining twelve there was an asq^nding mesocolon, but no 
corresponding fold on the left side. It follows, therefore, that in performing lumbar colotomy 
a rnesocolon may be expected upon the left side in :i(> per cent, of all cases, and on the right 
in 26 per cent . — The Anatomy of the Intestinal Canal and Pcritom'nm in Man, 18H5, p. 55. 
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of that membrane, the transverse mesocolon. It is in relation, by ils upper 
surface, with the liver and gall-bladder, the great curvature of the stomach, 
and the lower end of the spleen ; by its under surface, with the small intestines ; 

Fig. 953. — Diagram of the relations of the large intestine and kidncj^s, from hohind. 
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by its anterior surface, with the anterior layers of the great omentum and the 
abdominal parietes ; ‘its posterior surface is in relation from right to left 
with the second portion of the duodenum, the head of the pancreas, and some 
of the convolutions of the jejunum and ileum. 
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The splenic flexure (flexura coli sinistra) is situated at the Junction of the 
transverse and descending parts of the colon, and is in relation with the lower 
end of the sy)leeu and the tail of the pancreas. It lies at a higher level than, 
find on a plane posterior to, fhe hepatic flexure, and is BttBcbed to the 
Diapliragrn, opposite tlio tenth and eleventh ribs, by a peritoneal fold, named 
th(i jtltrmocolic oi- cosiocoUc ligament, Avhich assists in supporting the lower 
end of the spleen (see page 1129). 

Tlie descending* colon (colon dcsccndens) passes downwards through the 
left hypochoTidrijic and lumbar rt^gions along the outer border of the left 
kidiKiy. At the lower end of the kidney it turns inwards towards the outer 
border of the Psoas muscle, along which it descends to the crest of the ilium, 
where it terininntcs in the iliac colon. It is retained in position by the 
peritoneum, \vhich covers its anterior surfac^e and sides, its posterior surface 
being connected by areolar tissue mth the outer border of the left kidney, and 
with tlio Quadrat us lumborum muscle (fig. 953). It is smaller in calibre and 

Fig, 954. — llie-pelvic colon and rectum seen from the front, after removal of 
pubic bones and bladder. 



more deeply placed than the ascfinding colon, and is more frequently covered 
with peritoneum on its posterior surface than the ascending colon (Treves), 

The iliac colon (fig. 954) is situated in the left iliac fossa, and measures 
about five or six inches in lengtJi. It begins at the level of the iliac crest, where 
it is continuous with the descending colon, and ends in the pelvic colon at the 
brim of the pelvis. It curves downwards and inwards in front of the Iliacus 
and Psoas, and, as a rule, is covered by peritoneum on its sides and anterior 
surface only. 

The pelvic colon (fig. 954) forms a loop which averages about sixteen inches 
in length, and normally lies within the pelvis, but on account of its freedom of 
movement it is liablo to be displaced into the abdominal ca^ty. It begins at* ^ 
the brim of the pelvis, w^here it is continuous with the p^ic colon, and passes • 
transversely across the front of the sacrum to the right side of the pelvis ; it 
then curves on itself and turns towards the left to reach the middle line at 
the level of the third piece of the sacrum, where it bends downwards and ends 

4b 
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in the rectum. It is completely surrounded by peritoneum, which forms a 
mesentery (pelvic mesocolon) : . the mesentery diminishes in length from the 
centre towards the ends of the loop, where it disappear|, so that the loop is 
fixed at its junctions with the iliac colon and rectum, but enjoys a considerable 
range of movement in its central portion. 

Relations of the pelvic colon. — Behind the pelvic colon are the external 
iliac vessels, the loft Pyriformis muscle, and left sacral plexus of nerves ; in 
front, it is separated from the bladder in the male, and the uterus in the 
female, by some coils of the small intestine. 

The rectum is continuous above with the pelvic colon, whilst below it 
ends in the anal canal. From its origin at the level of the third sacral vertebra 
it passes downwards, lying in the sacro-ooccygeal curve, and extends for 
about an inch in front of, and a little below, the tip of the coccyx, as far as 
the apex of the prostate gland. It then bends sharply backwards into the 
anal canal. It therefore presents two antero-posterior curves : an upper, 
with its convexity backwards, and a lower, with its convexity forwards. Tu'o 
lateral curves are also described, one to the right opposite the junction of 
the third and fourth sacral vertebrae, and the other to the left, opposite the 
left sacro-coccygeal articulation ; they are, however, of little importance. 
The rectum measures about five inches in length, and at its commencement 
its calibre is similar to that of the pelvic colon, but near its termination it is 
dilated to form tlie rejctal ampulla. The rectum has no sacculations comparable 
to those of the colon, but a sacculated condition, due to tlie presence in its 
interior of valves (shortly to be described) is sometimes seen. 

The peritoneum is related to the upper two- thirds of the rectum, covering 
at first ita front and sides, but lower down its front only ; from the latter it is 
reflected on to the seminal vesicles in the male and the posterior vaginal wall 
in the female. 

The level at whicli the peritoneum leaves the anterior wall of the rectum 
to be reflected on to tlie viscus in front of it is of cjonsiderable importance from 
a surgical point of view, in connection with removal of tlie lower part of the 
rectum. It is higher in the male than in the female. In the former the height 

of the recto- vesical pouch is about 
three inches : that is to say, the 
height to which an ordinary index 
finger can reach from the anus. 
Ip the female the height of the 
recto-vaginal pouch is about two 
and a quarter inches from the 
anal orifice. The rectum is sur- 
rounded by a dense tube of 
fascia derived from the fascia 
endopelvina, but fused behind 
with the fascia covering the 
sacrum and coccyx. The fascial 
tube is loosely attached to 
the rectal wall by areolar tissue 
in order to allow of distension of 
the viscus. 

Relations of the rectum. — 

The upper part of the rectum 
is in relation, behind, with the 
superior hiemoiThoidal vessels, 
the left Pyriformis muscle, and 
left sacral plexus of nerves, which 
separate it -from the anterior sur- 
faces of the sacral vertebrae ; in 
its lower part it lies directly on 
the sacrum, coccyx, and Levar 
tores ani, a dense fascia alone 
intervening ; in front, it is sepa- 
rated above, in the male, from the posterior surface of the bladder ; in'the 
female, from the posterior surface of the uterus and its appendages, by some 


Fia. 955. — Coronal section through the anal 
canal. (Symington.) 



B. Cavity of bladder, v.n.' Vas d^crens. B.v. Seminal veside. 
^ R. Second port of rectum. A.o. Anai canal. Ij.a. licvator 
oni. Lfi. Intomal sphincter. B.8. External sphinoter. 
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convolutions of the small intestines and frequently by the pelvic colon ; below, 
in the male, it is in relation with the triangular portion of the base of the 
bladder, the vesiculse seminales, and vasa deferentia, and more anteriorly 
with the posterior surface of the prostate ; in the female, with tlio posterior 
wall of the vagina. 

The anal canal (fig. 956) or terminal portion of the large intestine begins 
at the level of the apex of the prostate, is directed downwards and backwards, 
and ends at the anus. It forms an angle with the lower part of the rectum, and 
measures from an inch to an inch and a half in length. It has no peritoneal 
covering, but is invested by the Sphincter ani internus, supported by the 
Levatores ani, and surrounded at its termination by tlie Sphincter ani externus. 
In the empty condition it presents the appearance of an antero-posterior 
longitudinal slit. Behind it, is a mass of muscular and fibrous tissue, the ano- 
coccygeal body (Symington) ; in front of it, in the male, are the membranous 
portion and bulb of the urethra, and the base of the triangular ligament ; and 
in the female it is separated from the lower end of the vagina by a mass of 
muscular and fibrous tissue, named the 'perineal body. 

Structure of the colon. — The large intestine has four coats : serous, muscular, areolar, 

and mucous. ^ ■ r 4 . 1 , 

The serous emt is derived from the peritoneum, and invests the different portions of the 
large intestine to a variable extent. The caecum is completely covered by the serous 
membrane, excej)t in about 5 per cent, of oases where the upper part of the posterior surface 
is uncovered. Tlie ascending, descending, and iliac parts of the colon are usually covered 
onl}' in front and at the sides ; a variable amount of the posterior surface is uncovered. 
The transverse colon is almost completely invested, the parts corresponding to the attach- 
ment of the groat omentum and transverse mesocolon being alone excepted. • The pelvic 
colon is entirely surrounded. The rectum is covered above on its anterior surface and 
sides ; below, on its anterior aspect only ; the anal canal is entirely devoid of any serous 
covering. In the course of the colon the peritoneal coat is thrown into a number of small 
pouches filled with fat, called appendices epiploicm,- They are most numerous on the 

transverse colon. ,.11 

The muscAdar coat consists of an external longitudinal, and an internal cu’cular, layer 
of non-striped muscular fibres. 

The longitndiruil fibres do not form a continuous layer over the whole surface of the 
large intestine. In the ctecum and colon they are especially collected into three ilai 
longitudinal bands (imnice coli), each of about half an inch in width, Tlio vermiform 
appendix is surrounded by a uniform layer of longitudinal muscular fibres, and these 
bands commence at the attachment of the appendix to the cjecum ; one, the potslerior, 
is placed along the attached border ®f the intestine ; the anterior, the largest, corresponds 
along the arch of the colon to the attachment of the great omentum, but is in front in the 
ascending, descending and iliac parts of the colon, and in the pelvic colon ; the third, or 
lateral band, is found on the inner side of the ascending and descending parts of the colon, 
and on the under aspect of tlie transverse colon. These bands are shorter than the other 
coats of the intestine, and serve to produce the sacculi which are characteristic of the 
caecum and colon ; accordingly, when they are dissected oil, the tube can be lengthened, 
and its sacculated character becomes lost. In the pelvic colon the longitudinal fibres become 
more scattered ; and round the rectum they spread out and form a layer, which completely 
encircles this portion of the gut, but is thicker on the anterior and posterior surfaces, 
where it forms two bands, than on the lateral sui'faces. In addition, two bands of plain 
muscular tissue arise from the second and third coebygeal vertebrae, and pass downwards 
and forwards to blend with the longitudinal muscular fibres on the posterior wall of the anal 
canal. These are knewn as the rex^to-coccygeal muscles. 

The circular fibres form a thin layer over the caecum and colon, being especially 
accumulated in the intervals between the sacculi ; in the rectum they form a thick 
layer, and in the anal canal they become numerous, and constitute the Internal sphincter. 

The areolar coat connects the muscular and mucous layers closely together. 

The mucoTis membrane, in the cascum and colon, is pale, smooth, destitute of villi, and 
raised into numerous crescentic folds which correspond to the intervals between the sacculi. 
In the rectum it is thicker, of a darker colour, more vascular, and connected loosely to the 
muscular coat, as in the oesophagus. When the lower part of the rectum is contracted, 
its mucous membrane is thrown into a number of folds, which are longitudinal in direction 
and are effaced by the distension of the gut. Besides these there Me certain permanent 
horizontal folds, of a semilunar shape, known as Houston’s valves ffig. 956 ).t They are. 
usually three in number ; sometimes a fourth is found, and occasionally only two are present. 
One is situated near the commencement of the rectum, on the ri^t side ; a second extends 


* See footnote, p. 1161. 


t DMin Hosp, Reptyris, vol. v. p. 163. 
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inwards from the left side of the tube, opposite the middle of the sacrum ; a third, the 
largest and most constant, projects backwards from the fore part of the rectum, opposite 
the base of the bladder. When a fourth is present, it is situated nearly an inch above the 
anus on the left and posterior wall of the tube. These folds are about half an inch in 
width, and contain some of the circular fibres of the gut. In the empty state of the intes- 
tines they overlap each other, as Houston remarks, so effectually as to require considerable 
manoeuvring to conduct a bougie or the finger along to the canal of the intestine. Their 
use seems to be, ‘ to support the weight of faecal matter, and prevent its urging towards the 
anus, where its presence always excites a sensation demanding its discharge.’ * 

The lumen of the anal canal presents, in its upper half, a number of vertical folds, 
produced by an infolding of the mucous membrane and some of the muscular tissue. They 
arc known as the columns of Morgojgni (fig. 956), and are separated from one another by 
furrows, which terminate below in small valve-like folds, termed awil valves, which join 
together the lower ends of the columns of Morgagni. 

As in^ the small intestine, the mucous membrane consists of: a muscular layer, the 
musculaiis mucosa3 ; a quantity of retiform tissue in which the vessels ramify ; a 


Fig. 956. — Coronal section of 
rectum and anal canal. 



Fig, 957. — ^Transverse section of large 
intestine. 
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basement-membrane and epithelium which is of 
the columnar variety, and exactly resembles the 
epithelium found in the small intestine. The 
mucous membrane of the large intestine presents for examination simple follicles and 
solitary glands. 

The simple follicles (glands of lieberkuhn) are minute tubular prolongations of the 
mucous membrane arranged perpendicularly, side by side, over its entire surface ; they 
are longer, more numerous, and placed in much closer apposition than those of the small 
intestine ; and they open by minute rounded orifices upon the surface, giving it a cribriform 
appearance. Each gland is lined by short columnar epithelium and contains numerous 
goblet cells. 

The solitary glands (fig. 957) of the large intestine are most abundant in the csBCum and 
wmiform appendix, but are irregularly scattered also over the rest of the intestine. 
They are similar to those of the small intestine. 

VesBelB and Nerves.— The arteries supplying the colon are derived from the colic and 
fitoagigjran^^oL fhe^mesent^ ^ ^ art eries. They give off large branch^ 'wlicBTPSmify 
between and supply the muscular cdaf87 and after dividing into small vessels in the 
submucous tissue, pass to the mucous membrane. The re ctum is supplied by 

* Paterson (The form of the rectum, Journal of Anatomy a/nd Physiology, vol. xliii.) 
utilises the third fold fon the purpose of dividing the rectum into an upper and a lower 
portion ; he^ considers the latter ‘ to be just as mucli a duct as the narrower anal canal below,’ 
and maintains- that, under normal conditions, it docs not contain faices except during the act 
of defaecation. ■ 
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^gjgggh oid aj braaoh-of^ the inferior mesenteiric, and the anal oawl bj the middle - 
ng gmprimoidaj from the Intern^ iliac, aDd..tha.ixLferior haagiAliroiil^^ the“piitli(3 ~ 
The "superior hoBmo^oiHal, the continuation of the iraj^ior mesenteric, divides ^ 
into two branches, which run down either side of the rectum towithin about five inches of 
the anus ; they here split up into about six branches, whiefi pierce the muscular coat and 
descend between it and the mucous membrane in a longitudinal direction, parallel with each 
other as far os the Interna] sphincter, where they anastomose with the other hasmorrhoidal . 
arteries and form a series of loops around the anus. The veins of the rectum commence * 
in a plexus of vessels which surrounds the anal canal. In the vessels forming this plexus 
are small saccular dilatations just within the margin of the anus ; from the plexus about 
six vessels of considerable size are given off. These ascend between the muscular and 
mucous coats for about five inches, running parallel to each other ; thejr then pierce the 
muscular coat, and, by their union, form a single trunk, the superior hicmorrhoidal vein. 
This arrangement is termed the hmnwrrhoidal plexus i it communicates with the tribu- 
taries of the middle and inferior haemorrhoidal veins, at its commencement, and thus a 
communication is ‘ established between the systemic and portal circulations. The nerves 
are derived from the sympathetic plexuses around the branches of the superior and inferior 
mesenteric arteries. They are distributed in a similar way to those found in the small 
intestine. 

The lymphatics of the large intestine an, described on page 

Surface Relations , — ^The coils of the small intestine occupy 1'^® abdomen, 

below the transverse^, colon, and are covered • lore or less completely o^jje great omentum. 
For the most part the coils of the jejunum occupy the left side of the abdominal cavity, 
i.e. the left lumbar and iliac regions and the left half of the umbilical region ; while the 
coils of the ilium are situated to the right, in the right lumbar and iliac regions, in the right 
half of the umbilical I'egion, and also in the hypogastric region. The cajcum is situated 
m the right iliac region. Its position varies slightly, but the mid-point of a line drawn 
from the anterior superior spinous process of the ilium to the symphysis imbis will about 
mark the middle of its low^cr border. It is com]>arativcly superficial. From it the a8(;ending 
colon jiasHcs upwaixls through the right lumbar and hypochondriac regions, and becomes 
more deejily situated as it ascends to the hei)atic tloxure, which is deeply placed under 
cover of the liver. Iho transverse cjolon crosses the belly transversely on the confines 
of the umbilical and epigastric regions ; its lower border being on a level slightly, above 
the umbilicus, its upper border just below the greater curvature of the stomach.* The 
splenic flexure of the colon is situated })chind the stomach in the left hypochondrium, 
and is on a higher level than tlie hepatic flexure. The descending colon is deeply seated, 
passing down through ilie left hypochondriac and lumbar regions to the sigmoid flexul'c, 
whicli is situated in the loft iliac, region and can be felt in thin ))ersons, with relaxed abdominal 
walls, rolling under the fingers wd\en empty, and when distended forming a distinct tumour. 
The position of the base of the vermiform appendix is indicated by a point an inch and a 
half from the riglit anterior superior spinous process of the ilium, in a lino drawn from this 
process to the umbilicus. This is known as McBurneys spot. Another modo of defining 
the position of tlio base of the appendix is to draw a line between the anterior superior 
iliac spines, marking tlie point whore this line intersects the right semilunar line. 

Peristalsis of the coils of the small intestine can bo observed in some persons with 
extremely thin abdominal walls, when some degree of constipation exists ; it is, however, 
of great importance as a diagnostic sign of chronic intestinal obstruction, and when 
sucli is suspected, should bo always looked for. Owing to the resistance offered to the 
passage of the bowel contents for some period, hypertrophy of the muscular coats of 
the intestine takes place, and the peristaltic movements of the distended gut may become 
distinctly visible through the normal thickness of abdominal wall. 

In cases of obstruction near the iloo-csecal junction the distension of the small intestine 
gives rise to a marked prominence of the central portion of the abdomen, whereas if the 
obstruction be low down in the large gut, the whole course of the colon may be seen mapped 
out, thus giving risef to distension in the fianks and transversely about the level of the 
umbilicus. Thus valuable information as to the seat of the obstruction may often be 
obtained from simple inspection of the abdomen. Great distension of the int^tines also * 
occurs in peritonitis and in typhoid fever. 

Upon introducing the finger into the male rectum, the membranous portion of the urethra 
can be felt exactly in the middle line if an instrument has been introduced into the bladder ; 
above this the prostate gland can be recognised by its shape and hardness and any enlarge- 
ment detected ; behind the prostate the fluctuating wall of the bladder when firil can be 
felt, and if thought desirable, can be tapped in this situation ; on either side of and behind 
the prostate the vesicula seminalis can be readily felt, especially if enlai'ged by tuberculous 
disease. Behind, the coccyx is to be felt ; and on the mucous meipbrane one or two of 
Houston’s folds. The ischio-rectal fossa can be explored on either side, with a view to 

* The trausverse colon frequently sags downwards, especially iiT those affected with chronic 
constipation ; when the abdomen is opened it is not unusual to find the upper border of the 
colon distinctly below the umbilicus, and in some cases the convexity of this portion of the 
large intestine roaches the pelvic brim. 
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ascertaining the presence t)f deep-seated collections of pus. Finally, it will be noted that 
the finger is firmly gripped by the Sphincter for about an inch up the bowel. 

Applied Anatomy , — ^The small intestines are much exposed to injury, but, in con- 
sequence of their elasticity and the ease with which one coil glides over another, they 
are not so frequently ruptured as would otherwise be the case. Any part of the small 
intestine may be ruptured, but probably the most common situation is the transverse 
duodenum, on account of its being more fixed than other portions of the bowel, and because 
it is situat^ in front of the bodies of the vertebras so that if this portion of the intestine i^ 
struck by a sharp blows as from the kick of a horse, it is unable to glide out of the way, 
but is compressed against the bone and so lacerated. Wounds of the intestine sometimes 
occur. If the wound is a small puncture, under, it is said, three lines in length, no extravasa- 
tion of the contents of the bowel takes place; the mucous membrane becomes everted 
and plugs the little opening. The small intestine, and most frequently the ileum, may 
become strangulated by internal bands, or through apertures, normal or abnormal. The 
bands may be formed in several different ways : they may be old peritoneal adhesions 
from previous attacks of peritonitis ; or an adherent omentum from the same cause; or the 
band may be formed by Mookel’s diverticulum, which has contracted adhesions at its 
distal extremity ; or it may bo the result of the abnormal attachment of some normal 
structure, as the adhesion of two appendices e})iploic{e, or an adherent vermiform appendix 
or Fallojuan tube. Intussusception, most commonly an invagination of the small intestine 
into the large, may take .place ; it may attain great size, and it is not uncommon in these 
cases to find the ileo-ca^cal valve projecting from the anus. Stricture, the impaction of 
foreign bodies, and twisting of the gut (volvulus) may also lead to intestinal obstruction. 

Resection of a })ortion of the intestine may be required in cases of gangrene ; for 
the removal of new growth in the bowel ; in dealing with artificial anus ; and in cases of 
rupture. The operation is termed enierectomy, and is performed as follow^s : the abdomen 
having been opened and the amount of bow'el requiring removal having been determined 
upon, the intestine must be clamped on either side of this portion in order to prevent the 
escape of any of its contents during the operation. The portion of the bow^el is then 
separated above and below by means of scissors. If the portion resected is small, it may 
be simply removed from the mesentery at its attachment, and the bleeding vessels tied ; 
but if it be large it will be necessary to take away a triangular piece of the mesentery, and, 
having secured the vessels, suture the cut edges of this structure together. In doing this, 
care must be taken not to leave any intestine projecting beyond the line of the section of 
mesentery, as gangrene is very likely to 0(;cur in the projecting part if this is done. The 
surgeon then proceeds to unite the cut ends of the bowel together by what is termed end-to- 
end anastomosis. There are many ways of doing this, which may be divided into two 
classes, one where the anastomosis is made by means of some mechanical appliance, sudi 
as Murphy’s button, or one of the forms of decalcified bone bobbin ; and the otlier, where 
the operation is performed by suturing the ends of the bowel in such a manner that the 
peritoneum covering the tw o divided ends is brought into contact, so that speedy union 
may ensue. 

The vermiform appendix is very liable to become inflamed, because it contains a 
relatively largo amount of lymphoid tissue wiiich is })rone to bacterial infection. In many 
cases the inflammation is set up by the impaction in it of a solid mass of fasces or a foreign 
body, or by the inspissation of its mucous secretion in catarrhal conditions. Tlie inflamma- 
tion may result in ulceration and perforation, or if very acute in gangrene of the appendix. 
These conditions generally require immediate operative interference, and in chronic cases 
with recurring attacks of inflammation it is generally advisable to remove this diverticulum 
of the bowel, in incising the abdominal wall for this operation, the muscles should bo 
split in the direction of their fibres rather than cut across in order to prevent subsequent 
w'eakening of the abdominal parietes^and the occurrence of a ventral hernia. After the 
appendix has been removed it is better to suture the planes of the abdominal wall 
separately. 

In external hernia the ileum is the portion of bowel most frequently herniated. When 
a part of the large intestine is involved it is usually the caecum, and this may occur even on 
the left side. In some few cases the vermiform appendix has been the part implicated in 
strangulated hernia. 

Chronic ulcer ot the duodenum is sometimes met with, probably produced by the 
same causes as chronic ulcer of the stomach. It may perforate and set up a rapidly fatal 
peritonitis, or it. may open into one of the large duodenal vessels and cause death from 
hssmorrhage. An acute ulcer sometimes, but rarely, follows extensive burns of the skin. 

The calibre of the large intestine gradually diminishes from the caecum, which has 
the greatest diameter of any part of the bowel, to the point of junction of the pelvic 
colon with the rectujgi. At or a little below this point stricture most commonly occurs, 
and diminishes in frequency as one proceeds upwrards to the caecum. When distended 
by some obstruction low down, the outline of the large intestine can be defined throughout 
nearly the whole of its cohrse — all, in fact, except the hepatic and splenic flexures, which 
are more deeply placed ; the distension is most obvious in the flanks and on the front of 
the abdomen just above the umbilicus. The caecum, however, is the portion of the bowel 
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which becomes most distended. It may assume enormous dimensions, and has been known 
to give way from the distension, causing fatal peritonitis. The hepatic flexure and the 
right extremity of the transverse colon are in close relationsliip with the liver, and abscess 
of this viscus sometimes bursts into the gut in this situa tion. The gall-bladder may become 
adherent to the colon, and gall-stones may find their way through into it and may 
become impacted or may bo discharged per anum. The mobility of the pelvic colon 
renders it more liable to become the seat of a volvulus or twist than any other part 
of the intestine. It generally occurs in patients who have been the subjects of 
habitual constipation, and in whom, therefore, the mesocolon is elongated. The gut 
at this part, being loaded with faeces, falls over the part below, and so gives rise to the 
twist. 

Hernia. — ^Tho two chief sites at which external hernia may take place are the inguinal 
region and the crural canal. The description of the inguinal canal and its relations will 
be found on page 1205 and that of the crural canal on pages 708 and 709. Some 
points in regard to the disposition of the peritoneum in these regions may, liowever, bo 
recapitulated here. 

Between the upper margin of the front of the pelvis and the umbilicus, the peritoneum, 
when viewed from behind, will be seen to be raised into live folds.with intervening depressions, 
by more or less prominent bands which converge to the umbilicus (lig. 924). The urachus, 
situated in the middle line, is covered by a fold of peritoneum known as the plica urachi. 
On either side of this a fold of peritoneum round the obliterated hypogastric artery forms 
the plica hypngaslrica. To either side of these three cords is the deep epigastric artery 
covered by the plica epigastrica. Between these raised folds are depressions constituting 
the so-called fossjc. The most internal, between the plica urachi and plica hypogastrica, 
is known as the internal inguinal foasaiioy^a supravesioalis). The middle one is situated 
between the plica hypogastrica and plica epigastrica, and is termed the middle inguinal 
fossa (fovea inguinalis mesialis). The external one is external to the plica epigastrica, 
and is know'n as the external inguinal fossa (fovea inguinalis lateralis). Occasionally the 
deep epigastric artery corresponds in position to the obliterated hypogastrig artery, and 
then there is but one fold on each side of the middle line. In the usual position of the 
parts, the floor of the external inguinal fossa corresponds to the internal abdominal ring, 
and into this fossa an oblique inguinal hernia descends. To the inner side of the plica 
epigastrica are tlie tw’o internal fossai, and through either of these a direct hernia may 
descend. The whole of the space between the deep epigastric artery, the margin of the 
Rectus, and Poupart’s ligament, is known as Hesselbach’s triangle. Below the level of 
Poupart’s ligament is a small depression corresix)nding to the position of the crural ring. 
It is known as femoral fossa, and into it a femoral hernia descends. 

Inguinal hernia. — Inguinal hernia is that form of 2 )rotru 8 ion which makes its w ay through 
the abdomen in the inguinal region. There are two iirincipal varieties of it : external or 
oblique, and internal or direct. ♦ 

In oblique inguinal hernia the intestine escai>es from the abdominal cavity at the 
internal ring, pushing before it a iiouch of ijeritoneum which forms the hernial sac. As 
it enters the inguinal canal it receives an investment from the extra-peritoneal tissue and 
is enclosed in the infundibuliform fascia. In passing along the inguinal canal it displaces 
upwards the arched fibres of the Transversalis and Internal oblique, and receives a covering 
of Cremaster muscle and cremasteric fascia. It then jiasses along the front of the spermatic 
cord and escapes from the inguinal canal at the external ring, becoming invested by 
intercolumnar fascia. Lastly it descends into the scrotum, receiving coverings from the 
superficial fascia and the integument. 

The seat of stricture in oblique inguinal hernia is at either the external or internal 
abdominal ring ; most frequently in the latter situation. If it is situated at the external 
ring, the division of a few fibres at one point of the circumference is all that is necessary 
for the replacement of the hernia. ]f at the intefnal ring, it is necessary to divide the 
aponeurosis of the External oblique so as to lay open the inguinal canal ; in dividing 
the aponeurosis th^ incision should be directed parallel to Pou 2 )arPs ligament, and the 
constriction at the internal ring should then be divided directly ui)wai‘ds. 

When the intestine passes along the inguinal canal and escapes from the external ring • 
into the scrotum, it is called complete oblique inguinal or scrotal hernia. If the intestine 
does not escape from the external ring, but is retained in the inguinal canal, it is called 
incomplete inguinal hernia or bubonocele. In each of these cases the coverings which 
invest it will depend upon the extent to which it descends in the inguinal canal. 

There are some other varieties of oblique inguinal hernia (fig. 958) depen^Jing upon 
congenital defects in the processus vaginalis, the pouch of peritoneum which precedes the 
descent of the testis. Normally this pouch is closed before birth, closure commencing at 
two points, viz. at the internal abdominal ring and at the top of the epididymis, and 
gradually extending until the whole of the intervening portion is converted into a fibrous 
cord. From failure in the completion of this process, variations in the relation of the 
hernial protrusion to the testis and tunica vaginalis are produced ; these constitute distinct 
varieties of inguinal hernia, viz. congenital, infantile, encysted, and hernia of the funicular 
process. 
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Where the processus vaginalis remains patent throughout, the cavity of the tunica 
vaginalis communicates directily with that of the peritoneum. The intestine descends 
along this pouch into the cavity of the tunica vaginalis which constitutes the sac of the 


Fig. 968. — ^Varieties of oblique inguinal hernia. 







K. Hornia into the funicular prooees. 


hernia, and the gut lies in contact with the testis. Though this form of hernia is termed 
congenital^ the term does n&t imply that the hernia existed at birth, but merely that a 
condition is present which may allow of the descent of the hernia at any moment. As a 
matter of fact, congenital hemise frequently do not appear till adult life. 



APPLIED ANATOMY OP. INTESTINE 


1161 


Where the processus vaginalis is occluded at the internal ring only and remains patent 
throughout the rest of its extent two varieties of oblique inguinal hernia may bo produced, 
viz. infantile and encysted hemiae. In the infantile form (fig. 958, o) the bowel presses 
upon the peritoneum in the immediate neighbourhood of the septum and causes it to yield 
and form a sac which descend^ behind the tunica vaginalis ; so that in front of the bowel 
there are throe layers of peritoneum, the two layers of the tunica vaginalis and its own sac. 
In the encysted form (tig. 958, i>) pressure at the occluded spot causes the septum to yield 
and form a sac which projects into tlie tunica vaginalis, forming thus a sac within a sac, so 
that in front of the bowel there are two layers of peritoneum, one from the tunica vaginalis, 
and one from its own sac. 

Where the processus vaginalis is occluded at the lower point only, i.e. just above the 
testis, the intestine descends into the pouch of peritoneum as far as the testis, but is pre- 
vented from entering the sac of the tunica vaginalis by the septum w'hich has formed 
between it and the pouch. This is known as hernia into the funicular process ; it resembles 
the congenital form excejit that instead of enveloping the testis it lies above it. 

In direct inguinal hernia the protrusionmakesits way through some part of Hcsselbach’s 
triangle, either through (a) the outer part, where only extra-peritoneal tissue and trans- 
versalis fascia intervene between the peritoneum and the aponeurosis of the External oblique ; 
or through (h) the conjoined tendon whie.h stretches across the inner two-thiids of the 
triangle between the artery and the middle line. In the former the hernial protrusion 
escapes from the abdomen on the outer side of the conjoined tendon, jmshos before it the 
peritoneum, extra- peritoneal tissue and trar.wersalis fascia, and enteM. the inguinal canal. 
It passes along nearly the whole length of the canal and finally emerges from the external 
ring, receiving an investment from the intercolumnar fascia. The coverings of this form 
of hernia are similar to those of the oblkpie form, except that a portion derived from the 
general layer of transvcrsalis fascia replaces the infiindibuliform fascia. 

In the second form, which is the more frequent, the hernia is either forced through 
the fibre's ol the conjoined tendon, or the tendon is gradually distended in front of it so as 
to form a com])let(j investment for it. The intestine then enters the lowc^ end of the 
inguinal canal, esca])es at the external ring, lying on tlic inner side of the cord, and 
receives additional coverings from the intercolumnar fascMa, the superficial fascia and the 
intc^guinent. The coverings of this form therefore differ from those of the oblkjue form in 
that the conjoined tendon is substituted for the cremaster, and the infundibuliform fascia 
is rc})la(!ed by a portion of the g(‘neral layer of the transvcrsalis fascia. 

The seat of stricture in both varieties of diretit hernia is usually found either at the neck 
of the sac or at the external ring. In that form which pej forates the conjoined tendon it 
not inlrcquently occurs at the edges of the fissure through which the gut passes. In all 
cases of inguinal hernia, whether direct or oblicpie, it is proper to divide the stricture 
directly upwajds ; by cutting in this direction the incision is made parallel to the deep 
effigastric artery — external to it in the oblique variety, internal to it in the direct form of 
hernia ; all chance of wounding the vessel is thus avoided. Direct inguinal hernia is of 
much less frequent occurrence than oblique, and is found more often in men than in 
women. The main differences in ]josition between it and the oblique fonn are ; (a) it is 
placed over the ))ubis and not in the conrbe of the inguincal canal ; (b) the deep epigastric 
artery runs on the outer or iliac side of the nock of the sac ; and (c) the spermatic cord lies 
along its external and posterior sides, not directly behind it as in oblkpie inguinal hernia. 

Femoral hernia, — In femoral hernia the protrusion of the intestine t;akes place through 
the crural ring. As already described (page 708), thiaring is closed by the septum crurale, 
a partition of modified extra-peritoneal tissue ; it is therefore a weak spot in the abdominal 
wall, and especially in the female, whore the ring is larger and w^here profound changes are 
produced in the tissues of the abdomen by pregnancy. Femoral hernia is thereforci more 
common in women than in men. 

When a portion of intestine is forced through the*crural ring, it carries before it a pouch 
of peritoneum, which forms the hernial sac. It receives an investment from the extra- 
peritoneal tissue or septum crurale, and descends along the crural canal, or inner compart- 
ment of the sheath of the femoral vessels, as far as the saphenous opening ; at this point it 
changes its course, being prevented from extending farther down the sheatli on account « 
of the narrowing of the latter, and its close contact with the vessels, and also the close 
attachment of the superficial fascia and femoral sheath to the lower part of the circum- 
ference of the saphenous opening. The tumour is consequently directed forwards, pushing 
before it the cribriform fascia, and then curves upwards over Poupart’s ligament and the 
lower part of the External oblique, being covered by the superficial fascia and int<pgument. 
While the hernia is contained in the crural canal it is usually of small size, owing to the 
resisting nature of the surrounding parts, but when it escapes from the saphenous opening 
into the loose areolar tissue of the groin it becomes considerably enlarged. The dteection 
token by a femoral hernia in its descent is at first downwards, t^en fSrwards and upwards ; 
in the application of taxis for the reduction of a femoral hernia therefore, pressure should be 
directed in the reverse order. • 

The coverings of a femoral hernia from within outwards are ; peritoneum, septum 
crurale, femoral sheath, cribriform fascia, superficial fascia, and integument. Sir Astley 
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Cooper has described an investment for femoral hernia under the name of fwcia propria, 
lying immediately external to the peritoneal sac but frequently separated from it by some 
adipose tissue. Surgically it is important to remember the frequent existence of this layer 
on account of the ease with which an inexperienced operator may mistake the fascia for 
the peritoneal sac and the contained fat for omentum, as there is often a great excess of 
Bubporitoneal fatty tissue enclosed in the ‘ fascia luopria.’ In many cases it resembles a 
fatty tumour, but on further dissection the true hernial sac will be found in the centre of 
the mass of fat. The fascia propria is merely modified extra-peritoneal tissue which has 
been thickened to foiou a membranous sheet by the pressure of the hernia. 

When the intestine descends along the femoral canal only as far as the saphenous 
opening the condition is known as incomplete femoral hernia. The small size of the 
protrusion in this form of hernia, on account of the firm and resisting nature of the canal 
in which it is contained, renders it an exceedingly dangerous variety of the disease, from 
the extreme difficulty of detecting the existence of the swelling, especially in corpulent 
subjects. The coverings of an incomplete femoral hernia would be from without inwards : 
integument, superficial fascia, superior falciform process of fascia lata, femoral sheath, 
septum cruralo and peritoneum. 

The seat of stricture of a femoral hernia varies : it may be in the peritoneum at the neck 
of the hernial sac ; in the greater number of cases it is at the point of junction of the superior 
falciform process with, the free edge of Gimbernat’s ligament ; or it may be at the margin 
of the saphenous opening. The stricture should in every case be divided in a direction 
upwards and inwards for a distance of about one-sixth to one-quarter of an inch. All 
vessels or other structures of importance in relation to the neck of the sac will thus be 
avoided. 

Tlie spine of the pubis forms an important landmark in serving to differentiate the 
inguinal from the femoral variety of hernia. The inguinal i^rotrusion is above and to 
the inner side of the spine, wliile the femoral is below and to its outer side. 

There are several details of practical interest in connection with the mesentery which 
merit notice^ 1. The depth of the mesentery — that is to say, the distance from its parietal 
to its intestinal attachment — ^is normally less than eight inches, generally nearer six or 
seven ; but under certain abnormal conditions it may become elongated, and this would 
appear to favour the occurrence of hernia of the intestine. 2. Not only may the depth 
of the mesentery be increased, but its ])oint of attachment to the posterior abdominal 
wall may yield, and descend over the lumbar vertebra?. This condition, which is known 
under the name of enteroptosis, usually occurs in women who have borne many children, 
and is attended with general relaxation of the abdominal parietes. It produces a charac- 
teristic appearance, the abdomen being j)romiiicnt and pendulous below, while above, it 
is flatten^ and constricted. 3. Holes are sometimes present in the mesentery, and these 
may be congenital, or may be the result of injury. Tliey arc of practical importance, since 
a knuckle of intestine may become herniated into one of them, causing acute strangulation. 
4. The lymphatic glands contained between the two layers of the mesentery are frequently 
the seat of tuberculous deposit, especially in childien. 

The surgical anatomy of the rectum is of considerable importance. Tliere may be 
congenital malformations due to aiTest of, or imperfection in, development. Thus, there 
may be no proctodceal invagination (see page 161), and consequently a complete absence 
of the anus ; or the hind-gut may be imperfectly developed, and there may be an absence 
of the rectum, though the anus is developed ; or the ectodermal invagination may not 
communicate vith the termination of the hind-gut from want of solution of continuity in 
the septum which in early foetal life exists between the two. The mucous membrane is 
thick and but loosely connected to the muscular coat beneath, and thus favours prolapse, 
especially in children. The vessels of the rectum are arranged, as mentioned above, 
longitudinally, and are contained in the loose cellular tissue between the mucous and 
muscular coats, and receive no Hupiwrt from surrounding tissues, and this favours varicosity. 
Moreover, the veins, after running upwards in a longitudinal direction for about five inches 
in the sulimucous tissue, jnerce the muscular coats, and are liable lo become constricted 
at this spot by the contraction of the muscular wall of the gut. In addition to this there 
are no valves in the superior haBmorrhoidal veins, and the vessels of the rectum are placed 
in a dependent position, and are liable to be pressed upon and obstructed by hardened 
fieces. The anatomical arrangement, therefore, of the haemorrhoidal vessels explains the 
great tendency to the occurrence of piles. The presence of tlje Sphincter ani externus is 
of surgical importance, since it is the constant contraction of this muscle which prevents an 
ischio-rectal abscess from healing, and causes it to become a fistula. Also the reflex con- 
traction of this muscle is the cause of the severe pain complained of in fissure of the anus. 
Tlie relations of the peritoneum to the bowel are of importance in connection with the 
operation of removal of the rectum for malignant disease. This membrane gradually 
leaves the rectum as it* descends into the pelvis ; first leaving its posterior surface, then the 
sides, and then the anterior surface, to become reflected, in the male on to the posterior wall 
of the bladder, forming thd rccto-vesical pouch, and in the female on to the posterior wall 
of the vagina, forming Douglas’s pouch. The recto-vesical pouch of peritoneum extends 
to within three inches from the anus. Within recent years much more extensive operations 
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have been done for the removal of cancer of the rectum, and in these the peritoneal cavity 
has necessarily been opened. If, in these cases, the opening is plugged with antiseptic 
gauze until the operation is completed and then the edges of the wou^ in the peritoneum 
are accurately brought together with sutures, no evil I'esult appears to fo]lovl^ For cases of 
cancer of the rectum which ape too low to be reached by abdominal section, and too high 
to be removed by the perinsBum, Kraske has devised an operation which goes by his name. 
The patient is placed on his right side and an incision is made from the last piece of the 
sacrum to the anus. The soft parts are now separated from the back of the sides of the 
sacrum and coccyx, and the greater and lesser sacro -sciatic ligaments are separated. The 
coccyx is removed, and if necessary a small piece of the sacrum, and the edges of the wound 
being now forcibly drawn outwards, a considerable length of the rectum is brought into 
view, and the diseased portion can be removed, leaving the anal portion of the gut, if 
healthy. The two divided ends of the gut can sometimes be approximated and sutured 
together, the posterior part being left open for drainage. 

The colon frequently requires opening in cases of intestinal obstruction, and by some 
surgeons this bperation is performed in cases of cancer of the rectum as soon as the disease 
is recognised, in the hope that the symptoms may be relieved by removing the irritation 
produced by the passage of fajcal matter over the diseased surface. The operation 
of colostomy may be performed cither in the inguinal or lumbar region ; but inguinal 
colostomy has in the present day entirely superseded the lumbar operation. The main 
reason for preferring this operation is that a spur-shaped x)rocea 8 of the mesocolon can be 
formed, which prevents any fiecal matter fuiding its way past the artificial anus, and the 
greater ease in maintaining cleanliness. The {Kjlvic colon being ontii*oly surrounded by 
peritoneum, a coil can be drawn out of tlie wound and opened, leaving the attachment of 
the mesocolon to form a spur, much as it does in an artificial anus caused by sloughing of 
the intestine after a strangulated hernia, and this prevents any faecal mcatter finding its way 
from the gut above the 0{)ening into that below. The operation is })erformed by making 
an incision two or three inches in length from a point one inch internal to the anterior su]>erior 
spinous jirocess of the ilium, parallel to Poupart's ligament. The various mu*icular layers 
are cut through, and the peritoneum opened ; the pelvic colon is now sought for, pulled out 
of the wound, and fixed by passing a needle threaded with carbolised silk first through 
the mesocolon close to tlie gut, and then through the abdominal wall. The wound is 
dressed, and about the second day the protruding coil of intestine is opened. 

The loose connective tissue round the rectum is occasionally the site of an abscess, the 
active focus of which, however, may be located elsewhei*e. This form of abscess may be 
described as the mperior pelric-rectaL ; it is placed above the pelvic diaphragm but beneath 
the peritoneum. The acute variety is generally due to ulceration or perforation of the 
bowel (j)ossibly produced by a foreign body) above the level of attachment of the Ijcvator 
ani. The abscess may also 0(;cur above a stricture (simple or malignant) of the rectum ; 
occasionally it arises from suppuration around the prostate, and more rarely follows abscess 
of the vesiculaj seminales. Chronic abscesses also appear in the same region either from 
caries of the anterior surface of the sacrum or fi’om caseation of the presacral lymphatic 
glands, whilst in other cases an abscess finds its way dowm into the pelvis from disease of 
the anterior surfaces of the bodies of the lumbar vertebrae. 


The Livek 

The liver (liepar) is the hirg<‘,st gland in the body, and is situated in the 
upper and right parts of the abdominal cavity, occupying almost the whole 
of the right hypochondrium, tlie greater part of the epigastrium, and not 
uncommonly extending into the left hypochondrium as far as the mammary 
line. In the male it weighs from fifty to sixty ounces, in the female from 
forty to fifty. It is relatively much larger in the feetus than in the adult, 
constituting, in the former, about one-eighteenth, and in the latter, about 
one thirty-sixth of the entire body weight. Its greatest transverse measure-* 
ment is from eight to nine inches. Vertically, near its lateral or right surface, 
it measures about six or seven inches, while its greatest antcro-posterior 
diameter is on a level with the ufiper end of the right kidney, and is from four 
to five inches. Opposite the vertebral column its measurement from before 
backwards is reduced to about three inches. Its consistence is that of a soft 
solid ; it is, how'ever, friable and easily lacerated ; its colour is a dark reddish- 
brown, and its specific gravity is 1*05. 

To obtain a coiToct idea of its shape it must be hardened m situ, and it 
will then be seen to present the appearance of a wedge, the base of \vhich 
is directed to the right and the thin edge toward*s the left. Symington 
describes its shape as that ‘ of a right-angled triangular prism with the right 
angle rounded on.’ 
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Surfaces. — The liver possesses five surfaces, viz. superior, inferior, 
anterior, posterior, and lateral. A sharp, well-defined margin divides the 
inferior from the anterior and lateral surfaces, but the other surfaces are 
separated from one another by thick, rounded borders. The superior and 
anterior surfaces are attached to the Diaphragm and anterior abdominal wall 
by a triangular or falciform fold of peritoneum, the suspensory or falciform 
ligament, in the free margin of which is a rounded cord, the ligamentum 
tere^ or obliterated umbiScal vein. The line of attachment of the falci- 
form ligament divides the liver into two parts, termed the right and left 
lobes, the right being much the larger. The inferior and posterior surfaces 
are divided into five lobes by five fissures, which are arranged in the form of 
the letter H. The left limb of the H marks on these surfaces the division of the 
liver into right and left lobes ; it is known as the longitudinal fissure, and 
consists of two parts, viz. the umbilical fissure in front and the fissure for 
the ductus venosus beliind. The right limb of the H is formed in front by the 
fissure or fossa for the gall-bladder, and behind by the fissure for the inferior 
vena cava ; tliese two fissures are separated from one another by a band of 
liver-substance, termed tiie cauelxite lobe. The bar connecting the two limbs 


Fio. 959.— -Tlie liver. Superior and anterior surfaces. (Slightly modified from 
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of the H is the transverse or portal fissure ; in front of it is the quadrate lobe, 
behind it the Spigelian lobe. 

The superior surface (fig. 959) comprises a part of both lobes, and, as. a 
whole, is convex, and fits undt^r the vault of tlie Diaphragm ; its central part, 
however, presents a shallow depression, which corresponds with the position 
of the pericardium on the upper surface of the Diaphragm.' It is separated 
from the anterior, posterior, and lateral surfaces by thick, rounded borders. 
‘Its left extremity is separated from the under surface by a prominent shai^ 
margin. Except along the lines of attachment of the falciform ligament it is 
completely covered by peritoneum. 

■ The anterior surface is largo, triangular in shape, and comprises also a part 
of both lobes. It is directed forw'ards, and the greater part of it is in contact 
I with the Diaphragm, which separates it on the right from the sixth to the tenth 
ribs and their cartilages, and on the left from the seventh and eighth costal 
‘cartilages. In the middle line it lies behind the ensiform cartilage, and in 
the angle betw^een ^he diverging rib cartilages of opposite sides is in contact 
wdth the abdominal w^al}. It is separated from the inferior surface by a sharp 
margin, and from the superior and lateral surfaces by thick rounded borders. 
It is completely covered by peritoneum except along the line of attachment 
of the falciform ligament. 
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The lateral or right surface is covered by peritoneum, and is convex from 
before backwards and slightly so from above downwards. It is Erected 
towards the right side, forming the' base of the wedge, and lies against the 
lateral portion of the Diaphragm, which separates it from the lower part of 
the pleura and lung, outside w'luch are the right costal arclies from the seventh 
to the eleventh inclusive. 

The inferior ot'visceral surface (figs. 960, 961) is uneven, concave, directed 
downwards, backwards, and to the left, and is in relation with the stomach 
and duodenum, the hepatic flexure of the colon, and the right kidney and 
suprarenal gland- The surface is almost completely invested by pc^ritoneuin ; 
the only parts where this covering is absent are where the gall-bladder is 
attached to the liver, and at the transverse fissure where the t wo layers of the 
lesser omentum are separated from each other by the blood-vessels and ducts 
of the viscus. The inferior surface of the loft lobe presents bc;lund and to the 
left an impression (improssio cardiaca) where it is moulded over the cardiac 
part of the stomach, and to the light of this a rounded eminence, the tuber 
omejitale, which fits into the concavity of the lesser curvature of the stomacli 

960. — ^The liver. Inferior surface. (Drawn from His’ model.) 
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and lies in front of the anterior layer of .the lesser omentum. The under 
surface of the right lobe is divided into two unequal portions by a fossa, the 
fossa veMcalis (fessa vesicae fellea?), which lodges the gall-bladder ; the portion 
to the left, the smaller of the two, is the quadrate lobe, and is in relation with 
the pyloric end of the stomach and the first portion of the duodenum. Th^ 
portion of the under surface of the right lobe to the right of the fossa vesicalis 
presents two shallow impressions, one situated behind the other, the two 
being separated by a ridge. The anterior of these two impressions, the 
im'pr^sio colica, is produced by the hepatic flexure of the colon ; the posterior, 
the impressio renalis, is occupied by the upper part of the riglit kidney and 
lower part of the right suprarenal gland. To the inner side of the renal 
impression is a third and slightly marked impression, lying between it and the 
neck of the gall-bladder. TMs is caused by the second portmn of the duodenum, 
and is known as the impressio duodenalis. Just in front of the inferior vena 
cava is a narrow strip of liver tissue, the caudate lobe, which connects the right 
inferior angle of the Spigelian lobe to the under surface of the right lobe. It- 
forms the upper boundary of the foramen of Winslow. 
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The posterior surface (fig. 961) is rounded and broad behind the right lobe, 
but narrow on the left. Over a large part of its extent it is not covered by 
peritoneum ; this uncovered portion is about three inches broad at its widest 
part, and is in direct contact with the Diaphragm. It is marked off from 
the upper surface by the line of reflection of the upper or anterior layer of 
the coronary ligament, and from the under surface by the line of reflection of the 
low^er layer of the coronary ligament. The central part of the posterior surface 
presents a deep concavity which is moulded on the vertebral column and 
crura of the Diaphragm. To the right of this the inferior vena cava is lodged 
in an indentation in the liver substance, lyigjpbotw'een the uncovered area 
and the Spigelian lobe. Close to the right of tlus indentation and immediately 
above the renal impression is a small triangular depressed area (impressio 
suprarenalis), the greater part of which is devoid of peritoneum ; it lodges 
tlie right suprarenal gland. To the left of the inferior vena cava is the 
Spigelian lobe, w'liich lies between the fissure for the vena cava and the fissure 
for the ductus venosus. Its lower end projects and forms part of the posterior 
boundary of the transverse fissure ; on the right, it is connected with the 

Fia. 961. — ^The liver. Posterior surface. (Drawn from His’ model.) 
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under surface of the right lobe of the liver by the caudate lobe, and on the 
left it presents a tubercle, the tuber papillare. Its posterior surface rests upon 
the Diaphragm, being separated from it merely by the upper. part. of the lesser 
sac of the peritoneum. To the left of the fissure for the ductus venosus is a 
■-groove in which lies the antrum cardiacum of the oesophagus. 

The inferior border is thin and sharp, and marked opposite the attachment 
of the falciform ligament by a deep notch, the umbilical notch, and opposite the 
cartilage of the ninth rib by a second notch for the fundus of the gall-bladder. 
In adult males this border generally corresponds with the lower margin of the 
thorax in the right nipple line ; but in women and cliildren it usually projects 
below tlie ribs. 

The left extremity of the liver is thin and flattened from above downwards. 

Fissures (fig. ifeD.-r-As already described, five fissures are seen upon the 
under and posterior surfaces of the liver. They are, the umbilical fissure and 
the fissure for the ductlis venosus, forming together the longitudinal fissure ; 
the transverse fissure ; the fissure for the gall-bladder ; and the fissure for the 
inferior vena cava. 
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The longitvdirial famre (fossa sapttalis sinistra) is a deep groove, which 
extends from the notch on the ant^kior margin of the liver to the upper border 
of the posterior surface of the or^to; it separates the right ana , left lobes. 
The transverse fissure joins it, at nght angles, and divides it into two parts. 
The anterior part, or umbilical fissure (fossa venae umbilicalis), lodges the 
umbilical vein in the foetus, and its remains (the ligamentum teres) in the adult ; 
it lies between the quadrate lobe and the left lobe of the liver, and is often 
partially bridged over by a prolongation of the liepatic substance, the pons 
hepatis. The posterior part, or fissure for the ductus venosus (fossa ductus 
venosi), lies between the left lobe and the lobe of Spigelius ; it lodges in the 
foetus the ductus venosus, and in the adult a slender fibrous cord (lig. venosum), 
the obliterated remains of that vessel. 

The transverse or portal fissure (porta hepatis) is a short but deep fissure, 
about two inches in length, extending transversel3»^ across the under surface of 
the left portion of the right lobe, nearer its posterior surface than its anterior 
border. It joins nearly at right angles with the longitudinal fissure, and separ- 
ates the quadrate lobe in front from the caudate and Spigelian lobes behind. It 
transmits the portal vein, the hepatic artery and nerves, and the hepatic duct 
and lymphatics. The hepatic duct lies in front and to the right, the hepatic 
artery to the left, and the portal vein behind and between the duct and artery. 

The fissure for the gall-bladder (fossa vesicae felleae) is a shtillow, oblong 
fossa, placed on the under surface of the right lobe, parallel with the longi- 
tudinal fissure. It extends from the anterior free margin of the liver, which 
is notched by it, to the right extremity of the transverse fissure. 

The fissure for the inferior vena cava (fossa venae cavae) is a short deep 
fissure, occasionally a complete (;anal, in consequence of the substance of the 
liver surrounding the vena cava. It extends obliquely upwards on the posterior 
surface from the lobus caudatus which separates it from the transverse fissure, 
and is situated between tlie Spigelian lobe and the bare area of the liver. On 
slitting open tlie inferior vena cava the orifices of the liepatic veins will be 
seen opening into this vessel at its upper part, after perforating the floor of 
this fissure. 

Lobes. — ^The lobes of the liver, like the ligaments and fissures, are five in 
number — the right lobe, the left lobe, the lobus quadratus, the lobus S})igelii, 
and the lobus caudatus, the last three being merely parts of the right lobe. 

The right lobe is much larger than the left ; the proportion between them 
being as six to one. It occupies the right hypochondrium, and is separated 
from the left lobe on its upper and anterior surfaces by the falciform ligament : 
on its under and posterior surfaces by the longitudinal fissure ; and in front 
by the umbilical notch. It is of a somewhat quadrilateral form, its under 
and posterior surfaces being marked by three fissures : the transverse fissure, 
the fissure for the gall-bladder, and the ^fissure for the inferior vena cava, 
which separate its left part into three smaller lobes ; the lobus Spigelii, lobus 
quadratus, and lobus caudatus. The impressions on the right lobe have 
already been described. ' 

The lobus quadratus is situated on the under surface of the right lobe, 
bounded in front by the inferior margin of the liver ; behind by the trans- 
verse fissure ; on the right, by the fossa for the gall-bladder ; and on the 
left, by the umbilical fissure. It is oblong in shape, its antero-posterior 
diameter being greater than its transverse. 

The lobus Spigelii is situated upon the posterior surface of the right lobe of* 
the liver, opposite tlie tenth and eleventlL thoracue -vertebrie. It is bounded, 
below, by the transverse fissure ; on the right, by the fissure for the inferior 
vena cava ; and, on the left, by the fissure for the ductus venosus. It looks 
backwards, being nearly vertical in position ; it is longer from above dow nwards 
than from side to side, and is somew^hat concave in the transverse direction. 

The lobus caudatus, or tailed lobe, is a small elevation of the hepatic 
substance extending obliquely outwards, from the lower extremity of the 
lobus Spigelii to the under surface of the right loba. It is situated behind 
the transverse fissure, and separates the fissure for the gall-bladder from tlie 
commencement of the fissure for the inferior vena cava. 

The left lobe is smaller and more fiattened than the right. It is situated 
in the epigastric and left hypochondriac regions. Its upper surface is slightly 
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convex and is moulded on to the Diaphram ; its under surface presents thjd 
yastric impression and omental tvberosity^ already referred to. 

Ligaments.— The liver is connected to the under surface of the Diaphragm 
and to tlie anterior wall of the abdomen by five ligaments, four of which are 
peritoneal folds ; the fifth is a round, fibrous cord, resulting from the oblitera- 
tion of the umbilical vein. Those ligaments are the falciform, coronary, two 
lateral, and round. It is also attached to the lessor curvature of the stomach 
by the gastro-hepatic or small omentum (see page 1123). 

TJie falciform ligament (lig. faleiforme hopatis) is a broad and thin antero- 
posterior peritoneal fold, falciform in shape, its base being directed downwards 
and backwards, its apex upwards and backwards. It is attached by one 
margin t(i tlio under surface of the Diaphragm, and the posterior surface of 
the sheath of the liglit Rectus muscle as low down as the umbilicus ; by its 
hepatic margin it extends from the notch on the anterior margin of the liver, as 
far back as the posterior surface. It is composed of two layers of peritoneum 
closely united together. Its base or free edge contains the round ligament 
between its layers. 

The coro'nari^ligamcnl (lig. coronarium hepatis) consists of an upper and 
a lower layer. Thi iUpper layer is formed by the reflection of the peritoneum 
fiom the upper mai^H of the bare area of the liver to the under surface of the 
J)ia])hragm, and is continuous with the right layer of the falciform ligament. 
TJie tower layer is reflected from the lower margin of the bare area on to the 
right kidney and suprarenal gland. 

Tlie lateral Ugamenta, two in number, right and left, are triangular in 
sliapo. The right lateral ligament (lig. triangulare dextrum) is situated at 
tlic right extremity of the bare area, and is a small fold which passes to the 
Diaphragm, being formed by the apposition of th& upper and lower layers 
of the coronary ligament. The left lateral ligament (lig, triangulare sinistrura) 
is a fold of some considerable size, \\hich connects the posterior part of 
the upper surface of the left lobe to the Diaphragm ; its anterior layer is 
continuous with the left layer of the faknform ligament. 

The round ligament (lig. teres hepatis) is a fibrous eord resulting from the 
obliteration of the umbilical vein. It ascends from tlie umbilicus, in tlie free 
margin of the falciform Kganient, to. the notch in the anterior border of the 
liver, from wliicli it may b(i traced along tlie longitudinal fissure on the inferior 
surface of the liver ; on the posterior surface it is continued upwards as the 
obliterated ductus venosus (lig. venosum) as far as the inferior vena cava. 

VesBelB and NerveB. — The vessels connected with the liver are, the hepatic aitery, the 
portal vein, and the hepatic veins. 

The hepatic aritry and portal vein, accompanied by numerous nerves, ascend to the 
transverse fissure, between the layers of the gastro-hepatic omentum. The bile-duct and 
lymphatic vessels descend from tlie transverse fissure between tlie layers of the 
same omentum. The relative positions of the thi'ce structures are as follows : the bile- 
duct lies to the right, the hepatic artery to the left, and the portal vein behind and 
between the other tw'o. Tliey are enveloped in a loose areolar tissue, the capsule of QUsson, 
which accompanies the vessels in their course through the portal canals, in the interior of 
the organ. 

The hepatic veins convey the blood from the liver, and are described on page 760. They 
have very little cellular investment, and what there is binds their piyietes closely to the 
walls ot the canals through which they run ; so that, on section of the organ, they remain 
^widely open and aio solitary, and may be easily distinguished from the branches of the 
portal vein, which are more or loss collapsed, and always accompanied by an artery and 
duct. 

The hjmpliaiics of the liver are described on page 786. 

The neives of the liver, derived from the left pneumogastric and sympathetic, entef 
at the transverse tissuie and accompany the vessels and ducts to the interlobular spaces. 
Here, accoiding to Korol kow, the meaullated fibres are distributed almost exclusively 
to the coats of the blood-vessels ; while the non-medullated enter the lobules and ramify 
between the cells. 

Structure of the Liypr — ^The substance 'imposed of lobules, held together 

by an extremely fine areolar tissue, in whiewfemify the portal vein,* hepatic ducts, hepatic 
artery, hepatic veins, lymphatics, and ncr^s ; the whole being invested by a serous and 
a fibrous coat. • / 

The serous coat is derived from the peritoneum, and invests the greater part di the 
surface of the organ. It is intimately adherent to the fibrous coat. 
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Hhe^fbrotis coat lies beneath the serous investment, and covers the entire surface of the 
ergan. It is difficult of demonstration, excepting where the serous coat is deficient. At 
the transverse fissure it is continuous with the capsule of (xlissoA^ and* on the surface of 
the organ, with the areolar tissue separating the lobules. 

The loMea (figs. 962, 963) form the chief mass of the hepatic sulisfance; fhe\ may be 
seen oifhei on the surface of the organ, or by makmg a section through the gland, as small 


Fin. 962. — Longitudinal section of an Fio. 903 — Longitudinal section o< n small 
hepatic vein. (After Kiernan.) fiorfal vein and canal. (After Kum nan ) 



Onfinsttf nih(fhthnl u mns 


gianulai bodies about Hiesi/eot amillet seed, nu.isining iLoniotie twentieth to*ono tenth ol 
an null in dianictci Jn the human subject then outlines me viiyiiiegulaT , but in some ol 
the!o\\ei animals (toi t\am}»le,thcing) the y aiewelldchned. and. when di\jded tianKvemel> , 
have jiolvgonal outliiu s The bases of the lobules an* clusleied loiind the smallest ladu les 
(sublnhuhtt) ol the hepatic veins, to winch eich is conneudod l>\ means c)t n small bianeh 
whuh issuers tiom the ccnitie ot the lobule {inttafobuiar). The icmammg part of the 



surface of each lobule is impeifectly isolatie^^te||%^ surrounding lollies by a thin stiatum 
of areolar tissue, in which is contained a pi^Sb of vessels (tfie ivterMular plexus) and 
ducts. In some ammals, as the })ig. tho lobules are completely isolated from one anotJier 
by tbo interlobular areolar tissue. 

If one of the sublobular vems be laid open, the bases of the lobules may be seen through 
the thin wall of the vein on which they rest, arranged in a form resembling a tesselat^ 

4 F 
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pavement, the centre of each polygonal space presenting a minute aperture, the mouth 
of an intralobular vein (hg. 962). 

Microsoopio appearance (fig. 965). — Each lobule consists of a mass of cells (hepatic cells), 
surrounded by a dense capillary plexus, composed of vessels which penetrate from the 
circumference to the centre of the lobule, and terminate in the intralobular vein, which runs 
through its centre, to open at its base into one of the suhkhular veins. Betw'een the cells 
are also the minute bile capillaries. Therefore, in the lobule thei-e are all the essentials 
of a secreting gland ; that is to say : (l)ceUs, by which the secretion is formed ; (2) blood- 
vessels, in close relation with the cells, containing the blood fiom which the secretion is 
derived ; (3) ducts, by which the secretion, when formed, is carried away. 

(1) The hepatic cells are more or less spheroidal in'form ; but may be rounded, flattened, 
or many-sided from mutual compression. They vary in size from ytjVt) fo 2 Ao in^^h 
in diameter. They consist of a honeycomb network, and contain one or sometimes two 
distinct nuclei, nucleus contains an intranuclear network and one or two retractile 

nucleoli. Imbedded in the honeycomb network are numerous yellow particles, the 
colouring-matter of the bile, and fat globules. The cells adhere together by their surfaces 
so as to form rows, which radiate from the centre to the circumference of the lobules.* 


Fkj. 965. — A single liver lobule. 



(2) The blood-vessth. — The blood in the capillary plexus around the liver-cells is 
brought to the liver principally by the portal vein,' but also to a certain extent by the 
hepatic artery. 

The hepatic artery, entering the liver at the transverse fissure with the portal vein and 
hepatic duct, ramifies with these vessels through the portal canals. It gives off vaginal 
branches, which ramify in the capsule of Glisson, and appear to be destin^ chiefly for the 
nutrition of the coats of the vessels and ducts. It also gives off capsular branches, which 
reach the surface of the organ, terminating in its fibrous coat in stellate plexuses. Finally 
it gives off inl^lobular branches, which form a plexus on the outer side of each lobule, to 
supply the walls of the interlobular veins and the accompanying bile-ducts. From this 
plexus lobular branches enter the lobule and end in the capillary network between the cells. 

The portal vein also enters at the transverse fissure, and runs through the portal canals, 
enclosed in Glisson’s capsule, dividing in its course into branches, which finally break 
up into a plexus (the interlobular plexus) in the interlobular spaces. These branches 
receive the vaginal and capsular veins, corresponding to the vaginal and capsular 
branches of the hepatic artery (fig. 963). Thus it will be seen that all the blood carried to 


* Del^pine states that there are evidences of the arrangement of these cells in the form of 
columns, which form tubestwith narrow Inmina branching from terminal bile-ducts. This 
branching is evidenced by a divergence of the columns from lines extending between adjacent 
portal vessels. The columns of cells group round terminal bile-ducts and not round the 
so-called intralobular veins. — Jjanoet, 1895, vol. i. p. 1254. ■ 
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fte liver by the portal vein and hepatid artery finds its way into the Interlobular plexus, 
r rom this plexus the blood is carried into the lobule by fine bramhes which converge from 
Jc* aojV”*^?****?® ^ centre of the lobule, and are connected by transverse branches 
(tig. In the inieratioes of the network of vessels thus formed are situated the 

hver-cells ; and here it is that, thei^lood being brought into intimate connection with the 
liver-cells, the bile is secreted. Arrived at the centre of the lobule, aU tliese minute vessels 
empty themselves into one vein, of considerable size, w'hich runs down the centre of the 
lobule from apex to base, and is called the iiUralchvlar vein. At the base of the lobule this 
vein opens directly into the svl)lohul<ir vein, with which the lobule is connected, nie 
suhlobular veins unite to form larger and larger trunks, and end at last in the hepatic veins, 
winch converge to form three large trunks which open into the inferior vena cava, while 
that vessel is situated in the fissure appropriated to it at the back of the liver. 

(3) The bile-ducts. Several views have prevailed as to the mode of origin of the hepatic 
ducts ; it seems, however, to bo generally believed that they commence by little passages 


Fig. 906. Section of liver. Fia. 967. — A transverse section of 



wliich are formed between the cells, and which liave been termed inlcrceJiulnr biliary 
fjassayes or bile capillaries, although some authorities maintain that they have an intra- 
cellular origin. These passages arc merely little c;hannels or spaces left botw'cen the 
contiguous surfaces of two cells, or in the angle where throe or more liver-cells meet 
(fig. 966), and they arc always separated from the blood capillaries by at least half the 
^ liver-cell. The channels thus formed radiate to the circumference of the lobule, 
^ V a jilcxus (interlobular) between the lobules. From this plexus ducts are derived 
which pass into the {lortal canals, become enclosed in Glisson’s capsule, and, accompanying 
tlie portal vein and hepatic artery (fig. 967), join with other ducts to form two main trunks, 
which leave the liver at tlie transverse fissure, and by their union form the hejwtic duel, 
Strmdure of the ducts, — The walls of the biliary ducts consist of a cunneclivo- tissue coat, 
in which are muscle-cells, arranged both circularly^ and longitudinally, and an epithelial 
layer, consisting of short columnar cells resting on a*distinct basement- membrane. 


Excretory Apparatus op the Liver 

9 

The excretory apparatus of the liver consists of (1) the hepatic duct, formed, 
as we have seen, by the junction of tlie two main ducts, which pass out of the 
liver at the transverse fissure ; (2) tlie gall-bladder, whiidi serves as a reservoir 
for the bile ; (3) the cystic duct, or the duct of the gall-bladder ; and (4) the 
common bile-duct, formed by tlie junction of the hepatic and cystic ducts. 

The hepatic duct— Two main trunks of nearly equal size issue from the 
hvor at the transverse fissure, one from the right, the other from the left lobe ; 
these unite to form the hepatic duct (ductus hepatieus), Vliich then passes 
downwards and to the light for about an inch and a h^f, between the layers 
of the lesser omentum, where it is joined at an acute angle by the cystic duct, 
and so forms the common bile-duct (ductus choledochus). The hepatic duct 
IS accompanied by the hepatib artery and portal vein. 


4 F 2 
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Fuj. 008. — The gall-bladder and bile- 
ducts laid open. fSpaltehoIz.) 


Tlie g^all-bladder ( vosioa fellea) (fig. 968)ls a conical or j)ea'r-shaped musculo- 
menibranous sao, lodged in a fossa on the under^ surface of the right lobe of 
the liver, and extending from near the right extremity of the transverse 

fissure to the anterior border of the organ. 
It is from three to four inches in kmgth, 
one inch in breadth at its widest part, and 
liolds from eight to ten drachms. It is 
divided into a fundus, body, and neck. 
The or broad extremity, is directed 

downwards, forwards, and to the right, and 
projects beyond the anterior border of the 
liver ; the body and neck lie in the fossa ' 
vesicalis, and are directed upwards and 
backwards to the left. The upper surface 
of the gall-bladd(u* is atta(;hed to tJie liver 
by connoetive tissue and vessels. The 
under surface is covered by peritoneum, 
which is refle(jted on to it from the surfa(;e 
of the liver. Occasionally t he whole of the 
‘^lirgan is invested by the serous membrane, 
and is then connected to the liver by a 
kind of mesentery. 

Relations. — The body (corpus vesica* 
fcdleie) is in relation, by its uj)per surfaces 
with the liver, to which it. is connected by 
an*olar tissue and vessels ; by its under 
surface, witli tlie commc’/neemcnt of tJie 
transverse colon ; and farther baek usually 
with the uppeu’ end of the descending 
])ortion of the duodenum, but sometimes 
with the first ])ortioii of tlu^ duodenum or 
])yloric end of the stomach. The 
(fundus vesica* fclh^a*) is (*ompletely in- 
vested by peritoTKMim : it is in relation, in 
front, vith the abdominal parietcjs, im- 
mediately below tli(^ ninth costal (‘artilagc, : 
behind with tlie transverse arch of the 
colon. The neck (collum vesicte fcllea*) is 
narrow, and curves u])on itself like the 
letl(*r S ; at its point of connection with the eysti(i duct it jircsfmts a 
w(*J I- marked (constrict ion . 



Hppaiiv 
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Structure (tig. 000). — The gall-bladder (jonsists of three (;oals : serous, libioiis and 
inuseular, and iniieous. 

'J’ho vxUrmd or fterous coat is derived tVoni tin* ]jeritoneuin ; it coni})letely invests the 
fundus, hut eove,rs the body and nec;k only on their under surfaces. 

The /ihro-niasrular coal, a thin but strong layer forming the framework of the 
sac, consists of dense filirous tissue, which interlaces in all directions, and is mixed 
with plain muscular fibres, disposed chielly in a longitudinal direction, a few running 
transversely. 

The internal or mucous coat is loosely connect(Hl with the lillrous layer. It is generally 
of a yellowish -brown coh)ur, and is ^Ievat<'d into minute ruga?. Opposite the neck of the 
gall-bladder the mucous membrane projects inwards in the form of oblique ridges or folds, 
forming a sort of spiral valve (valvula spiralis). 

Tlie mucous membi’ano is continuous through the hepatic duct with the mucous 
momluane limng the ducts of the liver, and through the cominon bile-duct with the 
mucous membrane of the alimentary canal. It is covered with (jolumnar epithelium, and 
seendes mucin ; in some atiimals it secretes a nucleo- protein instead of mucin. 

The cystic duct (ductus cysticus), about an inch and a half in length, runs 
backwards, dowiiwKrds, and to the left from the neck of the gall-bladder, and 
joins the hepatic duct to form the common bile-duct. The mucous membrane 
lining its interior is thrown into a series of crescentic folds, from five to twelve 
in number, similar to those found in the neck of the gall-bladder. They 
project into the duct in regular succession, and are directed obliquely round 
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the tube, presenting much the appearance of a continuous spiral valve. When 
the duct is distended, the spaces between the folds are dilated;- so as to give to 
‘its exterior a twisted appearance. 

The common bile-duct (ductus tiholcdochus) is formed by the junction 
of the cystic and hepatic, ducts; it is about three inches in length, and of 
the diameter of a goose-quill. 

, It descends along the right border of tlie lesser omentum behind the first 
portion of the duodenum, in front of the portal vein, and to the right of 



llie liepatic artery ; it lh(»n passes between the head of the pancreas and 
descending portion of th(^ (luodcuium, and, running for a short distani'c 
along th(^ right side of tlio terminal part of tlie pancreatic diK^l. passes 
vN'itli it, obliqu(?ly between the mucous and muscular coats. TIk^ two 
duets unite and open by a common orifice upon tht^ summit of a pa})illa, 
situat(^d at tli(^ inner sid<^ of tJie descending portion of the diiodf^nurn. a little 
bt‘low its middle and about three or four inches from the y)ylorus (fig. 941). The 
short tube formed by the union of the two ducts is dilated into an ani])ulla, 
tlie ampulla of Vater, 

Structure. — The coats of the large biliary (]iu;ls ai‘e an cxlenial or fibrous, and an 
internal or mucous. The fibrous coat is composed of strong fibro-areolar lis.suc, with a 
certain amount of muscular tissue, arranged, for the inost i)art, in a ciriailar manntM- around 
the duct. The mucous coat is continuous with the lining membrane of the hepatic, ducts 
and gall-bladder, and also with that of the duodenum ; and, like the mucous membrane 
of these structui’es; its cpitheJium is of the columnar variety. It is j)rovidcd wdth numerous 
mu(;ous glands, which are lobulated and open by minute orifices seatteu-ed irn^gularly 
in the larger; ducts. 

liurface Relations, — The liver is siluatc*d mainly in the right hyj)ocbondria(5 and the 
epigastric regions, and is moulded to the dome of Ihc Dia jhragni. In tlie greater ]mrt of ils 
extent it lies under (jpvor of the lower ribs and their cartilages, but in the epigastric, region 
it comes in contac;! with Ihc abdominal w^all. in the subcoslal angle. The upper limit of 
the right lobe of the liver may be defined in tlie middle lino by iJio junction of the raeso- « 
sternum writh the ensiform cartilage ; on the right side the line must be carried u]» wards 
as far as the fifth rib cartilage in the line of the nijiple, and then downwards to reach the 
seventh rib at the side of the chest. TJie upper limit of the. left lobe may be defined by 
continuing this line to the left, with an ineJinal ion downwards, to a jioini about tw o inches 
to the left of the sternum on a level with the sixth left costal cartilage. The hu'er limit 
of the liver may be indicated Ijy a line draw n half an inch below the lower border of the 
thorax on the right side, as far as the ninth right costal cartilage, and thence obliquely 
upwards across the subcostal angle to the eighth left costal cartilage. A slightly curved 
line with ils convexity to the left from this point, i.e. the ciglilb feft costal cartilage, to 
the termination of the line indicating the upper limit, will denote the left margin of the 
liver. Birmingham teaches that the limits of the normal liver may be marked out on 
the surface of the body in the following manner. Take three points : 1, half an inch 
below the right nipple ; 2, half an inch below the tip of the tenth rib ; and 3, one inch below 
the left nipple. Join 1 and 3 by a line slightly convex upwards ; join 1 and 2 by a line 
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slightly convex outwards, and 2 and 3 by a lino slightly convex downwaids. The fundus . 
of the gall-bladder approaches the surface behind the anterior extremity of the ninth 
costal cartilage, close to the outer margin of the right Rectus muscle; 

It must be remembered that the liver is subject to considerable alterations in position, 
and the student should make himself acquainted with the different circumstances under 
which this occurs, as they are of importance in determining the existence of enlargement 
or other diseases of the organ. 

The position of the liver varies according to the posture of the body. * In the erect 
position in the adult male, the edge of the liver projects about half an inch below the lower 
edge of the right costal cartilages, and its anterior border can often be felt iii this situation 
^ the abdominal wall is thin. In the supine position the liver gravitates backwards, and 
recedes above the lower margin of the ribs, and cannot then be detected by the finger. 
In the prone position it falls forward, and can then generally be felt in a patient with 
loose and lax abdominal walls. Its position varies also with the ascent or descent of 
the Diaphragm. In a dee}) inspiration the liver descends below' the ribs ; in exinration 
it is raised behind them. Again, in emphysema, where the lungs are voluminous and 
the Diaphragm descends very low% the liver is pushed down : in some other diseases, as 
phthisis, where the Diaphragm is much arched, the liver rises very high up. Pressure 
from without, as in tight-lacing, by compressing the lower part of the chest, displaces the 
liver considerably ; its anteiior edge frequently extending as low as the crest of the ilium ; 
and its convex surface is often at the same time deeply indented from the pressure 
of the ribs. Again, its position varies greatly according to the greater or less distension of 
the stomach and intestines. When the intestines are empty, the liver descends in the 
abdomen ; but when they are distended, it is pushed upwards. Its relations to surrounding 
organs may also be changed by the grow'th of tumours, or by collections of fluid in tlie 
thoracic or abdominal cavities. Ptosis of the liver, or hepatoi^tosis, from abnormal laxit}^ 
of its ligaments and failure of the supjiort it usually receives from the subjacent viscera, 
is an occasional cause of various nervous and gastro-intostinal disturbances. It has been 
very fully described by Glenard and his pupils. 

A pplied Anatomy , — On account of its large size, its fixed position, and its friability, 
the liver is more frequently ruptured than any of the other abdominal viscera. The 
ruptui’c may vary from a slight scratch to an extensive and complete laceration of its 
sul)stance, dividing it into two parts. Sometimes an internal rupture, without laceration 
of the peritoneal covering, lakes place, and such injuries are most susceptible of repair ; 
but small tears of the surface may also heal ; w'hen, how'ever, the laceration is extensive, 
death usually takes place from haemorrhage, on account of the fact that the J)e]iatic veins 
are contained in rigid canals in the liver-substance and are unable to contract, and are 
moreover unprovided with valves. The liver may also be torn by the end of a broken 
rib perforating the Diaphragm. It may Ije injured by stabs or other punctured wounds, 
and when these are inflicted through the chest- wall the j)lcural and peritoneal cavities 
may both be opened up, and both lung and liver wounded. In cases of wound of the liver 
from the front, hernia of a part of this viscus may take place, but generally can be easily 
replaced. In cases of laceration of the liver, when there is evidence that bleeding is going 
on, the abdomen must be opened, the laceration sought for, and the bleeding arrested. 
This may be done temporarily by introducing the forefinger into the foramen of Winslow’ 
and placing the thumb on the gastro-hepatic omentum, and comjiressing the hepatic 
artery and portal vein between the two. Any bleeding points can then be seen and tied, 
and the margins of the laceration, if small, brought together and sutured by means of a 
blunt curved needle passed from one side of the wound to the other. All sutures must be 
passed before any are tied, and this must bo done with the greatest gentleness, as the 
liver substanec is very friable. When the laceration is extensive it must be packed with 
gauze, the end of which is allowed to hang out of the ext ernal wound. 

Abscess of the liver is of not infrequent occurrence. The so-called tropical abscess is 
due to absorption from the intestine of the amieba of dysentery, which reaches the liver 
through the portal system and causes the formation of a large chronic abscess; this may open 
in many different ways on account of the relations of the liver to other organs. Thus it 
has been known to burst into the lungs when the pus is coughed up, or into the stomach 
when the pus is vomited ; it may burst into the colon, or duodenum ; or, by perforating the, 
Dia]>hragm, it may empty itself into the pleural cavity. It often makes its way forwards, 
and points on the anterior abdominal wall, and finally it may burst into the peritoneal 
or pericardial cavities. Abscesses of the liver frequently require opening, and this 
must be done by an incision in the abdominal wall, in the thoracic wall, or in the lumbar 
region, according to the direction in which the abscess is tracking. The incision through 
the abdominal wall is to be preferred when possible. The abdominal wall is incised over 
the swelling, and, unless the peritoneum is adherent, gauze is packed all round the ex[X)Bed 
liver surface and the* abscess opened, and a large drainage ‘ tube inserted. Hydatid 
cysts are more often found in the liver than in any of the other viscera. The reason of 
this is not far to seek. Thb embryo of the egg of the tsBnia echinococcus, being liberated in 

stomach by the disintegration of its shell, bores its way through the gastric walls and 
usually enters a blood-vessel, and is carried by the bloocl-stream to the hepatic capillaries, 
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where its onward course is arrested, and where it undergoes development into the fully 
formed hydatid. 

The gall-bladder may become distended in cases of obstruction of its duct or the common 
bile-duct, or from a collection of gall-stones in its interior, thus forming a large tumour. 
The swelling is pear-shaped, and projects downwards and forwards to the umbilicus. It 
moves with respiration, since it is attached to the liver. To relieve this condition, the 
gall-bladder must be opened {chokey/ttoUmy) and the gall-stones removed. The operation 
is performed by ah incision, two or three inches long, through the outer part of the right 
Rectus muscle, commencing at the costal margin. The peritoneal cavity is opened, and, the 
tumour having been found, gauze is packed round it to protect the peritoneal cavity, 
it is a6f)irated. When the contained fluid has been evacuated the flaccid bladder is draM 
out of the abdominal wound and its wall incised ; any gall-stones in the bladder are now 
removed and the interior of the sac sponged dry. If tlic case is one of obstrucjtion of the 
duct, an attempt must be made to dislodge the stone l^y manipulation through the wall of 
the duct ; or it may be crushed from without by the fingers or carefully padded forceps. 
If this does not succeed, the safest plan is to incise the duct, extract the stone, and close 
the incision by fine sutures in two layers. After all obstruction has been removed, the 
edges of the incision in the gall-bladder may be sutured to the anterior sheath of the Rectus 
and a fistulous communication established between the gall-bladder and the exterior ; 
thi.s fistulous opening usually closes in Hie course of a few weeks. The gall-bladdei; may 
bo completely removed if it be quite certain that no cause for biliary obstruction remain : 
this is also done for primary malignant growth of the viscus. 

TiiE l^AWCKEAS 

The pancreas is a compound racemose gland, analogous in its structure 
to the salivary glands, though softer and less compactly arranged than those 

Fig. 970. — ^Thc duodenum and pancreas. 

The liver has been lifted up and the greater part of the stomach removed. (Testut.) 
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organs. It is long and irregularly prismatic in shape; its right extremity, 
being broad, is called the hmd, and is connected to the main portion of the 
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organ, or body, by a slight constriction, the neck ; while its left extremity 
gradually tapers to form the taiL It is situated transversely across the posterior 
wall of the abdomen, at the ba(^k of the epigastric and left hypochondriac 
Regions. Its length varies from five to six inches, and its weight from two to 
"three and a half ounces. 

Relations (figs. 970, 971, 972).— The head (caput pancreatis) is flattened 
from before backwards, and is lodged within the curve of the duodenum. Its 
upper border is in contact with the first part of the duodenum and its lower 
overlaps the tliird part ; its right and loft borders overlap in front, and 
insinuate themselves beliind, the second and fourth j^arts of the duodenum 
respectively. The angle of junction of the lower and left lateral borders forms 
a prolongation, termed the processus un^inahis. In the groove between the 
duodenum and the right lateral and lower borders in front are the anasto- 
mosing superior and inferior pan creatico- duodenal arteries ; the common 
bile-duct descends behind, along the right border, to its termination in the 
second part of the duodenum. 

Fic. 971. — TraJisverse Heciion through the middle of the first lumbar vertebra, 

» sliowing the relations of the pancreas. (Braune.) 

lioctiis nmsrir Eighth costal caHilagc 



Anterior surface . — The greater part of the right half of this surface is in 
contact with the transverse colon, only areolar tissue intervening. From its 
upper part the neck originates, its right limit being marked by a groove for 
the gastro-duodenal artery. The lower part of the right half, below the 
transverse colon, is covered by peritoneum continuous with the inferior layer 
of the transverse mesocolon, and is in contact with tlie coils of the small 
intestine. The superior mesenteric artery passes down in front of the left 
half across tlu^ processus uncinatus ; the superior mesenteric v(iin runs upwards 
on tJic right side of the artery and, behind the neck, joins with the splenic vein 
to form the portal vein. 

Posterior surface .— posterior surface is in relation with the inferior 
vena cava, the renaFveins, the right crus of tlie- Diaphragm, and the aorta. 

The neck springs frpm the right upptjr portion of the front of the head. 
It is about an inch in length, and is directed at first upwards and forwards, and 
thei> upwards and to the left to join the body ; it is somewhat flattened from 
above downwards and backwards. Its antero-superior surface supports the 
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pyloi’us ; its postero-inforior surface is in relation with the commencement 
of the portal vein ; on the right it is grooved by the gastro-duodenal artery. 

The body (corpus pancreatis) is somewhat prismatic in shape, and has 
tliree surfaces : anterior, posterior, and inferior. 

The anterior surface (facies anterior) is somewhat concave, and is directed^ 
forwards and upwards : it is covered by the postero-inferior surface of the 
stomach which rests upon it, the two organs being separated by the lesser 
sac of the peritoneum. Where it joins the neck tlicrc is a well-marked promi- 
nence, the tvher omentah, w'hich abuts against the posterior surface of the small 
omentum. 

The posterior surface (facies posterior) is devoid of peritoneum, and is in 
(contact with the aorta, the splenic vein, the left kidney and its vessels, the 
left suprarenal gland, the origin of the superior mesenteric artery, and the 
crura of the Diaphragm. 

The inferior surface (facies inferior) is narrow' on the riglit but broader 
on the left, and is covered by peritoneum ; it lies upon the duodouo-jejunal 

Fia. 1)72. — ^The pancreas and duodenum from behind. (Brawn from His* model.) 

Superior mrscnioric arfery 



flexure and on some coils of the jejunuin ; its left extremity rests on the 
splenic flexure of the colon. ^ 

The superior border (margo su}}eiior) is blunt and flat to the right ; narrow 
and sharp to the left, near the tail. It eommenc.tjs on the right in the omental 
tuberosity, and is in relation wdth the cmliac axis, from which the l)epatic 
artery courses to the right just above the gland, wdiile the splenic artery runs* 
tow’^ards the left in a groove along this border. 

The anterior border (margo anterior) separates the anterior from the inferior 
surface, and along this border the two layers of the transverse mesocolon 
diverge from one another : one passing u})W'aids over the anterior surface, the 
other backwards over the inferior surface. 

The inferior border separates the posterior from the inferior surface ; the 
superior mesenteric vessels emerge under its right extremity. 

The tail (cauda pancreatis) is narrow ; it extend^ to tfie left as far as the 
lower part of the gastric surface of the spleen, and it is in contact wdth the 
splenic flei^ure of the colon. * 

Birmingham describes the body of the pancreas as projecting forwards as 
a prominent ridge into the abdominal cavitj^ and forming a sort of shelf on 
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which the stomach lies. He says : ‘The portion of the pancrims to the left 
of the middle line has a very considerable antero-pdstenor thicknosK ; as a 
result the anterior surface is of considerable extent ; it looks strongly upwards, 
and forins a hrge part of the shelf. As tlio mnoreas extends 

to the ]e()» fSmn it crosses the upper part of the kidney, and is so 

moulded on w the top of the kidney forms an^ extension inwards and 

backwards of upper surface of the pancreas and extends the in this 
direction. On tiae other hand, the extremity of the pancieas comes in contact 
wath the spleen in such a way that the ])lane of its upper suiiacc nins with 
little interruption upw'ards and baekwanis into the concave gastric sorf^'c 
of the spleen, w'hich completes the bed bcliind and to the left, and, runuin4r 
upw ards, forms a partial cap for tlie wide end of the stomacli.’ * 

The pancreatic duct or canal of Wirsung (ductus panoroaticus) extends 
transversely from left to right through the substance of the pancreas (fig. &73). 
It commences by the juii(‘tion of the small ducts of the lobules situated in the 
tail of the pancreas, and, running from left to right througli the body, it rcceiv<‘s 
the ducts of the various lobules composing the gland. Considerably augmented 
in size, it reaches the neck, and turning downwards, ba(*kwards, and to the 


Tk. J)7H. -'riie pancieiiH and its ducts. 



right, it comes into i elation with the common hilo-duct, which lies to its 
right side ; leaviritr the head of the gland, it j)abses very obliquely through 
thf* mucous and musculai coats of the duodenum, and terminates by an orifice 
eonifnon to it and the common hilc-duct upon tJic summit of an elevated 
pajulla, situated at the innei side of the descending portion of the duodenum, 
thiee or four inches below the pylorus (fig. 941). 

Sometimes the pancreatic duct and the common bile-duct open separatidy 
into the duodenum. Frequently there is an accessory duct, which is given oft 
from the canal of Wirsung in the neck of the pancreas and passes horizontally 
to the riglit to open into the duodenum about an inch above the orifice of the 
main duct. It receives the ducts from the lower part of the head, and is 
known as the ductv/t •pancreatic as accessorius or ductus Santorini. 

The pancreatic jiuct, near tlie duodenum, is about the size of an ordinary 
quill : its walls are thin, consisting of tw’^o coats, an external fibrous and an 
internal mucous ; the letter is smooth, and furnished near its termination writli 
a few scattered follicles. 

* Journal of Anatomy and Physiology^ vol, xxxi pt 1, p. J02. 
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structure (fig. 974). — In structure, the pancreaa resembleiB 'the salivary glands. It 
difters from them, however, in certain partioulars, and is kKMer lUld softer in its teixture. 
It is not enclosed in a distinct capsule, but is surrounded eduttb dips 

into its interior, and connects together the various loboleB w |t iS 0BBIffa00d, 

Each Jobule, like the lobules of the salivary glands, oonebts fit 
ramifications of the main duct, terminating in a number of pOfldw or cdveoB, 
which are tubular and somewhat convoluted The minute daete ttomeoted with the ‘ 
alveoli are narrow and lined with flattened cells. The alveoli are almost completely 
filled with secreting cells, so that scarcely any lumen is visible. In some animals those 
cells which occupy the centre of the alveolus are spindle-shapf^ and are known as 
the centro-acinar ceUa of Langerhans, The true si^creting cells which line the wall of the 
alveolus arc very characteristic. They are columnar in shape and present two zones : 
an outer one, clear and finely striated next the bosemont-membrane, and an inner 
granular one next the lumen. During activity the granular zone gradually diminishes 
m size, and when exhausted is only seen as a small area surrounding the lumen. During 
the resting stages it gradually increases until it fills nearly three-fourths of the cell. In 
some of the secreting cells of the pancreas is a spherical mass, staining more easily than the 
lest of the cell ; this is termed the pa ranvcleua, and is helievc‘(l to lie an extension from the 
nucleus. The connective tissue between the alveoli presents in certain parts collections 
of cells, which aie teiTnod inifr-altwolar cdUisleUy or islands of Langerhans. The cells stain 
lightly and arc more or less ]>olyhe(lral in h a}>e, forming a network in which ramify many 
capilliirics. l''heso cell -islets were formerly sujiposod to sc'crete an ‘internal secretion’ 

Fia. 974. — Section of a portion of the pancreas. 
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which influenced carbohydrate metabolism, hut have been dcmonstiated bv D.ile to be 
alveoli in a stage of exhaustion, which after a time become ie-con\erted into ticsh alveoli. 

Vessels and Nerves — ^TJie at Urns o! Hu pancrean aie derived fioni the splenic, and the 
pani'rcatico-diiodonal blanches of the hepatic and supeiior mescnteiic. Its vein^^ open into 
the splenic and superior mesenteric veins. Its Itjr^phatics are described on page 787. Its 
nervift are filaments fi-ora the splcmc jilexus. 

Siirlace Uelations, — The ])ancreas lies in front of the second lumbar vertebra, and can 
sometimes be felt,* in emaciated subjects, when the stomach and colon are empty, by 
making deep jiressuro in the middle lino about three inches above the umbiheus. 

Applied Anatomy, — Inflammation of the pancreas has of late years received considerable 
attention. It appears to be due to infection of the })anei'eatic ducts by micro-organisms 
from the duodenum in coses of gast ro-duodcnal catarrh, or from the biliary passages in 
which a gall-stone is lodged. Acute cases usually terminate fatally and are frequently of 
the ha?inoiThagie type ; chronic inflammation of the pancreas produces few S3miptomB of 
disease unless it is extensive, when attacks of abdominal pain, loss of a))petite, progressive 
weakness and wasting, and the passage of whitish fatty motions, are likely to follow. 
Extensive fibrosis of the panorcas is also one of the commonest lesions found post-mortem 
in cases of diabetes nielli tus. Cysts of the pancreas are sometimes met with. They 
may be the result of traumatism, when they generally dbntain blood, or tlie)^ may 
be due to retention from obstruction of a duet, or from pr^sura on the main duct by 
a gall-stone. They may attain a large size, and cause symptoms by pressing on the 
stomach, Diaphragm, or common bilo-duct. They generally pusli their way lorwar^ 
between the stozL^ih and transverse colon, and may then be felt as a definite tumour in 
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the middle line of the upper part of the alxiomen. The tumour is fixed and does not 
move with respiration. Hie treatment counts in opening the abdomen in the middle 
line, ^noising the cyst, evacuating its contents, and fixing its walls to the deeper layers of 
the abdominal wall. Drainage in the left loin, just below the last rib, can sometimes be 
established. When they are situated in the tail of the pancreas they may be removed. 
The pancreas is often the seat of cancer ; this usually affects the head, and therefore speedily 
involves the common bile-duct, leading to persistent jaundice ; or it may press ujDon the 
portal vein, causing ascites, or involve the stomach, causing pyloric obstruction. It has 
been said that the pancreas is the only abdominal viscus which has never been found in a 
hernial protrusion ; but even this organ has been found, inf company with other viscera, 
in rare cases of diaphragmatic hernia. 


UKOaENITAL OEGANS 

The urogenital organs (apparatus urogenitalis) consist of (o) the urinary 
oigans for the secretion and discharge of the urine and (b) the genital organs, 
'*iich are concerned with the process of reproduction. 


I^HE URINARY ORGANS 

The urinary organs comprise the kidneys ^ which secrete the urine ; the 
ureters, or ducts, w hich convey it to the bladder^ where it is for a time retained ; 
and the urethra, through wliich it is discharged from the body. 

TiTfij Kidneys 

The kidneys (renes) are situated in the posterior part of tlie abdomen, 
one on either side of the vertebral column, behind the peritoneum, and 
surround<Kl by a mass of fat and loose an^olar tissue. Their upper extremities 
are on a level with the upper bord<‘r of ^hc twelfth thoraeie vertebra, their 
lou'cr extremities on a level with the third lumbar. The right kidney is 
usually slightly lower than the left, probably on account of tlu* vicinity 
of the liver. The long axis of each kidney is directed from above dowjiwards 
and outwards ; the transverse axis from within backwards and outwards. 

Each kidney is about four and a half inches in length, two to tw o and a 
half in breadth, and rather more than one inch in thickness. The left is 
somewhat longer, and narrower, than the right. The w'eight of llie kidney in 
the adult male varies from four and a half ounces to six ounces, in tlie adult 
female from four to five and a half ounces. The combined w^eight of the two 
kidneys in pro^jorlion to that of tlie body is about 1 to 240. 

The kidney has a characteristic form, and presents for examination two 
surfaces, two borders, and an upper and lower extremity. 

Relations (figs. 975, 970, 977). — Tin? anterior surface (facies anterior) of 
each kidney is convex, and looks forwards and outwards. Its relations to 
adjacent viscera differ so completely on the two sides that separate descriptions 
are necessary. 

(а) Anterior surface of right kidney A narrow portion at the u])p(T 
extremity is in relation with tlje suprarenal gland. Immediately below’ this 
a large area, involving about three-fourths of the surface, lies in the renal 
impression on the inferior surface of the liver, and a narrow but somewhat 
variable area near the inner border is in contact with the second part of the 
duodenum. The lower part of the anterior surface is in contact externally 
with the liepatic flexure of tlie colon, and internally with the small intestine. 
The areas in i*elation witli the liver and intestine are covered by peritoneum ; 
the suprarenal, duodenal, and colic areas arc devoid of peritoneum. 

(б) Anterior surface of left kidney.-- A small area along the upper part of 
the inner border is in relation with the suprarenal gland, and close to the 
outer border is a narrow' strip in contact with the renal impression on the 
spleen. A broad, somdwiiat quadrilateral field, about the middle of the 
anterior surface, marks the site of contact with the body of the pancreas, on 
the deep surface of which are the splenic vessels. Above this is a small 
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tiiangular portion, between the suprarenal and splenic areas, in contact with 
the postero-inferior surface of the stomach. Below the pancreatic area the 
outer part is in relation with the splenic flexure of the colon, the innei' with 
the small intestine. The area in contact with the stomach is covered by the 
peritoneum of the lesser sac, while that in relation to the small intestine is 
covered by the peritoneum of the greater sac ; behind the latter arc some 
branches of the left colic vessels. 

The posterifyr surface (facies posterior) of each kidney is directed back- 
wards and inwards. It is entirely devoid of peritoneal covering, and imbedded 
in areolar and fatty tissue. It hes upon the Diaphragm, the external and 
internal arcuate ligaments, the Psoas muscle, the anterior layer of the lumbar 


Fio. 975. — ^The relations of the kidneys, from behind. 



1. S)j)lccti. .2. culoii. 3. Lino of plcunil rollfction. I. I.iv'er. 5. Subooatul arterj’. (». Last 

thoracic niTA’C. Lino indioatiii}? oiit-er edge of Quadnitiu. liinihoruni, 8. llio-iri^'uiinxl iierie. h. Ilio- 
hypogastric nervo. 1 0. Ascoiiding cxilon. 11. Tsoas. 


aponeurosis (whie-li separates it from the Quadratus lumborum), and the 
tendon of the Transversalis muscle, om? pr two of the upper lumbar arteries, and 
tlie last thoracic, ilio-hypogastrie, and ilio-inguinal nerves. The right kidney 
rests upon the twelfth lib, the left usually on the eleventh and twelfth. The 
Diapliragm separates the kidney from the pleura, which dips down to form 
the phrenico-costal sinus, but frequently the muscular fibres of the Diaphragm 
are defective or absent over a triangular area immediately above the external 
arcuate ligament, and wlien tliis is the case the perinephrfe areolar tissue is in 
actual contact with the diaphragmatic pleura. 

The external border (margo lateralis) is convex, and is direcited outwards 
and backwards, towards the postero-lateral wall of the abdomen. On the left 
side it is in contact, at its upper patt, with the spleen. 






iissi' 

tovft^'ipiiliw Is diredted forwards and a liibtfo downward/ 

Tts centaai ji^ |trd^ta.a deep longitudinal fissure, bounded by promiaent. 

fto. &76.~>-Ttie wtetioT surfaces of the kidneys, showing the areas of oontaot, 
of neighbouring viscera. 
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overhanging anterior and posterior lips, "rhis fissure is named tlie hihts, and 
allow s of the transmission of the vessels, nerves, and ureter. 


Fro. 977. — The }>ostcrior surfaces of the kidneys, showing areas of relation 

to the parieles. 
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The superior extremity (extremitas superior), directed slightly inwards as 
w'ell as upw'ards, is thick and rounded, and is surmounted by the suprarenal 
gland, w'hich covers also a small portion of the anterior surface. 




Fig. 078. — Sagittal seotion through posterior abdo 
minal wall, showing the relations ot the capsule of 
the kidney. {Aft(*r OeTota.) 
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The inferior efittrmUg 

well as downwatds, is smauer and thitttier tli 
within two inches of the crest of the ilium. 

The relative position of the main structures in the lulusls^%4Ki8d^ 
vein is in front, the artery in the middle, and the ureter behind add dhrected 
dowmwards. Frequently, however, branches of both artery and vein are 
placed behind the ureter. 

Fixation of the kidney (figs. 978, 979). — ^The kidney and its vessels 
are imbedded in a mass of 
fatty tissue, termed tlio 
camula adi^m . which is 
thickest '8.1 "We ^margin of 
the kidney and is prolonged 
throueh the hilus into the 
renal sinus. The kidney and 
the eapsula adiposa are en- 
closed in a shcatn of fibrous 
tissue continuous with thosub- 
])eiitoiieal fascia, and named 
the fascia renalis . At the 
outer bord^ of ^he kidney 
the fascia rcnalis splits into 
an anterior and a posterior 
layer. The anterior layer is 
carried inwards in front of 
the kidney and its vessels, 
and is tontinuoiis over the 
aorta with the corresponding 
layer of the opposite sid(‘. 

The posterior layer extends 
inwards behind the kidney 
and blends with the fascia on 
the Quad rat us him bom in and 
l^soas and through this fascia 
is attached to the vertebral 
column. At tlie u])per margin 
of the suprarenal gland tlie 
tw o layer's of the fascia renalis 
fuse, and unite with the fascia 
of the Diaphragm ; below they remain separate, and are gradually lost m the 
subperiloneal fascia of the iliac fossa. The fascia renalis is connected to tlie 
fibrous capsule of the kidney by numerous trabeculas w Inch traverse the capsula 
adiposa, and are strongest near the Iowxm* epd of the organ. Behind theta'^eia 
renalis is a considerable quantity of fat, wliicli constitutes tlu‘ paranephric 
The kidney is held in XM>«ition partly through the attaelirnents of fhe 
fascia renalis and partly by the ajqiosition of the neighbouring viscera. 
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General structure of tke kidney — The kidney is investcHl by a capsule of fibrous tissue 
fihmea), which forms a firm, smooth covering to the organ. The capsule can be 
easily stripped off, bflt in doing so, numerous fine processes of connective tissue and small 
blood-vessels are torn through. Beneath this coat, a tlpTl witin mnnheH nf^Xiyfirlrnf nnairi^Wl ^ 
m usQular fib re forms an incomplete covering to the organ. When the capsule is stnpped 
off, Tlie suriace^ the kidney is found to be smooth and even, and of a deep rod colour. In 
infants, fissures extending for some depth may bo seen on the surface of the organ, a remnant 
of the lobular construction of the gland. The kidney is dense in texture, but is easily 
lacerable by mechanical force. If a vertical section of the kidney be made from its convex 
to its concave border, and the loose tissue and fat removed from around the vessels 
and the excretory duct it will be seen that the kidney consists of a central cavity 
surrounded at all parts but one by the proper kidney-substance (fig. 980). This central 
cavity is called the renaf sintia, and is lined by a prolongation o£»the capsule, which is 
continued round the lips of the hilus. Through the hilus the blood-vessels of Ihe kidney 
and its excretory duct pass, and therefore these structures, uppn entering or leaving the 
kidney, are contained within the sinus. The excretory duct or vreter fiegins by several 
short truncated branches termed calyces or infundibula (Qalyoes renalcs), which unite to 
fomf two or three short tubes ; these in turn expand into a wide funnel-shaped sac named 
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the pehis of the hidney (p^vis renalis). from the neck of which the ureter issuee. He 
calyces and pelvis lie within the sinus; the blood-vessels of the kidney, after passing 

Fia. 979. — Transverse sectioi^ showing the relations of the cajisule of the kidney. 

(After Gerota.) 
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Pig. 980. — ^Wrlical section of kidney. 



through tJie lulus, are also contained in tho 
sinus, lying between its lining membrane and 
the ex(;ret ory apjiaratus. 

The kidney is composed of an internal 
medidUiry and an external ajrtiml portion. 

llic mediMary 'portion (substantia mcdul- 
laris) consists of a series ol' red-colourcd striatefl 
conical masses, termed ilie mediiUary pyramids 
or pyramids of Maljnghi (pyramides rcnales), 
the bases of which are directed towards the 
circumference of the kidney, while their apices 
converge towards the renal sinus, where they 
form prominent papillae (papillce renales) pro- 
jecting into the interior of the calyces ; each 
calyx receives from one to three pajnllae. 

The cortical portion (substantia cortiealis) 
is roddish-brown in colour and soft and granular 
in consistence. It lies iiflmediately beneath 
the capsule, arches over the bases of the 
pyramids, and dips in between adjacent 
pyramids towards the renal sinus. The parts 
dipping in between the pyramids are named 
the cortical columns (columnse renales [Bertini]), 
while the portions which connect the cortical 
columns to each other and intervene between 
the bases of the pyramids and the capsule 
are called the cortical arches (indicated between 
A and a' in fig. 980). If the cortex be examined 
with a lens, it will be seen to consist of a 
series of lighter-coloured, conical areas, termed 
meduUary rays (pars ra^ta) and a darker- 


coloured intervening substance,^ which from the complexity of its structure is named the 
labyrmih (pars convoluta). The medullary rays gradually taper toward the ciroumfeneofM 
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Fio. 981. — Plan of uriniferons tubes. 


of the kidney, and consist of a series of outward prolokigatioiis from tho base of eaoh 
medullary pyramid. 

The cortical and medullary parts, so dissimilar in appearance, are very similar in 
structure, being made up of urinary tubes and 
blood-vessels, united and bound together by a 
connecting stroma. 

Minute Anatomy. — ^Tho tubtili uriniferi (tubuli 
renales), of which the kidney is for the most 
part made up, commence in the cortical portion 
ot the kidney, and after pursuing a very i*ir- 
ouitouB course through the cortical and medul- 
lary j)arts, finally terminate at the afuces of the 
medullary pyramids by open motiths (tig. 981), 
so that the fluid which they contain is emptied, 
tlirough the calyces, into the j)clvi8 ot the kidney. 

It the surface of one of the paiulLc be examin^ 
with a lens, it will be seen to be studded over 
with minute openings, the orifices of the tubuli 
uririiteri, from sixteen to twenty in number, and 
if jiressure be made on a fresh kidney, urin^ will 
be seen to exude trom these orifices. The tubuli 
iiriniicri commence in the labyrinth and cortical 
columns ot the kidney as the Malyighinn b^nlieK 
which are small rounded masses ol a deep red 
colour, var>ing in size, but ot an average ol 
about 1 ^ 7 ^ of an inch in diameter. Each ot these 
little bodies is composed ol two })aits : a central 
glomerulus oi vessels, called a Malpighian tuft; 
and a membranous envelope, the Malpighian 
capsiilf, or capsule of Boicmaju which is the 
small pouch -like commencement ol a ui uuferous 
tubule. 

The Malpighian tuft, oi vascular glomeiuliis, 
is a netwoik ot convoluted cajnllarv blood- 
vessels, held together by scanty connective 
tissue. This capillary network is derived from 
a small arterial tw’ig, the afferent vesMeU which 
piiMces the wall ot tlu* capsule, generally at a 
point o[)posite to that at which the latter is con- 
nected with the tube ; and the resulting vein, the 
ejferenl vrHftel, emerges trom the capsule at the 
same jioint. The nfterent vessel is usually the 
larger ot the two (fig. 982). The Malfnghian, or 
Bownian\ capsule, which surrounds the glomcrulub, is tormed of a hyaline membrane, 
ftupjiortcd by a small amount of connective tissue, wliich is continuous with the connective 
tissue of the tube. It is lined on its inner surface by a layer of squamous epithelial cells. 
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Fig. 982. — Minute structure oi kidney. 


Fig. 983. — Malpighian l)ody. 




which a«re reflected from the lining membrane on to the glomerulus, at the point of entrance 
or exit of the afferent and efferent vessels. The whole s^aco ot tlie glomerulus is covered 
with a continuous layer of the same oells, on a delicate supporting membrane (fig. 983). 
Thus between the glomerulus an^ the capsule a space is left, forming a cavity lined by a 

4a 
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continuous layer of squamous .cells ; this cavity varies in size according to the state 
of secretion and the amount of fluid present in it. In the foetus and young subject 
the cells are polyhedral or even columnar. 

The (vb-uli urmi feri, commencing in the Malpighian bodies, present, during their course, 
many changes in shape and direction, and are contained partly in the medullary and 
partly in the cortical portions of the organ. At their junction with the Malpighian capsule 
they exhibit a somewhat constricted portion, which is termed the neck. Beyond this the 
tube becomes convoluted, and pursues a considerable course in the cortical structure 
constituting the 'proximal convoluted tube. After a time the convolutions disappear, and 
the tube approaches the medullary ])ortion of the kidney in a more or loss spiral manner ; 
this section of the tube has been called the spiral tube. Throughout this f)ortioii of their 
course the tubuli uriniferi are contained entirely in the cortical* structure, and present a 
fairly uniform calibre. They now enter the medullary portion, suddenly become much 
smaller, quite straight in direction, and dip down for a variable depth into the pyramids, 
constituting the descending liinJb of Henle^s loop. Bending on themselves, they form what 

is termed the hop of Henley 
and re-ascending, they become 
suddenly enlarged and again 
spiral in direction, forming the 
ascending liinb of Henle's loop, 
and re-enter the cortical struc- 
ture. This portion of the tube 
does not present a uniform 
calibre, but liecomes narrower 
as it ascends, and is irregular 
in outline. As a narrow tube 
it enters the cortex and ascends 
for a shoj*t distance, when it 
again becomes dilated, irregular, 
and angular. This section is 
termed the zig-zag kibitle ; it 
terminates in a convoluted tube, 
which exactly resembles the 
j)roximal convoluted tubule, 
and is (;alled the disUil com^o- 
luted tubule, Tliis again ter- 
minates in a warmw juncMonal 
tube, whitjh enters the straight 
or collecting tube. 

The straight or collejcting tubes 
commence in the medullary 
rays of (he cortex, where they 
receive the curvexl extremities 
of the distal convoluted tubules. 
They unite at sliort intervals 
with one another, the resulting 
tubes presenting a considerable 
increase in calibre, so that a 
series of comparatively large 
tubes passes from the bases of 
the medullary rays into the 
medullary pyramids. In the 
medulla the tubes of each 
pyramid converge to join a 
central tube which finally opens on the summit of one of the papillae j the contents of the 
tube are therefore discharged into one of the calyces. 

It will be seen from the above description that the tubes are continuous from their 
commencement in the Malpighian bodies to their termination at the orifices on the apices 
of the pyramids of Malpighi ; and that the urine, the secretion of which commences jn 
the cai)sule, will find its way through these tubes into the calyces of the kidney, and so into 
the ureter. Commencing at the capsule, the tube first presents a narrow constricted 
}>ortiou, (1) the neck. (2) It forms a wide convoluted tube, the proximal convoluted tube, 
(3) It becomes spiral, the spiral tubule, (4) It enters the m^ullaiy structure as a narrow, 
straight tube, the descending limb of Henle's loop, (5) It forma Henle's hop, and, becoming 
dilated, it ascends somewhat spirally, and, gradually diminishing in calibre, again enters 
the cortical structure, •the ascending limb of Uenle^s hop, (6) It now becomes irregular and 
angular in outline, the zig-iag tubule. (7) It then becomes convoluted, the distal convoluted 
tubule, (8) Diminishing in size, it forms a curve, junctiemal tubule, (9) Finally it joins 
a straight tube, the straight adlecUng tube, which is continued downwards through the 
medullary substance to open a4 the apex of a pyramid. 


Fia. 984. — Uriniferous tube. 




ITHE Kn>]!7ET8. 




BirwMrt of the tufbvli wrinifm » — ^The tubuli uriniferi oonaist of basei&ent-membraiie 
lined with epithelium. The epithelium varies considerably in different sections of the 
uriniferous tubes. Jn the neck the epithelium is continuous with that lining the Mal- 
pighian capsule, and like it consists of flattened cells each containing an oval nucleus 
(%. 984, a). In the proximal convoluted tubule and the spiral tubule the epithelium is 
polyhedral in shape, the sides of the cells not being straight, but interlocking with each 
other, and in some animals so fused together that it is impossible to make out the lines of 
junction. In the human kidney the cells often present an angular projection of the surface 
next the basement-membrane. Tliese cells are made u)j of more or less rod-like fibres, 
which rest by one extremity on the basement -membrane, while the other piojects towards 
the lumen of the tube. This gives to the cells the appearance of distinct striation (Hoidon- 
iiain) (tig. 984, n). In the descending limb of Henle’s loop the epithelium resembles that 
found in the Malpighian capsule and the commencement of the tube, consisting of flat, 
cleai epithelial plates, each with an oval nucleus (ligs. 984, a; 985). In the ascending limb, 
on the other hand, the c(‘ll& paitake more of the character of those d(*scribed as existing in 
the proximal convoluted tubule, being fK>lyhedia] in shape, and presenting the same 
ap})eardncc* of striation. The nucleus, however, is not situated in the centre of the cell, 
blit near the lumen (lig. 984, r). After the ascending lim b of Henle’s loop becom(‘s narrower 
upon enteiing the cortical stmclure, the striation ap]>cais to be confined to the outer part 
ol the cell ; at all events it is much moT'e*distinct in this situation ; the nucleus, which 
appears flattened and angular, lieing still situated near the lumen (fig. 984, n). In the 


Fiu. 985.*- l^mgitudiual section of 
Henlc’s descending limb. 



a. Meinbiaim propria 


Kj(J. 980. — ^Longitudinal section of 
straight tube. 
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irrogular tubule, the cells undergo a still Irndher change, becoming very angular, and pic- 
senting thick bi-ight lods oi mai kings, which render the stiiation muoli more distinct than 
in any other section of the urinary tubules (lig. 984. u). In the distal convoluted tubule 
the epithelium appears to be somewhat similar to that which has liccn described as existing 
in the proximal convoluted tubule, but pi’csents a i)t*culiai refractive ap]iea ranee (fig. 984, nj. 
In the junctional tubule, just before its enfiance into the straight collecting tube, the 
epithelium varies greatly as regards the shape of thj* cells, some being angular with short 
processes, others spindle-shaped, others polyhedral (fig. 984, e). 

In the straight tube the epithelium is more or less columnar ; in its papillary portion 
the cells are distinctly columnar and transiiarcnt (lig. 986); but as the tube ajrproachcs 
the cortex the colls are less uniform in sliapo : some are polyhedi’al, and others angular 
with short processes (fig. 984, f and o). 

The renal blood-vessels. — The kidney is plentifully supplied with blood by the renal 
artery, a large offset of the abdominal aorta, lietoi*e it enters the kidney, each artery 
divides into four or five branches ; at the hilus these branches lie between llie renal vein 
and ureter, the vein being in front, the ureter behind : one branch usually lies behind 
the ureter. Each vessel gives off some small branches to the suprarenal glands to the 
ureter, and to the surrounding cellular tissue and muscles. Frequently a second renal 
artery, termed the inferior renal, is given off horn tlio abdominal aorta at a lower level, and 
supplies the lower portion of the ladney, whilst occasionally an acklitional artery enters 
the upper part of the kidney. Ilie branchce of the renal artcTy, while in the sinus, give 
off a few twigs for the nutrition of the surrounding tissues, and terminate in the arterice 
jaropricp renahs, which enter .the kidney jiroper in tlio columns of Bert in. Tw'o ot these 

From the Ilandbovk for the Phy%iologwaX LahoraUvry. 
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pass to each medullary pyramid, and run along its sides for its entire length, giving off, as 
they advance, the afferent vessels of the Malpighian bodies in the columns. Having arrived 
at the bases of the pyramids, they form arterial arches or arcades which lie between the 
bases of the pyramids and the cortical arches, and break up into two distinct sets of branches 
devoted to the supply of the remaining portions of the kidney. 

Fig. 987. — ^Transverse section of pyramidal substance of kidney of pig, 
the blood-vessels of which are injected. 

D 



a. Jjarpe colIecLing t,ubo, out jwrom, Imcd with cyHndrioal cpitiiolium. h. Brauch of colloj-tiiii? 
tubo, cut aoross, lined with opitlipliuin witli shorter cylinders, r, d. Ifcnlo's lonjis cut aeioss. 
c. Blood-vessels cut across. IK tJonncotivc-tiKsuo yronnd-snbstance. 

The/i'V.sij Aet, the interlobular arteries (figs. 988, 989, n), are given off at right angles from 
the side of the arterial arcade looking towards the cortical substance, and pass directly 
outwards between the medullary rays to reach the fibrous caf)sule, wiiere they terminate 
in the capillary network of this part. These vessels do not anastomose with each other, 
but form what are called end-arteries. In their outw^ard course they give off lateral branches ; 

Fig. 988. — Diagrammatic sketch of Fia. 989. — A portion of tig. 088 enlarged, 

the blood-vessels of the kidney. (The references arc the same.) 



L a. I’roper rtjiial artery and vein, the former giving off tlic renal nfferenU, the latter receiving the renal 
cllcreutu. B h. Interlobular artery and vein, the latter ooinuifinclng fi'om the flttiUatc voiiitf, and 
rvopiving braiichcH from the i)1o\ils around the tubuli contort!, the former giving off renal afferent. 

Straight tube, Kiirrouiided by tubuli coiitorti, with which it communicate, aa more fully Biiown in 
rtg. i»81. i». Margin of medullary eubstanoe. K K B. iieceiviug tubeu, out off. F/. Arteriolee et venae 
recta*, tlie latter uriaing from (O) the plexus at the medullary apex. 


these are the afferent veaseJ-s for the Malpighian bodies (see page 1185) ; they pierce the 
capsule, and end in the Malpighian tufts. From each tuft the correspon^ng efferent vessel 
arises, and, having made Its egress from the capsule near to the point where the afferent 
vessel enters, breaks up into a number of branches, which form a dense plexus around the 
adjacent urinary tubes (fig. 990). 
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The second set of branches from the arterial arcades supply the medullary pyramids^ 
which they enter at their bases ; and, jiassing straight through their substance to their apices, 
terminate in the venous plexuses found in tliat situation. They arc called the arterioB rectos 
(figs. 988, 989, r). 

The remit veins arise from three sources, viz. the veins beneath the capsule, the plexuses 
around the convoluted tubules in the cortical arches, and the plexuses situated at the 
apices of the pyramids of Malpighi. The veins beneath the capsule (venos stellatoe) are 
stellate in arrangement, and are derived from the capillary network, into which the 
terminal branches of the interlobular arteries break up. These join to form the verwe 
interlcjhulareSf which pass inwaids between the medullary rays, receive branches from the 
plexuses around the convoluted tubules, and, having arrived at the bases of the Malpighian 
pyramids, join with the vena? recta*, next to bo described (ligs. 988, 989, h). 

The vence rectee are branches from the plexuses at the apices of the medullary pyramids, 
formed by the terminations of the arteria? recta?. They run outwards in a straight course 
between the tubes of the medullary structure, and joining, as above stated, the venae 
interlobulares, form venous arcades ; those in turn unite and form veins which pass along 
the sides of the pyramids (figs. 088, 989, f). 

These vessels, vence proprioi renales, accompany the arteries of the same name, running 
along the entire length of the sides of the pyramids ; and, having received in their course 
the efferent vessels from the Malpighian belies in the adjacent cortical sti*ucture, quit the 

kidney substance to enter the sinus. In this 


Fig. 990. — Diagrammatic representa- 
tion of the blood-vessels in the sub- 
stance of the cortex of the kidney. 
(From Ludwig, in Strieker’s * Hand- 
book.’) 




Region of llif medullar ray. h. Rogjoii of tlio 
tortuous portion of tl tuljulcs. at. Artcria 
ijitorlobuluriK. n. Yen; interlobulana. va. Vas 


cavity thc*y join the corresjionding veins from 
the other pyramids to form the renal vein, which 
emerges from the kidney at the hilus and opens 
into the inferior vena cava ; the left vein is 
longei- than the right, and (srosses in front of 
the abdominal aorta. 

Nerves of the //.- -The ncrveji of the 
kidney, although small, arc aboift fifteen in 
number. They have s mall iranglia d eveloped 
upon them, and are derived from the renal 
plexus; which is formed by branches from the 
solht' plexus, the lower and outer jiart of the 
semilunar ganglion and aortic plexus, and from 
the lesser and smallest sy)lan(hnic nerves. They 
cOliiniunicatc with the spermatic plexus, a 
circumstance which may explain the occurrence 
of pain in the testicle in affections of the 
kidne3\ So far as they have been traced, they 
seem to accompany the renal artery and its 
branches, but their exact mode of termination 
is not known. 

Tlie lifwphatics of the kidney arc described 
on pages 787, 788. 

Connective tissue., or inicrtuhular stnmm . — 
Although the tubules and vessels are closely 


ullemia. gl. (ilomcr iiuj. ve. Vus elVereus. 
\ cjious twig rtf tlic t(*rlol>nlaris. 


packed, a small amount of connective tissue, 
continuous with the capsule, binds them firmly 


together. Ihis tissue was first described by 
(loodsir, and subsequently by Bowman. Ludwig and Zawarykin have observed distinct 
fibres passing around the Malpighian bodies ; and Henle has seen them between the 
straight tubes composing the medullary structure. ^ 

Surface Marking . — 'Jlie kidneys, being situated at the back part of the abdominal cavity 
and deeply placed, cannot be felt unless enlarged or misplaced. The greater part of each 
kidney lies in the epfgastric region, i.c. internal to the mid-Poupart plane, but a small part 
is situated outside this plane, viz. in the hypochondriac region. The lower end of the left ^ 
kidney is usually on a level with the subcostal plane : that of the right extends for about 
half an inch below this plane. The loft is somewhat higher than the right. According 
to Morris, the position of the kidney may be thus defined : Anteriorly. ‘LA horizontal 
line through the umbilicus is below the lower edge of each kidney. 2. A vertical line carried 
upwards to the costal arch from the middle of Poupart’s ligament has one- third of the 
kidney to its outer side, and two-thirds to its inner side, i.e. between this line and the median 
line of the body.’ In adopting these lines it must be borne in mind that the axes of the 
kidneys are not vertical, but oblique, and if continued upwards would meet about the ninth 
thoracic vertebra. Posteriorly. The upper end of the loft kidney w og Id be defined by a line 
drawn fiorizontally outwards from the spinous processes of the^leventh thoracic vertebra, 
and its lower end by a point two inches above the iliac crest, ^le right kidney would be 
half to three-quarters of an inch lower. Morris lays down the following rules for indicating 
the position of the kidney on the posterior surface of the body : LA line parallel with, and 
one inch from the vertebral column between the lower edge of the tip of the spinous process 
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of the eleventh thoracic vertebra, and the lower edge of the spinous process of the third 
lumbar vertebra. 2. A line from the top of this first line outwards at right angles to it 
for two and three-quarter inches. 3. A line from the lower end of the first transversely 
outwards for two and three-quarter inches. 4. A line parallel to the first and connecting 
the outer extremities of the second and third lines just described. 

The hilus of the kidney lies aboii t two inches from the middle line of the back at the level 
opf the spinous process of the first lumbar vertebra. 

' * Applied Anatomy . — ^Malformations of tlie kidney are not uncommon. There may be 
an entire absence of one kidney, but, according to Morris, the number of these oases is 
‘ excessively small ’ : or there may be congenital atrophy of one kidney, when the kidney 
is very small, but usually healthy in structure. These cases are of great importance, 
and must be duly taken into account when nephrectomy is contemplated. A more 
common malformation is where the two kidneys are fused together. They may be joined 
together only at their lower ends by means of a thick mass of renal tissue, so as to form a 
horse-shoe-shaped body, or they may be completely united, forming a disc-like kidney, 
from which two ureters descend into the bladder. These fused kidneys are generally situated 
in the middle line of the abdomen, but may be misplaced as well. In some mammals 
(e.g. ox and bear) the kidney consists of a number of distinct lobules ; this lobulated 
condition is characteristic of the kidney of ih% human foetus, and traces of it may persist 
in the adult. Sometimes the pelvis is duplicated, while a double ureter is not very 
uncommon. In some rare instances a third kidne}^ may be present. 

One or both kidneys may be misplaced as a congenital condition, and remain fixed in 
this abnormal position. They are then very often misshapen. ^Jlioy may be situated 
higher, though this is very uncommon, or lower than normal or removed farther from the 
vertebral column than usual ; or they may be displaced into the iliac fossa, over the sacro-iliac 
joint, on to the promontory of the sacrum, or into the j)elvi8 between the rectum and 
bladder or by the side of the uterus. Jn these latter cases they may give rise to very 
serious t|;oublc. The kidney may also be misplaced as a congenital condition, but may 
not be fixed*, it is then known as a Jloating kidney. It is believed to be due to the fact 
that the kidney is completely enveloped by peritoneum which then j)a88es backwards to 
the vertebral column as a double layer, forming a mesonephron which permits of movement 
taking place. The kidney may also be misplaced as an acquired condition ; in these cases 
the Iddneyis mobile in the tissues by which it is surrounded, moving with the capsule in the 
perinephric tissues. This condition is known as mornhU kidney, and is more common in 
the female than in the male, ft occurs in badly nourislied people, or in those who have 
become emaciated from any cause. It must not be confounded with the Jtoating kidney, 
which is a congenital condition due to the development of a mesonephron. The two 
conditions cannot, however, be distinguished until the abdomen is o})ened or the kidney 
explored from the loin. 

Injuries of the kidney arc generally due to some severe crushing force, as from being 
run over by a heavy waggoii or cart, or from the abdomen being compressed between the 
buffers of two railway carriages. When a laceration occurs on the posterior surface of 
the organ, infiltration of blood and urine takes jilace into the retro-j)oritoneal connective 
tissue ; this is often followed by suppuration, and death may ensue from septic poisoning. 
When the laceration is in front, the peritoneum may be tprn and extravasation of blood 
and urine take place into the peritoneal cavity. Death may occur from haemorrhage or 
peritonitis. Occasionally, when rupture involves the pelvis of the kidney or the com- 
mencement of the ureter, this duct may become blocked, and hydronephrosis follow. 
Sometimes the kidney may bo bruised by blows in the loin, or by bein^ompressed between 
the lower ribs and the ilium when the body is violently bent forwaw. This is followed 
by a little transient hcTematuria, which, however, speedily passes off. 

The loose cellular tissue around thq kidney may be the seat of suppuration, constituting 
perinephric abscess. This may be due to injury, to disease of the kidney itself, or to 
extension of inflammation from neighbouring parts. The abscess tends to point externally 
in the groin or loin. ‘ 

Tumours of the kidney, of which [lerhaps sarcoma, in children, is the most common, 
may be recognised by their position ; by the resonant colon lying in front of them ; and 
by their rounded outline not presenting a notched anterior margin like the spleen, with 
which they arc most likely to be confounded. 

The hypernephroma, a f)enign or malignant tumour arising from the suprarenal gland, 
or from suprarenal ‘ rests ’ or inclusions in the cortex or medulla of the ladney, is not 
infrequent. When occurring in children it is often associated with precocious growth of 
the body generally and of the hair and sexual organs in particular. Arising, as it often 
does, in the kidney, a hyperne])hroma may be indistinguishable from a tnie renal tumour 
so far as the pliysic^l signs and symptoms go ; it is really, however, a tumour of the 
suprarenal gland substance^ 

The examination of the kidney should be bimanual ; that is to say, one hand ^ould be 
placed in the flank and firm pressure made forw'ards ; while the other hand is buried 
in the abdominal wall, over the situation of the organ. Manipulation of the kidney 
frequently produces a peculiar sickening sensation, with sometimes faintness. 
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The kidney may require exposure for exploration or the evacuation of pus 
(nephrotomy) ; it may be incised for the removal of stone (nephro-lithotomy) ; it may 
be sutured when movable or floating (nephrorrhaphy) ; or it may be removed (nephrectomy). 
It may be exposed either by a lumbar or an abdominal incision; except in cases of very large 
tumours, a lumbar incision is best, as it has the advantages of not opening the peritoneum, 
and of affording admirable drainage. An oblique incision should be made, starting at the 
outer border of the Erector spinso, half an inch below the last rib and directed downwards 
and forwards towards a point an inch in front of the anterior superior spine of the ilium. 
The structures divided are the skin, the superficial fascia with the cutaneous nerves, the 
deep fascia, the posterior border of the External oblique muscle of the abdomen, and 
the outer border of the Latissimus dorsi ; the Internal oblique and the posterior 
aponeurosis of the Transversalis muscle ; the outer border of the Quodratus lumborum ; 
the deep layer of the lumbar aponeurosis, and the transversalis fascia. The fatty tissue 
around the kidney is now exposed to view, and must be separated by the fingers, or a 
director, in order to reach the kidney. The operations of nephro-Uthotoniyf for the removal 
of calculi from the kidney, and nephroUmy^ or incision of the kidney for abscess, &c., 
are generally perfoimed by the lumbar incision. This route is also generally chosen for 
nephrectomy. The abdominal operation is best performed by an incision through the outer 
partof the Rectus on the side of the kidneyfo be removed ; the kidney is then, reached from 
the outer side of the colon, ascending or descending, as the case may be, and the vessels 
of the colon arc not interfered with. ITie incision commencing just below the costal arch 
is made of varying length, according to the size of the kidney. The abdominal cavity 
is opened. Tlic intestines arc drawn inwards and the peritoneum over tlie kidney to the 
outer side of the colon incised, so that the fingers can be introduced behind the peritoneum. 
The kidney must now be enucleated, and the vessels firmly ligatured and divided with 
the ureter, the latter being tied, or if thought necessary stitched to the edge of the wound. 
The particular advantage of the abdominal operation is that the condition of the other 
kidney can be ascertained by manual examination, before the removal of thp diseased 
kidney is finally decided upon. • 

Nephrorrhaphy is the name given to the operation for fixing a movable kidney. Tlie 
kidney is reachecl by the lumbar incision, and its posterior surface denuded of its fatty 
cai)sule. Tlirce stitches of medium thickness arc passed through the transversalis fascia 
and muscles and through the cortical portion of the kidney, securing a good hold of it. 
When these sutures are tied, the kidney is tightly anchored in position ; cases which 
are seen sometimes afterwards seem however to show that it does not always remain 
fixed. 


The Ubeters 

The ureters are the two tubes wliich cotivc^ the urine from the iddneys 
to the bladder. Each commences within the sinus of the corresponding 
kidney as a number of short cup-shaped tubes, termed calyces or infundibula^ 
which encircle the renal papillce. Since a single calyx may enclose more than 
one papilla the calyces arc generally fewer in number than the pyramids — 
tlie former varying from seven to tliirtcen, the latter from eight to eighteen. 
The calyces join to form two or three short tubes, and those unite to form a 
funnel-shaped dilatation, wide above and narrow below, named the pelvis of 
the kidney, w^h is situated behind the renal vessels and lies partly inside 
and partly outside the renal sinus. It is usually placed on a le v el with the spinous 
process 4>f-iihe first lumbar vertebra. 

The ureter proper measures from ten^to twelve inches in length, and is 
a thick- walled narrow cylindrical tube which is directly continuous near the 
lower end of th^ kidney with the tapering extremity of the pelvis. It runs 
downwards and inwards in front of the Psoas muscle and, entering th^ 
pelvic cavity, finally opens into the base of the bladder. 

The abdominal part (pars abdominalis) lies behind the peritoneum on the 
inner part of the Psoas muscle, and is crossed obliquely by the spermatic 
vessels. It enters the pelvic cavity by crossing either the termination of the 
common, or the commencement of the external, iliac vessels. 

At its origin the right ureter is usually covered by the second part of the 
duodenum, and in its course downwards lies to the right of the inferior vena 
cava, and is crossed by the right colic artery, while nead: the pelvic brim it 
passea behind the lower part of the mesentery and the terminal part of the 
ileum. The left ureter is crossed by the left colic artery, and near the brim 
of the pelvis passes behind the pelvic colon and its mesentery. 

The pelvic part (pars pelvina) runs at first downwards on the lateral wall 
of the pelvic cavity under cover of the peritoneum, lying in front of the internal 



1102 


SPLANCHNOLOGY 


iliac vessels and on the inn^r aide of the obliterated hypogastric artery and 
the obturator nerve and vessels. Opposite the lower part of the great sacro- 
sciatic foramen it inclines inwards behind the vas deferens (which crosses to 
its inner side) and reaches the base of the bladder, w here it is situated in front 
of the upper end of the seminal vesicle and at a distance of about two Inches 
from the opposite ureter. Finally, the ureters run obliquely for about three- 
quarters of an inch through the wall of the bladder and open by slit-like 
apertures into the cavity of the viscus at the lateral angles of the trigone. 
Wlien the bladder is distended the openings of the ureters are about two 
inches apart, but when it is empty and contracted the distance between them 
is diminished by one-half. Ow'ing to their oblique course through the coats of 
the bladder, tlieir upper and low^er w alls become closely applied to each other 
when the viscus is distended, and, acting as valves, prevent rfegurgitation of 
urine from the bladder. 

In the female, the ureter forms, as it lies in relation to the wall of the pelvis, 
the posterior boundary of a shallow depression named the fossa ovarii^ in w^liich 
the ovary is situated. It then runs inw-aVds and forwards on the lateral aspect 
of the cervix uteri and upper part of the vagina to reach the base of the 
bladder. In this part of its course it is accompanied for about an inch by the 
uterine artery, w^hich then crosses in front of the ureter and ascends betw^ecn 
the two layers of the broad ligament. The ureter is distant about three- 
quarters of an inch from the lateral aspect of the neck of the uterus. 

The ureter is sometimes duplicated, and the two tubes may remain distinct 
as far as the base of tlie bladder. On rare occasions they open separately into 
the bladder cavity. 

Structure (fig. 991 ). — ^The ureter is composed of three coats : fibrous, musculai*, and 
mucous. 

The fihrmia coat is (jonlinuous at one end with the capsule of the kidney on the floor of 
the sinus ; while at the other it is lost in the fibrous structure of the bladder. 

In the pelvis of the kidney the ^umacular coat (’onsists of two layers, longitudinal and 
circular : the longitudinal fibres become lost u])on Ihc sides of the papillae at the extremities 

of the calyces ; the circular 

Fi«. Om.-Transverse section of ureter, fibres may be traced surround- 

ing the medullary structure in 
the same situation. In the 
ureter proper the muscular 
fibres are very distinct, and 
are arranged in three layei s : 
an external longitudinal, a 
middle circular, and an in- 

Fibrous distinct than the 

other two, but having a general 
Longitudinal longitudinal dii'cction. Accord- 

rnuHcnlarfihreH ing to Kollikor this internal 

layer is fikind only in the 

Circular muscular neighbourhood of the bladder. 
fibres The mucom coat is smooth, 

and presents a few longitudinal 
Sub-epithelial fobl® which become eft'ac^d by 
connective tissue distension. < It is continuous 
TranaitiMial 'vith the mucous membrane of 

epithelium the bladder below, while it is 

prolonged over the papillae of 
the kiilney above. Its epithe- 
lium is of a transitional cha- 
racter, and resembles that found 
in the bladder (see fig. 996,, 
page 1197). It consists of several 
layers of cells, of which the 
innermost — that is to say, 
the cells in contact with the 
urine — ^are quadrilateral in shape, with concavities on their deep surfaces into w'hich the 
rounded ends of the cells ot the second layer fit. These, the intermediate - cells, more or 
Jess resemble columnar epithelium, and are pear-riiaped, with rounded internal extremities 
which fit into the concavities of the cells of the first layer, and narrow external extremities 
which are wedged in between the cells of the third layer. The external or third layer 
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consists of conical or oval cells varying in number in different parts, and presenting 
processes which extend down into the basement-membrane. Beneath the epithelium, 
and separating it from the muscular coats, is a dense layer of fibrous tissue containing 
many elastic fibres. 

'fhe arteries supplying the ureter are branches from the rei^J, spermatic, internal iliac, 
and infeiior vesical. - • 

The nerves are derived from the inferior mesenteric, spermatic, and pelvic plexuses. 

Applied Anatomy . — ^Rupture of the ureter is not a common accident, but occasionally 
occurs. If it bo torn completely across, the urine collects in the rotro-peritonoal tissues ; if it 
be not completely divided, the lumen of the tube may become strictured and hydronephrosis 
or pyonephrosis result. The ureter may be accidentally wounded in some pelvic operations, 
such as removal of the uterus ; if this should happen the divided ends must be sutured 
together, or failing to accomplish this an attcmx>t may be made to implant the upi)er end 
into the bladder or rectum. If this cannot be carried out the only alternative is to 
remove the kidney immediately. 

Stones not uncommonly become impacted in the ureter. These may occur at any 
I3art, but most commonly either at the point where the tube is crossing the pelvic brim 
or at the termination, where it is passing obliquely through the muscular wall of the bladder. 
In the former case, an incision with its centfe oxq)Ositc, and one inch internal to, the anterior 
superior spine of the ilium dividing all the structures down to the peritoneum, enables the 
oj)erator to reach the ureter by })ushing the uno])cned peritoneum inwards ; the stone can 
then be felt in tlic ureter, the wall of which is incised, and the stone extracted, free drainage 
being provided for the escaping urine. When the stone is impacted at the vesical end of 
the tube a ])reliininary incision into the bladder is required, and by scratching through 
the mucous membrane overlying it the calculus can bo removed. 


The Bladdeh (fig. 992) ^ 

The bladder (vesica urinaria) is a museulo-niembranous sac which acts as 
a reservoir for the urine ; and as its size, position, and relations vary according 

Fio. 992. — Median sagittal section of male pelvis. 



to the amount of fluid it contains, it is necessary to study it as it appears 
(a) when empty, and (6) when distended. In both conditions the position of 
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the bladder varies with the condition of the rectum, being pushed upwards 
and forwards w’^hen the rectum is distended. 

The empty bladder, — When hardened in situ, the empty bladder has the 
form of a flattened tetrahedron, with its apex, tilted forwards. It presents 
a base, an apex, a^superior and an inferior surface. The base is triangular in 
shape, and is directed dow'iiwards and backw'ards towards the rectum, from 
which it is separated by tlie recto-vesical fascia, the vesiculie serainales, and 
the terminal portions of tlie vasa deferentia.* The apex is directed forwards 
towards the upper part of the symphysis pubis, and from it a fibrous cord is 
continued upwards on the back of the anterior abdominal wall to the umbilicus. 
This cord is named the urachus, and represents the fibrous remains of the intra- 
abdominal part of the feeial allantois (see page 176). The peritoneum is 
carried by it from the apex of the bladder bn to the abdominal wall to form 
what is termed the anterior or superior false ligament of tlie bladder. The 
superior surface is triangular, bounded on cither side by a lateral border w^hich 
separates it from the inferior surface, and behind by a posterior border, 
represented by a line joining the tw^'o tireters, which intervenes betw^een it 
and tlic base. The lateral borders extend from tlie ureters to the bladder 
apex, and from them the peritoneum is carried to the walls of the pelvis as 
the lateral false ligaments of the bladder. On either side of the bladder the 
peritoneum show^s a deyiression, which is named the paravesical fossa. The 
superior surface is directed upw ards, is covered by peritoneum, and is in relation 
with the pelvic colon and some of the coils of the small intestine. When the 
bladder is empty and firmly contracted, this surface is convex and the lateral 
and postLcrior borders are rounded ; whereas if the bladder be relaxed it is 
concave, and the interior of the viscus, as seen in a vertical mesial section, 
presents the appearance of a V-shaped slit with a shorter posterior and a longer 
anterior limb — the apex of the V corresponding with the orifice of the urethra. 
The inferior surface is directed dow'invards arid is uncovered by peritoneum. 
It may be divided into a posterior or prostatic area and two infero-lateral 
surfaces. Tlie prostatic area is somewiiat triangular : it rests upon and is 
in direct continuity with the base of the prostate gland ; this area is usually 
named the neck, or cervix, of the bladder, and from it the urethra emerges. 
There is, however, no tapering part which would constitute a true neck, as 
the bladder suddenly contracts to the opening of the urethra. The infero- 
lateral portions of the inferior surface are directed downwards and outw ards : 
in front, they are separated from the symphysis pubis by a mass of fatty tissue 
wliich is named the retro-pubic 'pad ; behind, they are in contact with the fascia 
which covers the Levatores ani and Obturator iiiternus muscles. 

WJien the bladder is empty it is jdaced entirely within the pelvis, below^ 
the level of the obliterated hypogastric arteries, and below the level of those 
portions of tlie vasa deferentia which are in contact with the lateral wall of 
the pelvis ; after they cross the ureters the vasa deferentia come into contact 
with the base of the bladder. As the viscus becomes filled, its base, being 
more or less fixed, is only sUghtly depressed ; w bile its superior surface gradu- 
ally rises into the abdominal cavity, carrying with it its peritoneal covering, 
and at the same time rounding off the posterior and lateral borders. 

T'he distended bladder. — When the bladder is moderately full it contains 
about a pint and assumes an oval form ; the long diameter of the oval measures 
about five inches and is directed upwards and forwards. In this conation 
it presents a postero-superior, an antero-inferior, and two lateral surfaces, a 
base and a summit. The postero-superior surface is directed upwards and 
backwards, and is covered by peritoneum : behind, it is separate from the 
rectum by the reqto-vesical pouch of peritoneum, while its anterior part is in 
contact wdth the coils of the small intestine. The antero-inferior surface is 
devoid of peritoneum, and rests, below, against the pubic bones, above which 
it is in contact with the back of the anterior abdominal wall. The lower 
parts of the lateral , surf aces are destitute of peritoneum, and are in contact 
wdth the lateral walls o‘f the pelvis. The line of peritoneal reflection from 
the lateral surface is rawed to the level of the oblit(iratcd hypogastric artery. 
The base or fundus undergoes little alteration in position, being only slightly 
lowered. It exhibits, however, a narrow' triangular area, which is separated 
from the rectum merely by the recto-vesical fascia. This area is bounded 



THE BLADDER 


1195 


below by the prostate, above *by the recto- vesical fold of peritoneum, and 
laterally by the vasa defereiitia. The vasa deferentia frequently come in 
contact with each other above the prostate, and under such circumstances 
the lower part of the triangular area is obliterated. The line of reflection of 
the peritoneum from the rectum to the bladder appears to undergo little or no 


Fig. 993. — Sagittal section through the pelvHs of a newly horn male child. 



change when the latter is distended ; it is situated about four inches from the 
anus. The summit* is directed upwards and forwards above the point of 
attacjhment of the uraclius, and hence the peritoneum, which follows the 
urachus, forms a poucli of varying depth between the summit of the bladder 
and the anterior abdominal w^all. 


Fio. 994. — Sagittal section through the pelvis of a newly born female child. 


FaUo2)ian tube 


Cavity of uterus 
Felvic colon- 
Beetum 


Anal canal 



litmnd lignmevt of 
uterun 

•Bladder 


Symjdiysis 2'^uhis 

Urethra 

Vagina 


The bladder in the child (figs. 993, 994). — In ihe *new-born child tJie 
urethral orifice of the bladder is at the level of the upper border of the 
symphysis pubis ; the bladder therefore lies relatively at a much higher level 
in the infant than in the adult. Its anterior surface is ‘in contact with about 
the lower tw’' 0 -tMrds of that part of the abdominal w'all which lies betw'een 
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the symphysie pubis and the umbilicus ’ (Symington).* Its posterior surface 
is clothed with peritoneum as far as the level of the orifice of the urethra. 
Although the bladder of the infant is usually described as an abdominal 
organ, Symington has pointed out that only about one-half of it lies above 
the plane of the pelvic inlet. Disse maintains that the urethral orifice sinks 
rapidly during the first three years, and then more slowly until the ninth 
year, after which it remains stationary until puberty, when it again slowly 
descends and roaches its adult position. 

The female bladder (fig. 995).— In the female, the bladder is in relation 
behind with the uterus and the upper part of the vagina. It is separated from 
the anterior surface of the body of the uterus by the utero-vesical poucli 
of peritoneum, but below' tlie level of this pouch it is connected to the front of 
the cervix uteri and the upper i>art of the anterior w^all of the vagina by areolar 
tissue. When the bladder is empty the uterus rests upon its superior surface. 

Fig. 995. — Median sagittal section of female pelvis. 



The female bladder is said by some to be more capacious than that of the 
male, but probably the opposite is the case. 

« Lig^aments. — The bladder is retained in its place by ligaments, w^hich 
are divided into true and false. The true ligaments are five in number : two 
anterior, two lateral, and the urachus. The false ligaments, also five in 
number, are formed by folds of the peritoneum. 

The ctnterior true ligaments (pubo-prostatic) extend from the back of the 
pubic bones, one on either side of the symphysis, to the front of the neck of. 
the bladder, over the anterior surface of the prostate gland. These ligaments 
are formed by the fascia endopelvina, and contain a few muscular fibres 
prolonged from the Wadder. 

The lateral true ligaments, also formed by the fascia endopelvina, are 
broader and thipner th^Cn the preceding. They are attached to the lateral 
parts of the prostate, and to the sides of the base of tile bladder. 

♦ The A’natomy of the child. 
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The urachus is the fibro-muscular cord already mentioned, extending 
between the summit of the bladder and the umbilicus. It is broad below, at 
its attachment to the bladder, and becomes narrower as it ascends. 

The false ligaments of the bladder are two posterioi*, two lateral, and one 
anterior or superior. 

The two 'posterior ligaments form the sacro-genital folds, already described 
{page 1124) ; they pass forwards from the sides of the rectum to the posterior 
and lateral aspects of the vesiculae seminales, and form the lateral boundaries 
of the recto-vesical pouch of the peritoneum. 

The two lateral ligaments are reflections of the peritoneum, from the lateral 
walls of the pelvis to the sides of the bladder. 

The anterior or superior ligament (ligamentum suspensorium) is the fold of 
peritoneum extending from the summit of the bladder to the abdominal wall. 
It is carried off from the bladder by the urachus. 

Structure (fig. 996). — Tlie bladder is composed of four coats: serous, muscular, 
submucous, and mucous. 

Tlie serous coal is a partial one, and ft derived from the peritoneum. It invests the 
superior surface and the upper parts of the lateral surfaces, and is reflected from these on 
to the abdominal and yjelvic walls. 

The muscular coat consists of t hree la>yerji Qt‘ ntwiripoH muscular fibre.s : an external 
layer, com}>oscd of fibres having Ifor the most part a longitudinal arrangement ; a 
middle layer, in whit^li the 'fibres are arranged, more or less, in a circular manner ; and 
an internal layer, in which the fibres have a general longitudinal arrangement. 

Tlie fibres of the external longitudinal layer aiise from the posterioj* surface of the body 
of the pubis in both sexes (musculi pubo-vesicales)^ and in the male from the adjacent 
part of the prostate gland and its (capsule. . 

They paws, in a more or lena lonsitudiiial 990.— Vertical section of bladder, 

manner, up the anterior surface of the 
bladder, over its apex, and then descend 
along its posterior surface to its base, where 
they become attached to the ])rostate. in 
the male, and to the front of the vagina 
in the female. At the sides of the bladder 
the fibres arc arranged obU<iuely and inter- 
sect one another. This layer has been 
named the Detrusor urime muscle. 

The fibres of the middle circular layer are 
very thinly and irregularly scattered on the 
body of the organ, and, although to some 
extent placed transversely to the long axis 
of the bladder, are for the most part 
arranged obliiyuely. Towards the lower part 
of the bladder, round the neck and com- 
mencement of the urethra, they are disposed 
y in a thick circular layer, forming the Sphincter 
' vesicfie, which is continuous with the mus- 
cidar fibres of the yirostate gland. 

The internal longitudinal layer is thin, 
and its fasciculi have a reticular arrange- 
ment, but with a tendency to assume for 
the most part a longitudinal direction. 

Two bands of oblique fibres, originating 
behind the orificfft of the ureters, converge 
to the back part of the yirostatc gland, and 
are inserted by means of a fibrous process, 
into the middle lobe of that organ. They 
are the muscles of the ureters, described by Sir C. Bell, who supposed that during the 
contraction of the bladder they serve to retain the oblique direction of the ureters, and 
so prevent the reflux of the urine into them. 

The submucous coal consists of a layer of areolar tissue, connecting together the 
muscular and mucous coats, and intimately united to the latter. 

The mucous coat is thin, smooth, and of a pale rose colour. It is 'continuous above 
through the ureters with the lining membrane of the uriniferoqg tubes, and below with 
that of the urethra. It is connected loosely to the muscular coat by a layer of areolar 
tissue, and is therefore thrown into folds ov.rugee when the |)ladder is empty. Over the 
trigomim vesicec the mucoi^ membrane is closely attached to the muscular coat, and is not 
thrown into folds, but is smooth and flat. The epithelium covering it is of the transitional 
variety, consisting of a superficial layer of polyhedral flattened cells, each with one, two. 
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or three nuclei ; beneath these is a stratum of largo club-shaped cells, with their nairow 
extremities directed downwards and wedged in between smaller spindle-shaped cells. 

Fig. 997. — Superficial layer of the epi- Fio. 998. — ^Deep layers of the epithelium 

thelium of the bladder. Composed of of the bladder, showing large club- 

polyhedral cells of various sizes, each shaped cells above, and smaller, more 

with one, two, or three nuclei. (Klein spindle-shaped cells below, each with on 

and Noble Smith.) oval nucleus. (Klein and Noble Smith.) 




containing oval nuclei (figs. 997, 998). There are no true glands in the mucous membrane 
of the bladder, though certain mucous follicles which exist, especially near the neck of the 
bladder, have been regarded as sucli. 

Interior of the bladder. — The mucous mombraiio lining thci bladder 
is, over greater part of the viscus, loosely atta(*bod to tlu^ muscular coat, 
and apiiears wrinkled or folded when the bladder is contracted : in the dis- 
tended condition of the bladder the folds are eflFaced. Over a small triangular 
artja, termed the trigonurn vesicce, immediately above and behind the orifice 
of the urethra, the mucous membrane is firmly bound to tlic muscular coat, 
and is always smooth. The anterior angle of the trigonum vesiese is formed 
by the opiming of the urethra : its postcro-latci'al angles by the orifices of the 
ureters. Stretching behind tlic latter openings is a slightly curved ridge, the 
torus uretericus, forming the base of the trigone and produced by an under- 
lying bundle of non-striped musculai* fibres. Tlie lateral parts of this ridge 
extend beyond the openings of the ureters, and are named the pliccs ureteriew ; 
tlicy are i)roduced by the terminal portions of the ureters as they traverse 
obliquely the bladder-wall. When the bladder is illuminated the torus 
uretericus a]ipears as a pale band and forms an important guide during the 
operation of introducing a catheter into the ureter. 

The orifices of the iireters are placed at the postero-latcral angles of the 
trigonum vesicae, and are usually slit-like in form. In the contracted bladder 
they are about an inch apart and about the same distance from the orifice 
of the urethra ; in the distended viscus those measurements may be increased 
to about tw o indies. 

The urethral orifice is placed at the apex of the trigonum vesicae, ajid is 
usually somewhat crescentic in form; tlie mucous membrane immediately 
behind it presents a slight elevation, named the uvula vesiem, 

VesselB and Nerves. - The arteries supplying the bladder are the s uperior , ipiddle. and 
inferior vesical, derived fi'om d^ontauQJLtrunk of the internal iliac. THelobturator and 
teiatic orterieB also supply small visceral branches to the bladder, and in the female 
additional branches are derived from the uterine and vaginal arteries. 

T\\Q.veins form a complicated plexus round the neck, sides, and base of tlie bladder, and 
terminate in the internal iliac veins. 

The lymphatics are described on page 788. 

The nerves are derived from the pelvic plexuses of the sympathetic and from the third 
and fourth sacral nerves ; the former supplying the upper part of the organ, the latter 
its base and neck. According to F. Darwin, the sympathetic fibres have ganglia 
connected with them. w|uch send branches to the vessels and muscular coat. 

Surface Form . — ^Tho surface form of the bladder varies with its degree of distension 
and under other circumstances. In the young child it is represented by a conical figure, 
the apex of which, even when the viscus is empty, is situated in the hypogastric region, 
above the level of the symphysis pubis. In the adult, when the bladder is empty, its 
apex does not reach above the level of the upper border of the symphysis pubis, and the 
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whole organ is situated in the pelvis ; the neck, in the male, corresponding to a lino drawn 
horizontally backwards through the symphysis, a little below its middle. As the bladder 
becomes distended it gradually rises out of the pelvis into tlie abdomen, and forms a swelling 
in the hypogastric region, which is perceptible to the hand, as well as to percussion. In 
extreme distension it reaches into the umbilical region. Under these circumstances the 
lower part of its anterior surface, for a distance of about t wo inches above the symphysis 
pubis, is closely applied to the abdominal wall, without the intervention of peritoneum, 
so that it can be tapped by an opening in the middle line just above the B 3 ^mph 3 'sis pubis, 
without any fear of wounding the serous membrane. When the rectum is distended, the 
prostatic portion of the urethra is elongated and the bladder lifted out of the pelvis and 
the peritoneum pushed upwards. 

When distended the bladder can be felt in the male, from the recUun, behind the 
prostate, and fluctuation can be perceived by a bimanual examination, one finger being 
introduced into the rectum and the distended bladder tapped on the front of the abdomen 
with the finger, of the other hand. 'Phis portion of the bladder — that is, the portion felt 
in the rectum by the finger — ^is also uncovered by peiitoneum, and the bladder may here 
be punctui-od from the rectum, in the middle line, without risk of wounding the serous 
membrane. 

Applied Anatomy, — k defect of development, in which the bladder is imy)lic;ated, is 
known under the name of extroversion of* the bladder. In this condition the lower j)art 
of the abdominal wall and the anterior wall of tlic bladder are wanting, so that the posterior 
surface of the bladder presents on the at»dominal aiirfac^e, and is pushed forwards by the 
pressure of the viscera within the abdomen, forming a sed vascular tumour on which tlie 
openings of the ureters are visible. The yienis, except the glans, is rudimentary and 
is cleft on its dorsal surface, exposing the floor of the urethra, a condition known as 
epispadias. The y)clvic bones are also arrested in develoy)mont (see page 331). 

The bladder may be ruy)tured by violence ay)y)li(‘d to the abdominal wall, when the 
viscus is distended, without any injury to IhtJ bony y)elvis, or it may be torn in cases of 
fracturt) of the yielvis. The nipture may be either intraperitoneal or extraperitoneal : 
that is, may implicate the siiperioi* surface of the bladder in the former case,* or one of the 
other surfaces in the latter. Until recently intrai)eritoneal rupture was uniformly fatal, 
but now abdominal section and suturing the rent with Lombert’s suture is resorted to, with 
a very considerable amount of siujc^ess. The sutures are inserted only through the y)eri- 
toncal and muscular coats in such a way as to bring the serous surfaces at the margins of 
the wound into ayipo-sitiOn, and one is insert csd just beyond each end of the wound. The 
bladder should be tested as to whether it is water-tight before closing the external incision. 

The muscular coat of the bladder undergoes hypertrophy in cases in which there is any 
obstruction to the flow of urine. Under these circumstances the bundles of which the 
muscailar coat (onsist^s become much increased in size, and, interlacing in all directions, 
give rise to what is knowm as the fascirulafed bladder. Between these muscular bundles 
the mucous membrane may bulge out, forming sacculi, constituting the sacculated bladder^ 
and in these little i)Ouches yhosyhatic concretions ma 3 ^ collecit, forming encysted calculi, 
Tlie mucous membrane is very loosely attached, exceyit over the trigone, to allow of the 
distension of the viscus. 

Various forms of tumour have been found sy)ringing from the wall of tlie bladder. The 
commonest innocent tumour is the villous papilloma. Of the malignant tumours, epi- 
thelioma is the most common, but sarcoma is occasionally found in the bladder of children. 

In doubtful cases the cystoscope proves a valuable aid in diagnosis. This instrument 
consists of a tube in which is fixed a small electric light, the wires of which run through 
the shaft of the instrument. Upon introducing this down the urethra, the bladder can 
bo examined with the eye, and a villous growth or other tumour, a calculus, or an ulcer 
can be detected ; or the orifices of the ureters can bo examined, and renal haematuria 
diagnosed, and it can be definitely settled from whjph kidney the blood comes. Again, the 
presence of minute tuberculous ulceration near the mouth of the ureter on the affected 
side may establish the diagnosis, not only of tuberculous kidney, but also of the side in 
which the disease iif located. Caspar has utilised the cystoscope in catheterising the ureter, 
by causing a groove to be made on one side of the shaft of the instrument, along which % 
fine bougie can be passed. The mouth of the ureter is first found by the surgeon, and the 
bougie then projected into the field of vision and guided directly into the opening. 

Puncture of the bladder may be performed cither above the symphysis pubis or through 
the rectum, in both cases without wounding the peritoneum. The former plan is generally 
to be preferred, since in punctm’e by the rectum a permanent fistula may be left from 
abscess forming between the rectum and the bladder ; or pelvic cellulitis may be set up ; 
moreover, it is exceedingly inconvenient to keep a canula in the rectum. In some cases, 
in performing this operation the recto- vesical pouch of peritoneum has been wounded, 
inducing fatal peritonitis. Puncture through the rectum, thcr^ore, has been almost 
completely abandoned in favour of the suprapubic route. • 

Access to the bladder, for the purpose of removing calculi, or an enlarged prostate, is 
almost always effected byjthe suprapubic route, the old perineal operation being now 
rarely resort^ to. In the female, owing to the shortness of the urethra, and its ready 
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dilatability, calculi and foreign t)odies and new growths, when of small size, may be 
removed by the urethral route. , ' , 

Suprapubic cystotomy is performe<i by first injecting ten or twelve ounces of some 
weak antiseptic fluid into the bladder. Then, with or without distending the rectum, 
a vertical median incision, from three to four inches in length,* is made in the hypo- 
gastric region immediately above the symphysis, and extended between the Pyramidales 
and Recti muscles until the transversalis fascia is reached. This is divided and some 
fatty tissue exposed (space of Ret zius). Upon separating this, the anterior surface of 
the bladder will be exposed and will be recognised by its muscular fibres. A needle 
should be passed through its coats on cither side of the spot selected for the opening, and 
two long pieces of silk inserted. The bladder is incised between these stays, which are 
held by an assistant and form a useful guide to the opening in the bladder when the fluid 
has escaped. 

It is important that the bladder should be emptied by catheter as a routine measure 
in women, prior to operations on the lower part of the abdomen or pelvis. Neglect of this 
procaution has, not uncommonly, led to that viscus being 0]>ened by accident. Women 
especially are apt to acquire an atonic distension of the bladder, and the fact that some 
(juantity of urine has been passed immediately before operation is no guarantee that the 
viscus is not distended. If the accident should occur, the bladder wall must be carefully 
sutured before the peritoneum is opened. • 

The Male Urethra 

The male urethra (urethra virilis) extends from the neck of the bladder 
to the meatus urinarius at the end of the penis. It presents a double curve in 
the ordinary relaxed state of the penis (fig. 992). Its length varies from seven 
to eight inches ; and it is divided into three portions, the prostatic, membranous, 
and spongy, the structure and relations of which are essentially different. 
Except durftig the passage of the mine or semen, the urethra is a mere trans- 
verse cleft or slit, with its upper and under surfaces in contact. At the meatus 
urinarius the slit is vertical, and in the prostatic portion somewhat arched. 

The prostatic portion (pars prostatica) (figs. 992, 999), the wddest and 
most dilatable part of the canal, is about an inch and a quarter in length. It 
runs almost v(irtically through the prostate gland, from its base to its apex, 
lying nearer its anterior tlian its posterior surface ; the form of the canal 
is spindle-shaped, being wider in the middle than at either extremity, and 
narrow’’est below , w'here it joins tlie membranous portion. A transverse section 
of the canal as it lies in the prostate is horseshoe-shaped, the convexity being 
directed forw ards, since the direction of the canal is nearly vertical. 

Upon the posterior wall or floor is a narrow^ longitudinal ridge, the Veru- 
montamim, or caput gallinaghiis (crista urethralis), formed by an elevation 
of the mucous membrane and its subjacent tissue. It is from 15 to 17 mm. 
in length, and about 3 mm. in height, and contains, according to Kobelt, 
muscular and erectile tissues. When distended, it may serve to prevent the 
passage of the semen backwards into the bladder. On either side of the veru- 
montanum is a slightly depressed fossa, the prostatic sinus, the floor of wdiicli 
is perforated by numerous apertures, the orifices of the prostatic ducts from the 
lateral lobes of the prostate gland ; the ducts of the middle lobe open behind 
the verumontanum. At the fore-part of tlie verumontanum, in the middle 
line, is a depression, the smus pocUlaris (utriculus prostaticus), upon or within 
the margins of which are the slit-like openings of the ejaculatory ducts. The 
sinus pocularis forms a cul-de-sac about a quarter of an inch*in length, which 
juns upw'ards and backwards in the substance of the prostate behind the 
middle lobe ; its prominent anterior w^all partly forms the verumontanum. 
Its walls are composed of fibrous tissue, muscular fibres, and mucous mem- 
brane, and numerous small glands open on its inner surface. It has been 
called by Weber, wiio discovered it, the uterus masculinus, from its being 
developed from the united lower ends of the atrophied Mullerian ducts, and 
therefore homologous with the uterus and vagina in the female. 

Tlie membranous portion (pars mernbranacea) (figs. 992, 999) extends 
betw’een the apex oi the prostate and the bulb of the corpus spongiosum. It 
is the narrowest part of the canal (excepting the meatus), and measures three- 
quarters of an incli al«ng its upper, but only half an inch along its lower* 
surface, in consequence of the bulb projecting backw^ards beneath it. Its 
anterior concave surface is placed about an inch below and beliind the pubic 
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arOli, from whioli ifr is separated by the dorsal vessels and nerves of the penis, 
and some muscular fibres. Its posterior oonvex surface is separated from 
the rectum by a triangular space, which constitutes the perinarum. The 
membranous portion of the urethra lies between the inferior and superior 
layers of the triangular ligament. As it pierces the inferior layer, the fibres 
around the opening are pro- 
longed over the tube. It is ™ 

surrounded by the Compressor The male urotoa, laid open on its 

urethrae muscle. antenor (upper) surface. (Testul.) 


The spongy portion (pars 
cavernosa) (figs. 992, 999) is 
the longest part of the urethra, 
and is (‘ontained in the corpus 
spongiosum. It is about six 
incdies in length, and extends 
from the termination of tlio 
membranous portion to the 
meatus urinarius. (Commenc- 
ing just below the triangular 
ligament, it passes forwards 
for a short distance ; and then, 
in the llaccid condition of the 
penis, it bends downwards and 
forwards. It is narrow, and 
of uniform size in the body of 
the penis, measuring about a 
quarter of an incli in diameter ; 
it is dilated behind, witliin 
the bulb, and again anteriorly 
within tlie glans penis, where 
it forms the foam mivicularis 
vrethree, s 

^riie hulboufi portion is a 
name HOin(*times given to the 
posterior part of the sponcry 
portion eontained within the 
bulb» 

The meatus uri narivs 
(oiificium urethrae externum) 
is the most contracted part of 
the urethra ; it is a vertical slit, 
about a quarter of an inch in 
leiigtli, bounded on each side 
by tw'O small labia. 

The inner surface of tlie 
lining iiieniBralieTff 4^he urethra , 
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especially on the floor of tlie • 

spongy portion, presents the orifices of numerous mucous glands and follicles 
situated in the ^bmucous tissue, and named the glands of LittrL Besides 
these there are a number of small pitjike recesses, or idcunce, of varying 
sizes. Their orifices are directed forwards, so that they may easily interccpif 
the point of a catheter in its passive along the canal. One of these lacunae, 
larger than the rest, is situated on the upper surface of the fossavnavicularis ; 
it is called the lacuna maguva. Into the bulbous portion are found opening the 


ducts of Cowpei’s glandsr 


Structure. — ^The urethra is composed of mucous membrane, supported by a submucous 
tissue which connects it with the various structures through which it passes. 

The muema coat forms part of the genito-urinary mucous membrane. It is continuous 
with the mucous membrane of the bladder, lueters, and kidheys ; externally, with the 
integument covering the glans penis ; and is prolonged into th^ ducts oi the glands which 
open into the urethra, viz. Oowper’s glands and the prostate gland ; and into the vasa 
deferentia and vesicules seminales, throng the ejaculatory ducts. In the spongy and 
membranous portions the mucoos membrane is arranged in longitudinal folds when the 

4h 
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tube is empty. Small' papillae are found upon it, nectr the orifice ; in the upper two-thirds 
its epithelial lining is of the transitional variety ; it then becomes columnar in shape until 
near the meatus, where it is squamous and stratified. 

The syJbriViicoua tisam consists of vascular erectile layer ; outside this is a layer of 
unstriped muscular fibres, arranged in a circular direction, which separates the mucous 
membrane and submucous tissue from the tissue of the corpus spongiosum. 

Applied AmUmy. — ^llio urethra may be ruptured by the patient falling astride of 
any hard substance and striking his perinseum, so that the urethra is crushed against the 
pubic arch. Bleeding will at once take place from the urethra, and this, together with the 
. bruising in the perinscum ami the history of the accident, will point to the nature of the 
injury. Rupture of the urethra is due in other cases to the perforation of a periurethral 
abscess. Extravasation of urine most frequently takes lA&oe into the perineeum in front 
of the triangular ligament, i.e. under the fascia of Colles. Both these layers of fascia are 
attached firmly to the ischio-pubio rami. It is clear, therefore, that when extravasation 
of fluid takes place between them, it cannot pass backwards, because the two layers are 
continuous with each other around the Transversus perinaji muscles ; it cannot extend 
laterally, on account of the connection of both these layers to the rami of the pubis and 
ischium ; it cannot find its way into the pelvis, because the opening into this cavity is 
closed by the triangular ligament, and, therefore, so long as these two layers remain intact, 
the only direction in whicli the fluid can make its way is forwards into the areolar tissue 
of the scrotum and penis, and thence on to the anterior wall of the abdomen. 

Gonorrhoea is an acute inflammatory infection of the mucous membrane of the urethra 
which is very prevalent. The causative organisms (gonococci) pass through the miujous 
membrane into the submucous tissue, and most serious complications and results may 
follow. In most cases the disease remains limited to the part of the urethra in front of the 
‘ shut-off muscle,’ or Compressor urethra*, but in some (about 10 per c;ent.) the ‘ posterior 
urethra ’ becomes involved in the i>rocess, leading to an inflammation of the o])cnings 
of the prostatic follicles. Such a condition is ajjt to continue as a very chronic form 
of prostatitis^ and in many cases the infection will spread along the vas, giving rise to 
epididymitis. 

The anatomy of the urethra is of considerable importance in connection with the passage 
of instruments into the bladder. Otis was the first to point out that the urethra is capable 
of great dilatability. so that, excepting through the external meatus, an instrument 
corresponding to 18 English gauge (29 French) can usually be passed without damage. The 
orifice of the urethra is not so dilatable, and therefore Irequently requires slitting. A 
recognition of this dilatability caused Bigelow to very considerably modify the operation 
of lithotrity and introduce that of litholapaxy. In passing catheters, especially fine ones, 
the point of the instrument should be kept as far as possible along the upper wall of the 
canal, as it is otherwise very liable to enter one of the lacunse. 

Stricture of the urethra is a disease of very common occurrence, and is generally situated 
in the spongy part of the urethra, most commonly in the bulbous ])ortion, just in front 
of the membranous urethra, but in a very considerable number of cases in the penile or 
antc-Bcrotal part of the canal. The stricture usually results from the contraction of 
inflammatory products in the submucous tissue, the result, in the vast majority of all 
cases, of a prolonged gleet following gonorrhoea. Urethral stricture, however, follows 
rupture of that tube resulting from falls on tlie perinauira, and in this variet y is very dense, 
and is a most unsatisfactory condition \\ith regard to treatment. (Congenital stricture 
is also occasionally met with, and in such cases multiple strictures may be present 
throughout the whole length of the spongy portion. 

Congenital defects of the urethra occur occasionally. The one most frequently met 
with is where there is a cleft on the floor of the urethra owing to an arrest of union in the " 
middle line. This is known as hypospadias, and the cleft may vary in extent. The 
simplest and by far the most common form is where the deficiency is confined to the glans 
penis. The urethra ends at the point where the extremity of the jirepuce joins the body 
of the penis, in a small valve-like opening. The prepuce is also cleft 9 n its under surface 
and forms a sort of hood over the glans. There is a depression on the glans in the jiosition 
"of the normal meatus. This condition produces no disability and requires no treatment. 

In more severe cases the penile portion of the urethra is cleft throughout its entire length, 
and the opening of the urethra is at the point of junction of the penis and scrotum. The 
under surface of the penis in the middle line presents a furrow lined by a moist mucous 
membrane, on either side of which is often more or less dense fibrous tissue stretching 
from the glans to the opening of the urethra, whifch prevents complete erection taking place. 
Great disGomfoi*t is induced during mictmition, and connection is impossible. The con- 
dition may be remedied by a series of plastic operations. The worst form of this condition is 
where the urethra is deficient as far back as the f)erina)um, and the scrotum is cleft. The 
penis is small and bouhd down between the two halves of the scrotum, so as to resemble 
an hypertrophied clitoris. The testes are often retained. The condition of parts, 
therefore, very much resembles the external organs of generation of the female, and many 
children the victims of this malformation have been brought up as girls. The halves of 
the scrotum, deficient of testes, resemble the labia, the qleft between them looks like the 
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orifice of the va^'na, and the diminuti^ penis* is taken for an enlarged clitoris. There is 
no remedy for this condition. 

A much more uncommon form of malformation is where there is an apparent deficiency 
of the upper wall of the urethra ; this is named epiapadias. The deficiency may vary in 
extent ; when it is complete the condition is associated with extroversion of the bladder 
(see page 1199). In less extensive cases, where there is no extroversion,, there is an infundi- 
bulifoim opening into the bladder. The penis is usually dwarfed and turned upwards, 
so that the glans lies over the opening. 

" The Female Uretitha (fig. 995) 

The female urethra (urethra muliebris), is a narrow inombranous canal, 
about an in^jb-ewMl^gj^^alf in length, extending from the neck of the bladder 
to the meatus urinarius: It is placed behind, the symphysis pubis, imbedded 
in the anterior wall of the vagina, and its direction is obliquely downwards 
and forwards ; it is slightly curved with the concavity directed forv^^ards 
and upwards. Its diamete when undilated is about a quarter of an irudi. 
It perfoi’ates the tnangular ligament^ and its external orifice is situated dirccdly 
in front of the vaginal opening and about an inch behind the glans clitoridis. 

Structure. — ^The urethra consists of three coats : muscular,, erectile, and mucous. 

The m^vacvlar coat is continuous with that of the bladder ; it extends the whole length 
of the tube, and consists of circular fibres. In addition to this, between the tv^ o layers 
of the triangulai* ligament, the female urethra is surrounded by the Compressor iirethrcT, 
as in the male. 

A thin layer of spongy erectiU tittsne^ containing a plexm, of largo veins, intermixed Avith 
bundles of unstrijied muscular fibres, lies immediately beneath the mucous coa^ 

The mmmts coat in pale ; it is continuous externally with that of the viilvaf and internally 
with that of the bladder, and is thrown into longitudinal folds, one of which, placetl along 
the floor of the canal, resembles tbe verumontanum in fhe male urethra. It is lined by 
stratified epithelium, AA^iich becomes transitional near the bladder Its external orifice 
is surrounded by a few mucous follicles. 


MALE EEPEODUCTIVE OEGANS 


The male reproductive organs (organa genitalia virilia) include the testes, 
the vasa defereiitia, the vcsicuhe srminales, the ejaculatory ducts, and the 
penis, together with the following accessory structures, viz. the prostate gland 
and Cowper\s glands. 


The Testes anj) their Coverings (fig. 1000) 


The testes are two glandular organs, which secrete the semen ; they are 
situated in the scrotum, being suspended by the spermatic cords. At an 
early period of foetal life the testes are contained in the abdominal cavity, 
behind the peritoneum. Before birth they descend to the inguinal canal, 
along which they pass with the spermatic cord, and, emerging at the external 
abdominal ring, they descend into the S(;iV)tuni, becoming invested in their 
course by coverings derived from the serous, muscular, and fibrous layers 
of the abdominal parietes, as Avell as by the scrotum. 

TJie coverings of the testes are, tlie • 


Intercolumnar fascia. 


Cremasteric fascia. 
Infundibuliform fascia. 
Tunica vaginalis. 


The scrotum is a cutaneous jiouch which contains the testes and parts of 
the spermatic cords. It is divided on its surface into two lateral portions by 
a ridge, or raphe (raphe scroti), which is continued forwards to the under surface 
of the penis, and backwards along the middle line of thepdHnaeum to the anus. 
Of these two lateral portions the left is longer than the right, to correspond 
with the greater length of the left spermatic cord. Its external aspect varies 
under different circumstances : thus, under the influence • of warmth, and 
in old and debilitated persons, it becomes elongated and flaccid ; buti under 

4h2 
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the influence of cold, and in the young and robust, it is short, corrugated, and 
closely. applied to the testes. 

Tne scrotum consists of two layers, the integument and the dartos. 

The integument is very thin, of a brownish colour, and generally thrown 
into folds or rugae. It is provided with sebaceous follicles, the secretion of 
which has a peculiar odour, and is beset with thinly scattered, crisp hairs, the 
roots of which are seen through the skin. 

The dartos (tunica dartos) is a thin layer of non-striped muscular fibres, and 
is continuous, around the base of the scrotum, with the two layers of the 
superficial fascia of the ^roiilandof the porinaeum, and sends inwards a septum, 
septum scroti, which divides the scrotal pouch into two cavities for the testes, 
the septum extending between the raphe and the under surface of the penis, as 
far as its root. 

!Pig. 1000. — ^Transverse section thiough the left side of the scrotum and the left 
testicle. The sac of the tunica vaginalis is rcpresent4|d in a|distcnded condition. 
(Diagrammatic.) (Delepine.) 9 , 

DarUis" 

Jntercolumnar fa»da 
Cremaxtenc famu 
Infundihvliform fascia • 

Pariftal tunica vaginahs- 
Visccral tunica vaginalis- 

Tunica albuginea • 

A lobule of the testicle — 


A septum- 

MedUistinnm testis- 
Digital fossa •• 
Spermatic vein ■ 
Jipididymis •• 
Vas deferens — 
A / tery to vas - 
Spermatic artery 
Internal rnnseular tunic^^ 
of Kidtiker 


The dartos is closely united to the skin externaUy, but connected with the 
subjacent parts by delicate areolar tissue, upon which it glides with the greatest 
facility. 

The inter(^lumnar fascia is a thin membrane, prolonged downwards 
around the surface of the cord and testis (see page 509). It is separated from 
the dartos by loose areolar tissue.'' 

The cremasteric fascia consists of scattered bundles of muscular fibres 
{Cremaster muscle), connected together into a continuous covering by inter- 
mediate areolar tissue (see page 511). 

The infundibuliform fascia is a thin layer, which loosely invests the 
cord ; it is a continuation downwards of the fascia transversalis (see page 515). 

The tunica vaginalis is described with the testis. 

VesBeUi and Nerves. — ^The arteries supplying the coverings of the testes are : the supe r- 
^al^fluttd deep fixtemal.l>udiii,braach^ the feznpral, ttl^W43!OrticiaJ.perinp^^ braSon of 
®ie internal imdio, and the cremasteric branch from, the'de^ epigastric. The veins follow 
the course of the corresponding arteries. The Ijmsbalics terminate in the inguinal glands. 
The Tb&rves are the ilio-kAguinal and genito-cruraT branches of the lumbar plexus, the two 
superficial i)erineal branches' of the internal pudic nerve, and the inferior pudendal branch 
of the small sciatic nerve. 

The inguinal or spermatic canal (canalis inguinalis) contains the 
spermatic cord in the male, and the round ligament in the female. It is an 
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oblique canal, about an inch and a half til length, diieoted downwaids alul 
inwards, and placed parallel with, and a little above, Poapart’s ligament. It 
commences, above, at the internal or de^ abdominal ring, which is the point 
where tlie cord enters the inguinal canal ; and terminates, below, at the external 
or superficial ring. It is bounded, in front, by the integument and superficial 
fascia, by the aponeurosis of the External oblique throughout its whole length, 
and by the Internal oblique for its outer tlurd ; behind, by the triangular fascia, 
the conjoined tendon of the Internal oblique and Transversalis, the transversalis 
fascia, and the subperitoneal fat and peritoneum ; above, by the arched fibres 
of the Internal oblique and Transversalis ; below, by the union of the 
transversalis fascia with Poupart’s ligament. 

The spermatic cord (funiculus spermatieus) extends from the internal 
or deep abdominal ring, whore the structures of which it is composed con- 
verge, to the back part of the testicle. In the abdominal wall the cord passes 
obliquely along the inguinal canal, lying at first beneath the Internal oblique, 
and upon the fascia transversalis ; but nearer the pubis, it rests upon Poupart’s 
ligament, having the aponeurosis o^he External oblique in front of it, and the 
conjoined tendon behind it. It then escapes at tln^ external ring, and descends 
nearly vertically into the scrot-im. The left cord is rather longer than the 
right, consequently the left testis hangs somewhat low'or than its fellow. 

Structure of the spermatic cord. — The sperm atic cord is composed of arteries, veins, 
Iynij)halics, nerves, and the excretory duet ol the testicle. These structures are eonnected 
together by areolar tissue, and invested by the layers brought down by the testis in its 
descent. 

The arteries o/ the cord are: tlie spermatic, from the aorla; the artery of the vas 
deferens, from the superior vesical ; and the cremasterjc, from the deep epigastric. 

The spermatic artery, a branch ot the aiKlominal aorta, escapes from the abdomen at 
the internal or deeji abdominal ring, and accompanies the other constituents of the 
spermatic cord along the inguinal canal and through the external a>)dominal ring into 
the scrotum. It then descends to the tesUs, and, becoming tortuous, divides into 
several branches, two or three of which accompany the vas deferens and supply the 
epididymis, anastomosing with the artery ol the vas doforons : the otliers supply 
the substance of the testis. 

The crewusteiic artery is a branch of the deep epigastric artery. It accompanies 
the spcnnatic cord and supplies the Cremaster muscle and other coverings of the cord, 
anastomosing with the spermatic arteiy. 

The artery of the vas deferens, a branch of the superior vesical, is a long slender 
vessel, which accompanies the vas deferens, ramitying upon the coats ot that duct, and 
anastomosing with the spermatic artery near the testis. 

The spermatic veins emerge irom the back of the testis, and receive tributaries from 
the epididymis: they unite and form a convoluted plexus (plexus pampiniformis), which 
forms the chief mass of the cord ; the vessels comtiosing this plexus are very numerous, 
and ascend along the cord in front ol the vas deferens ; below the external or superficial 
abdominal ring they unite to lorm three or lour veins, which jiass along the inguinal canal, 
and, entering the abdomen through the internal or deep abdominal ring, coalesce to form 
two veins. These again unite to form a single vein, which opens on the riglit side into the 
inferior vena cava, at an acute angle, and on the left side into the renal vein, at a right 
angle. » 

The lipnphatic vessels terminate in the lumbar glands. 

The nerves are the spermatic plexus from the sympathetic, joined by filaments from the 
pelvic jilexus which accompany tlie artery of the vas deferens. 

Applied Ana^my. — The scrotum foniis an ndmiiable covering for the protection of 
the testes. These bodies, suspended and loose in the cavity of the scrotum and 
surrounded* by serous membrane, are capable ol groat mobility, and can therefore eas^y 
slip about within the scrotum, and thus avoid injuries from blows or squeezes. The sl^n 
ol the scrotum is very elastic and capable ol groat distension, and on account of the looseness 
and amount of subcutaneous tissue, the scrotum becomes greatly enlarged in cases of 
oedema, to which this pari is especially liable as a result of its dependent position. The 
scrotum is occasionally the seat of epithelioma ; this is no doubt due to the rugm on its 
surface, which favour the lodgment of dirt, and this, producing irritation, is the exciting 
cause of the disease, wfiich is especially common in chimney-sweeps from the lodgment of 
soot. The disease is very much less common than it used to be ; this is probably due to 
the better hygienic conditions of the working classes. The scrotum is also the partjnost 
frequently affected by elephantiasis. * 

On account of the looseness of the subcutaneous tissue,* large extravasations of blood 
may take place from very slight injuries. It is therefore generally recommended never 
to apply leeches to the scrotum, since they may lead to ecohymosis, but rather to 
puncture one or more of the superficial veins of the scrotum in cases where local 
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blood-letting from this part is judg^ to be desirable. The muscular fibre in tfie 
dartos causes contraction and considerable diminution in the size of a wound of the 
scrotum, as after the operation of castration, and is of assistance in keeping the edges 
together, and covering the exposed parts. 

The testes are suspended in the scrotum by the spermatic cords, the 
left testis hanging somewhat lower than its fellow. The average dimensions of 

tlie testis are from one and a half to 


V Artery oj 
Ir cord 


Tunica n I'jin'tlis 
parietal layer 


Diyitfd fo&sii- 


Fio. 1001. — ^The testis in situ, the tunica inches in length, an inch m breadth, 

It vaginalis having been laid open. and an inch and a quarter in the 

antero-posterior diameter ; its weight 
Spermatic cord varies from six to eight drachms. Each 

ijlllll testis is of an oval form (fig. 1001), 

^ K|f 0 / compressed laterally, and having an 

oblique position in the scrotum ; the 
upper extremity is directed forwards 
IlmU ^ little outwards ; the lower, 

baeWards and a little inwards ; the 
anterior convex border looks forwards 
Tunica e I and downwaids ; the posterior or 

parietal layer C Straight border, to which the cord is 

attached, backwards and upwards. 

The anterior border and lateral 
nifjifaifo&sa-JK surfaccs, as well as both extremities of 

H the organ, are convex, free, smooth, and 

uBI -invested by the visceral layer of the 

vi^ jfjlll tuni(?a vaginalis. The posterior border, 

which the cord is attached, receiv(^s 
only a partial investment from that 
membrane. Lying upon the outer edge 
of this post<irior border is a long, 
narrow, flattened body, nauied, from its 
relation to the testis, the epididymis. It coiisists of a central portion, or 
body (corpus) ; an ui)por enlarged extremity, the globus major, or lioad (caput) ; 
and a lower point(Kl extremity, the globus minor, or tail (cauda), which is 
continuous witli tlie vas deferens or duct of the testis. The globus major is 
intimately connected with the upper end of the testis by moans of the cfToront 
ducts of the gland ; the globus minor is connected w ith the lower end by 
cellular tissue, and a reflection of the tunica vaginalis. The outer surfaee and 
upper and lower ends of the epididymis are free and covered by the serous 
membrane ; the body is also completely invested by it, excepting along its 
posterior border ; whilst between the body and the testis is a pouch, named 
the digital fossa (sinus efudidymidis). The epididymis is connected to the 
back of the testis by a fold of the serous membrane. Attached to the upper 
end of the testis, close to the globus major, arc two small pedunculated bodies.* 
One of them is pear-shaped, and atta<?hed by its narrow stalk, the other is 
small and sessile ; they are believed to be the remains of the upper extremity 
of the Mullerian duct (page 170), and are termed the hydatids of Morgagni ; 
some observers, how^ever, regard the stalked hydatid as being a rudiment of 
the pronephros. ,, 

The testis is invested by three tunics : the tunica vaginalis, tunica albuginea, 
and tunica vasculosa. 


The tunica vaginalis is the serous covering of the testis. It is a pouch 
of serous membrane, derived from the peritoneum during the descent of the 
testis, in the foetus, from the abdomen into the scrotum. After its descent, 
that portion of the pouch which extends from the internal ring to near the 
upper part of the gland becomes obliterated ; the lower portion remains as a 
shut sac, which invests the outer surface of the testis, and is reflected on to 
the internal surface of the scrotum ; hence it may be described as consisting of 
a visceral and parietaJ portion. 

The visceral portion (lamina visceralis) covers the greater part of the testis 
and epididymis, connecting the latter to the testis by means of a distinct 
fold. From the posterior border of the gland it is reflected on to the internal 
surface of the scrotum. 



THE TESTES AND THEIB COVERINGS 


^The parietal portion (lamina parietalis) is far more extensive than the 
visceral portion, extending upv^ards for some distance in front and on the 
inner side of the cord, and reaching below the testis. The inner surface of 
the tunica vaginalis is free, smooth, and covered by a layer of endothelial 
cells. The interval between the visceral and parietal layers of this membrane 
constitutes the cavity of the tunica vaginalis. 

The obliterated portion of the pouch may generally be seen as a fibro- 
cellular thread lying in the loose areolar tissue around the spermatic cord ; 
sometimes this may be traced as a distinct band from the upper end of the 
inguinal canal, where it is connected with the peritoneum, down to tlie tunica ^ 
vaginalis ; sometimes it gradually becomes lost on the spermatic cord. Occa- 
sionally no trace of it can be detected. In some cases it happens that the 
pouch of peritoneum does not become obliterated, but the sac o|i^e peritoneum 
communicates with the tunica vaginalis. This may give rise to one of the 
varieties of oblique inguinal hernia (page 1159). In other cases the pouch 
may contract, but not become entirely obliterated ; it then' forms a minute 
canal leading from the peritoneum ^ the tunica vaginalis. 

The tunica albug^inea is the fibrous covering of the testis. It is a dense 
membrane, of a bluish- white colour, composed of bundles of white fibrous 
tissue which interlace in every direction. Its outer surface is covered by 
the tunica vaginalis, except at the points of attachment of the epididymis to 
the testis, and along its posterior border, where the spermatic vessels enter 
the gland. Its inner surface is applied to the tunica vasculosa over the 
glandular substance of the testis, and, at its posterior border, is reflected 
into tJie interior of the gland, forming incomplete vertical septum, called 
the mediastinum testis (corpus Higkmori), • 

The mediastinum testis extends from the upper, nearly to the lov'er 
extremity of the gland, and is wider above than below. From the front and 
sides of this septum numeu-ous slender fibrous cords and imperfect septa 
(traheculce) are given off, whicli radiate towards the surface of the organ, and 
are attached to the inner surface of the tunica albuginea. They therefore 
divide tlie interior of the organ into a number of incomplete spaces wliich 
are somewhat cone-shaped, being broad at their bases at tlio surface of the 
gland, and becoming narrower as they converge to the mediastinum. The 
mediastinum supports the vessels and ducts of the testis in their passage to 
and from the substance of the gland. 

The tunica vasculosa is the v«ascular layer of the testis, consisting of a 
plexus of blood-vessels, held together by delicate areolar tissue. It rovers the 
inner surface of the tunica albuginea and the different septa in the interior 
of the gland, and therefore forms an internal investment to all tho spaces of 
which the gland is composed. 

Structure. — The glandular structure of the testis consists of numerous lobules (lohuli 
testis). Their nuni her, in a single testis, is estimated by Berres at 250, and by Krause at 
400. They dilfer in size according to their position, those in the middle of the gland being 
larger and longer. The lobules are conical in sha/)e, tho base being directed towards the 
circumference of the oi-gan, the apex towards the mediastinum. Each lobule is contained 
in one of tho intervals between tho filirous cords and the vascular processes which extend 
between the mediastinum testis and the tunica *albuginea, and consists of from one to 
three, or more, minute convoluted tu bes, the tubtdi seminifari. The tubes may be separately 
unravelled, by cartjful dissection under water, and may bo seen to commence either by free 
c£ecal ends or by anastomotic loops. The total number of tubes is estimated by Lauth at 
840, and their average length t wo feet and a quarter. Their diameter varies from njjfr fo 
^ I ff of an inch. The tubuli are palo in colour in early life, but in old age they acquire a deep 
yellow tingo, from containing much fatty matter. Each tube consists of a basement 
layer, formed of epithelioid colls united ^ge to edge, outside which are other layers 
of flattened cells arranged in interrupted laminsc, which give to the tube an appearance of 
striation in cross-section. The cells of the outer layers gradually pass into the interstitial 
tissue. Within tho basement-membrane are epithelial cells arranged in several irregular 
layers, which are not always clearly separated, but which may be arranged in three different 
groups (flg. 1002). Among these cells may be seen the spermaio^ in different stages of 
development. 1. Lining the basement-membrane and forming the outer zone is a layer 
of cubical cells, with small nuclei ; these are known as the lining cells or spermatogonia. The 
nucleus of some of them may be seen to be in process of indirect division (karyokinesis, 
page 4), and in consequence of this daughter cells are formed, which constitute the second 
zone. 2. Within this first layer is to be seen a number of larger polyhedral cells, with clear 
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nuclei, arranged in two or three layers ; these are the intermediate ceUe or spermatocjffee. 
Most of these cells are in a condition of karyokinetic division, and the cells which r^ult 

Fig. 1002. — ^Transverse section of a seminiferous tubule. 



from this division form those of the next layer, the spermtiohlasts or spermatids, .3. The 
third layer of colls consists of the spermatoblasts or spermatids, and each of these, without 
further subdivision, becomes a sperrmtozoon. They are ill-dclined granular masses of 

protoplasm, of an elongated form, with a 


Fio. 1003. — ^Vertical section of the testicle, 
to show the arrangement of the ducts. 


Tunica vaginalis 
Tunica albuginea 


Its sejita. 


nucleus, which becomes the head of the 
future spermatozoon. In addition to these 
three layers of coils others are seen, which are 
termed the supporting ceUsj or cells of Sertoli, 
They are elongated and columnar, and pro- 
ject inwards from the basement-membrane 
towards the lumen of the tube. They give 
off numerous lateral branches, which form a 
reticulum for the support of the three groups 
of cells just described. As development of 
the spermatozoa proceeds the latter group 
themselves around the inner extremities of 
the supporting cells. The nuclear portion of 
the spermatozoon, which is partly imbedded 
in the supporting cell, is ^fferentiated to 
form the head of the spermatozoon, w^hile 
the cell protoplasm becomes lengthened out 
to form the middle piece dnd tail, the latter 
projecting into the lumen of the tube. 
Ultimately the heads are liberated and the 
spermatozoa are set free. The structure of 
the spermatozoa is described on page 81. 

In the apices of the lobules, the tubuli 
become less convoluted, assume a nearly 
straight course, and unite together to form 
from twenty to thirty larger ducts, of about 
of an inch in diameter, and these, from their 
straight course, are called vaea recta (fig. 1003). 
The vasa recta (tubuli recti) enter the 
^ fibrous tissue of the mediastinum, and pass 

upwards and backwards, forming, in their ascent, a close netwprk of anastomosing tubes 
which are merely chapnels in the fibrous stroma, lined by flattened epithelium, and having 
no proper walls ; this constitutes the rete testis. At the upper end of the mediastinum, 
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th^ vessels of the rete testis terminate in from twelve to fifteen or twenty duets, the 
vaaaefferentia (ductuli efierentes testis) ; they perforate the timica albuginea, and carry the 
seminal fluid from the testis to the epididymis. Their course is at first straight; they 
then become enlarged, and exceedingly convoluted, and form a series of conical masses, 
the coni vascidosi, which together constitute the globus major of the epididymis. Each 
cone consists of a single convoluted duct, from six to eight inches in length, the 
diameter of which gradually decreases from the testis to the epididymis. Opposite the 
bases of the cones the efferent vessels open at narrow intervals into a single duct, which 
constitutes, by its complex convolutions, the body and globus minor of Uio epididymitf. 
When the convolutions of this tube are unravelled, it measures upwards of twenty feet j| 
in length ; it increases in diameter and thickness as it approaches the vas deferens. 
The convolutions are held together by fine areolar tissue, and by bands of fibrous tissue. 

The vasa recta have very thin walls ; like the channels of the rete testis they ai e 
lined by a single layer of flattened epithelium. The vasa efferentia ami the tube of 
the epididymis have walls of considerable thickness, on account of the })resence in them 
of muscular tissue, which is principally arranged in a circular manner. These tubes are 
lined by columnar ciliated epithelium. 

Applied Anatomy. — ^The testis, developed in the lumbar region, may be arrested or 
delayed in its transit to the scrotum. It ^lay be retained in the abdomen ; or it may be 
arrested at the internal abdominal ring, or in the inguinal canal ; or it may just pass out 
of the external ring without finding its way to the bottom of the scrotum. When retained 
in the abdomen it gives rise to no symptoms, other than the absence of the testis from 
the scrotum ; but when it is retained in the inguinal canal it is subjected to pressure and 
may become inflamed and painful. The testis when first formed is believed to be normal, 
but if retained it undergoes degenerative changes and becomes functionally useless ; so 
that a man in whom both testes are retained (anorchism) is sterile, though he may not 
be im})oton1. The absence of one testicle is termed monorchism. When a testis is 
^ retained in the inguinal canal it is often complicaied with a congenital hernia, the funicular 
process of the peritoneum not being obliterated. In addition to the cases abpve^escribed, 
where there is some arrest in the descent of the testis, this organ may descend through 
the inguinal canal, but may miss the scrotum and assume some abnormal position. Ihe 
most common form is where the testis, emerging at the external abdominal ring, slips 
down between the scrotum and thigh and comes to rest in the perinaeura. This is known 
as perineal ectopia testis. With all varieties of abnormality in the position of the testis, 
it is very common to find concurrently a congenital hernia, or, if a hernia bo not actually 
jiresent, the funicular process is usually patent, and almost invariably so if the testis 
is in the inguinal canal. 

The testis, finally reaching the scrotum, may occupy an abnormal position in it. It 
may be inverted, so that its posterior or attached border is directed forwards and the tunica 
vaginalis is situated behind. Should a hydrocele occur, and tapping be resorted to, the 
trocar may be thrust into the testis, if the operation is performed in tJie ordinary way, 
and care is not taken beforehand to ascertain the position of the gland, 

A number of instances of torsion of the spermatic cord, resulting in acute strangulation 
of the testis, have been recorded. In some it has been attributed to a strain or twist, 
and in several patients the condition has been associated with a late descent of the 
organ. Symptoms of this condition closely simulate those of a strangulated hernia. In 
consequence of the torsion the circulation is partly arrested and the organ swells and 
becomes acutely painful, and the condition may be accompamed with shock and vomiting. 
Gangrene of the testis, however, rarely follows, and the condition, if left without opera- 
tion, ends in £^,trophy of the organ. Torsion of the body of the testis also sometimes occurs 
within the tunica vaginalis in those cases in which a persistent mesorchium is present. 

Fluid collections of a serous character are very frequently found in tiie scrotum. To 
these the term hydrocele is applied. The most common form is the ordinary vaginal 
hydrocelcy in which the fluid is contained in tlic sac of the tunica vaginalis, which is separated, 
in its normal cond^ion, from the peritoneal cavity by the whole extent of the inguinal 
canal. In another form, the congenital hydrocele, the fluid is in the sac of the tunica 
vaginalis, but this cavity communicates with the general peritoneal cavity, its tubulai* 
process remaining pervious. A third variety, known as an infantile hydroede, occurs in 
those cases where the tubular process becomes obliterated only at its upper part, at or 
near the internal abdominal ring. It resembles the vaginal hydrocele, except as regards 
its shape, the collection of fluid extending up the cord into the inguinal canal. Fourthly, 
the funicular process may become obliterated both at the internal ring and above the 
epidid3^is, leaving a central unobliterated portion, which may become distended with 
fluid, giving rise to a condition known as the encysted hydrocele of the cord. 

Encysted hydroede of the epididymis or spermatocele is the name given to a cyst usually 
found in connection with the globus major of the epididymj^. Among its contents are 
found, in many instances, a varying number of spermatozoa, and it is probably a retention 
cyst of one of the tubules. • 

The testis frequently reqfhires removal for m alignan t disease ; in tuberculous disease ; 
in cases of large hernia testis, and^ in some instances of incompletely descended or misplaced 
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testes. The operation of castration was formerly performed for enlargement of the 
prostate, but has now been entirely abandoned in favour of the direct operation on the 
enlarged prostate. Castration is in most oases best carried out by the ‘ high ’ operation, 
an incision being made through the skin and fascia in the region of the external abdominal 
ring. The testis, with its deeper coverings, is then puslied up into the wound and separated 
from the scrotal tissues. The cord is then isolated, and an aneurysm needle, armed with 
a ligature, passed through it, as high as it is thought necessary, and the cord tied and divided. 
In cases of malignant and tuberculous disease, it is desirable to open the inguinal canal 
and tie the cord as near the internal al)dominal ring as possible. When removing the 
testis in this manner the tunica vaginalis is not opened and its folds of reflection to the 
scrotal tissues do not need division. The whole of the tunica vaginalis is thus removed 
with the cord and its coverings. 

Acute inflammation of the testis, or orcMtis^ is common in gonorrhoea ; a chronic 
fibrosing form of orchitis is frequent in syphilis, and leads to shrinkage and hardening of 
the testis. In tabes dorsalis the testis often becomes quite insensitive to pressure, which, 
in the healthy adult, readily produces a severe and peculiar sickening sensation. 


Vas Dehbrens 

The vas deferens (ductus deferens), the excretory duct of the testis, is 
the continuation of the canal of the epididymis. Commencing at tlie lower 
part of the globus minor, it is at first very tortuous, but gradually becoming 
less twdsted it ascends along the posterior border of the testis and inner side 
of the epididymis, and along the back part of the spermatic cord, through the 
inguinal canal to the internal or deep abdominal ring.\ From the ring it curves 
round the outer side of the deep epigastric artery, and ascends for about an** 
inch in feoijt of the external iliac artery. It is next directed backwards and 
slightly downwards, and, crossing the external iliac vessels obliquely, enters 
the pelvic cavity, where it lies between the peritoneal membrane and the 
lateral wall of the pelvis, and j)as8os on the inner side of tlu^ obliterated hypo- 
gastric artery and the obturator nerve and vessels. It then crosses in front 
of the ureter, and, reaching the inner side of this tube, bends to form an acute 
angle, and runs inw ards and slightly forw'ards between the bas(? of the bladder 
and the upj)er end of the seminal vesicle. Reaching t}u=» inner side of the 
seminal vesicle, it is directed downwards and inwards in (jontact wdth it, 
gradually approacJiing the vas of the opposite side. Here it lies betw^een the 
base of tlie bladder and tlie rectum, wliero it is enclosed, together with the 
seminal vesicle, in a sheatli derived from the recto- vesical portion of the fascia 
endopelvina . Lastly, it is directed downwards to the base of the prostate, where 
it becomes greatly riarrow^ed, and is joined at an acute angle by the duct of 
the seminal vesicle to form the ejaculatory duct, which traverses the prostate 
gland behind its middle lobe and opens into the prostatic portion of the urethra, 
close to the sinus pocularis J The vas deferens presents a hard and cord-like 
sensation to the fingers, ^na is of cylindrical form ; its walls are dense, and 
its canal is extremely sm<*ill. At tlie base of the bladder it becomes enlarged 
and tortuous, and this portion is termed the ampulla, A small triangular 
area of the base of the bladder, between the vasa deferentia laterally and 
the bottom of the recto- vesical pouch of peritoneum above, is in contact with 
the rectum. 

Structure. — The vas deferens consists of three Croats : (1) an external or areolar coat; 
,.(2) a muscular coat, which in the greater part of the tube consists of tw'o layers of unstriped 
muscular fibre : an outer, longitudinal in direction, and an inner, circular ; but in addition 
to these, at the commencement of the vas deferens, there is a third layer, consisting of 
longitudinal fibres, placed interna] to the circular stratum, between it and the mucous 
membrane ; (3) an internal, or mucous coat, which is pale, and arranged in longitudinal 
folds. Tlie mucous coat is lined by columnar epithelium w'hich is non-ciliated Ihrou^out 
the greater part of the tube ; a variable portion of the testicular end of the tube is lined 
by two strata of columnar cells and the cells of the superficial layer are ciliated. 

A long narrow tube, the van aherrand of Haller, is occasionally found connected with 
the lower part of the canal of the epididymis, or with the commencement of the vas deferens. 
It extends up into the corcT for about two or three inches, where it terminates by a blind 
extremity, which is sometimes bifurcated, its length varies from an inch and a half to 
fourteen inches, and it may become dilated towards its extremity ; more commonly it 
retains the same diameter throughout. Its structure is similar to that of the vas deferens. 
Occasionally it is found unconnected with the epididymis. 
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Organ of Oiraldis. — Tliis term is applied to a small collection of convoluted tubules, 
situated in front of the lower part of the cord above the globus major of the epididymis^ 
These tubes are lined with columnar ciliated epithelium, and probably represent the 
remains of a jiart of the Wolffian body. 

Vbsicui^ Seminales (fig. 1004 ) 

The vesiculae seminales are two lobulatcd membranous pouches, j^laced 
between the base of the bladder and the rectum, serving as reservoirs for the 
semen, and secreting a fluid to be added to the secretion of the testes. Eacli 
sac is somewhat pyramidal in form, the broad end being directed backwards, 
upwards and outwards. It measures usually about two and a half imdies in 
length, but varies in size, not only in different individuals, but also in tlie same 
individual on the two sides. The antermr mrface is in conta(!t with the 
base of the bladder, extending from near Uie termination of the ureter to the 
base of the prostate gland. The 'posterior surface rests upon the rectum, from 
wliich it is separated by the recto-vesical fascia. Their upper extremities 
diverge from each otlier, and arc separated from the bladder by the vas deferens 


Fig. 1004. — Base of the bladder with the vesicular seminalcB. 



and the lower end. of the ureter, and are partly covered by peritoneum. Their 
lower extremities are pointed, and converge tovs'ards the base of the prostate 
gland, where each joins with the corresponding vas deferens to form the 
ejaculatory duct. • Along the inner margin of each vesicle runs the enlarged 
and tortuous vas deferens. 

Each vesicle consists of a single tube, coiled upon itself, and giving off ' 
several irregular cascal diverticula ; the separate. coils, as well as the diverticula, 
are connected together by fibrous tissue. When uncoiled, the tube is about 
the diameter of a quill, and varies in length from four to six inches ; it termi 
nates posteriorly in a cul-de-sac ; its anterior extremity becomes constricted 
into a narrow straight duct, which joins with the corresponding vas deferens 
to form the ejaculatory duct. 

structure. — The vesiciilsD Bemmales are compoBed of three cq^tB :• an external or areoktr 
coat ; a middle or muscular coat, thinner than in the vas deferens and arranged in tvo 
layers, an outer longitudinal and inner circular ; an intemah or mmous coat, which is 
pale, of a whitish-brown cblour, and presents a delicate reticular structure. The 
epithelium is columnar, and, in the diverticula, goblet-cells are present, the secretion of 
which increases the bulk of the seminal fluid. 
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Yesielf and Kerves. — ^The arteries supplying the vesiculw seminal^ are derived from 
the middle and inferior vesical, and middle heBmorrhoidal. The veins and lymphatics 
accompany the arteries. The nerves are derived from the pelvic plexuses. 

Applied Arujdomy , — ^The vesiculie seminales are often ,the seat of an extension of the 
disease in cases of tuberculosis of the testis, and should always be examined from the 
rectum, before deciding to perform castration in this affection. They also become 
affected in chronic posterior urethritis of gonorrhoeal origin. 


Ejaoulatoby Ducts (fig. 1005) 

The ejaculatory ducts are two in number, one on either side of the 

middle line. Each is 


Fig, 1005. — ^VesiculaD seminales and ampullae of vasa 
deferentia, seen from the front. The anterior walls 
of the left ampulla, left seminal vesicle, and prostatic 
urethra have been cut away. 


formed by the union of 
the duct from the vesicula 
seminalis with the vas de- 
ferens, and is about three- 
quarters of an inch in length. 
They commence at the base 
of the prostate, and run 
forwards and downwards 
between its middle and 
lateral lobes, and along the 
sides of the sinus pocularis, 
to terminate by separate slit- 
like orifices close to or just 
within the margins of the 
sinus. The ducts diminish 
in size, and also converge, 
tow aids their terminations. 

Structure. — The coats of the 
ejaculatory ducts are extremely 
thin. Tliey are : an outer fibrous 
layer y which is almost entirely 
lost after the entrance of the 
ducts into the prostate ; a layer 
of muscuUir fibres, consisting of an outer thin circular, and an inner longitudinal, layer ; 
and rmjuc.ous membrane. 
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The Pbni.s 

The penis is a pendulous organ suspended from the front and sides of the 
pubic arch and containing the greater part of the urethra. In the flaccid 
condition it is cylindrical in shape, but w^hen erect assumes the form of a 
triangular prism with rounded angles, one side of the prism forming the 
dorsum. It is composed of three cylindrical masses of cavernous tissue 
bound together by fibrous tissue and covered with skin. Two 6f the masses 
are lateral, and are known as the corpora cavernosa ; the third is median, and 
is termed the corpus spongiosum, 1006, 1007). 

The corpora cavernosa (corpora cavernosa penis) form the greater part 
of the substance of the penis. For their anterior three-frmrths they lie in 
intimate apposition with one another, but behind they diverge in the form 
of tw^o tapering processes, known as the crura, which are firmly connected 
to the rami of the pubic arch. Traced from behind forwards, each crus 
commences by a blunt-pointed process in front of the tuberosity of the 
ischium. Just before it meets its follow it presents a slight enlargement, 
named by Kobclt the bulb of the corpus cavernosum. Beyond this point the 
crus undergoes a constriction and merges into the coraus cavernosum proper, 
which retains a uniform diameter to its anterior end. Each corpus cavernosum 
terminates abruptly in a rounded extremity some distance from the point of 
the penis. 

The coroora cavernosa are surrounded by a Strong fibrous envelope 
consisting of superficial and deep fibres. The superficial fibres are longitudinal 
in direction, and form a single tube which encloses both corpora ; the deep 
fibres are arranged circularly round each corpus, and form by their junction 
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in the mesial plane a partition or septum (septum penis). This is thick and 
complete behind, but is imperfect in front, where it consists of a series of 
vertical bands arranged like 

the teeth of a comb ; it is Fro. 1006. — The constituent cavernous cylinders of 
therefore named the septum 
pectiniforme. 

The corpus spongiosum 

(corpus cavernosum- urethrae) 
contains the urethra. Beliind, 
it is expanded to form the 
urethral bulb (bulbus urethrae), 
and lies in apposition with the 
superficial layer of the trian- 
gular ligament, from which it 
receives a fibrous investment. 

The urethra enters the bulb 
nearer to the upper than to the 
lower surface. On the latter 
there is a depressed median 
raphe (sulcus bulbi), from 
which a thin fibrous septum 
projects into the substance 
of the bulb and divides it 
imperfectly into two lateral 
lobes or hemispheres. 

The portion of the corpus 
spongiosum in front of tlic bulb 
lies in a groove on tlie under 
Hurfac.e of the conjoined corpora 
cavernosa. It is cylindrical in 
form and tapers slightly from 
behind forwards, its anterior 
extremity is expanded in the 
form of an obtuse cone, flat- 
tened from above dow’iiu ards. 

This expansion, termed the 
fjl(ins penis, is moulded on the 
rounded ends of the corpora 
cavernosa, extending further 
on their upper than on their 
lower surfaces. At the summit 
of the glans is the slit-like 
vertical urethral orifice or meatus (oiificium urethrae externum). The 
circumference of the base of the glans forms a rounded projecting border, 

the corona glandis, overhanging 
a deep sulcus (sulcus retroglan- 
dularis), behind which is the 
neck (collum penis) of the j^ems. 

For descriptive purposes it is 
convenient to divide the penis 
into three regions : the root, the* 
body, and the extremity. 

The root (radix penis) of the 
penis is triradiate in form, con- 
sisting of the diverging crura, one 
on either side, and the mesial 
bulb of the corpus spongiosum. 
Each crus is covered by the 
Erector 4)en&, while the bulb is 
surrounded by the Ejaeulator 
urinse. The root of thQ penis lies in the perinaeum *betw^een the superficial 
layer of the triangular ligament and the fascia of CoUes.. In addition to 
being attached to the pubic rami and triangular ligament, it is bound to the 


Fig. 1007. — Transverse section of the penis. 
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front of the symphysis pubis by the suspensory ligament (lig. suspensorium 
penis). TJie upper fibres of this ligament pass doj^mwards from the lower 
end of the linea alba, and the lower fibres from the symphysis pubis ; 
together they form a strong fibrous band, which extends to the upper surface 
of the root, where it splits into two fasciculi and blends with the fascial 
sheath of the organ. 

The body (corpus penis) extends from the root to the ends of the corpora 
cavernosa, and in it the corpora cavernosa are intimately bound to one another. 
A shallow' groove w'hich marks their junction on tlie upper surface lodges the 
deep dorsal vein of the penis, while a deeper and wnder groove between th6m 
on the under surface contains the corpus spongiosum. The body is ensheathed 
by fascia, w hich is continuous above with the fascia of Scarpa, and below 
w'itli the dart os of tlie scrotum and the fascia of Colles. 

Tlie extremity is formed by the glans penis, the expanded anterior end of 
tlie corpus spongiosum. It is separated from the body by the constricted 
neck, w'hich is overhung by the corona glandis. 

The integument covering the penis id remarkable for its thinness, its dark 
colour, its looseness of connection with the deeper parts of the organ and its 
absence of adipose tissue. At the root of the penis it is continuous with that 
over the pubes, scrotum, and perinaeum. At the necik it leaves the surface 
and becomes folded upon itself to form the prepuce or foreskin (praeputium 
penis). The internal layer of the prepuce is directly continuous, along the 
line of the neck, with the integument over the glans. Immediately behind 
the urinary meatus it forms a small secondary reduplication, attached along 
the bottom of a depressed median raphe, which extends from the meatus to the 
neck ; thisiold is termed the frenulum (frenulum pra^putii). The integument 
covering the glans is continuous with the urethral mucous membrane at the 
meatus ; it is devoid of hairs, but projecting from its free surfaces are a number 
of small, highly sensitive papilla?. On the corona and neck numerous small 
glands, the glamlvlm Tysonii odoriferm (glandula? pra?putii) have been 
described.* They secrete a sebaceous material of very peculiar odour, wiiicii 
probably contains casein, and readily undergoes decomposition. 

The prepuce covers a variable amount of the glans, and is separated from 
it by a potential sac — the preputial sac — which })resents tw^o shallow' recesses 
(fossa? frenuli), one on cither side of the frenulum. 

structure of the penis. — From the internal surface of the fibrous envelope of the corpora 
cavernosa as well as from the sides of the septum, numerous bands or cords are given off, 
which cross the interioi' of the corpora cavernosa in all directions, subdividing them into a 
number of separate ccompartments, and giving the entire structure a spongy appearance. 
These bands and cords are called trabecula' (trai>oculaB corporum cavernosorum ), and consist 
of white fibrous tissue, elastic fibres, and plain muscular fibres. In them arc contained 
numerous arteries and nerves. 

The com))oneiit fibres which form the trabecuLe are larger and stronger round the- 
circumference than at the centres of the corpora cavernosa ; they are also thicker behind 
than in front. The interspaces (cavernous spaces), on the contrary, are larger at tlie centre 
than at the circumference, their long diameters being directed transversely. They are 
filled with blood, and are lined by a layer of flattened cells similar to the endothelial lining 
of veins. 

The arteries bringing the blood to these spaces are the arteries of the corpora cavernosa 
and branches from the dorsal arteries of the penis, which perforate the fibrous capsule, along 
the upper surface, especially near the fore-part of the organ. 

* On entering the (iavemous structure the arteries divide into branches, which are 
supported and enclosexl by the trabecula;. Some of those arteries terminate in a capillary 
network, the branches of which open directly into the cavernous spaces ; others assume a 
tendril-like aj)pearance, and form convoluted and somewhat dilated vessels, which were 
named by Muller helicine arteries. They project into the spaces, and from them are given 
off small capillary bi'anches to supply the trabecular structure. They are bound down in 
the spaces by fine fibrous processes, and arc most abundant in the bock part of the corpora^ 
oavernosa (tig. 1008). 

The blood from the cavernous spaces is returned by a series of vessels, some of which 
emerge in considerable nui];ib6r8 from the base of the glans pern's and converge on the 


1 

• Stieda (CowpUs-rendns du XIT CongrH International de MddeowSt Moscow, 1897) 
asserts that Tyson’s glands are never found on the corona glandis, and that what have hitherto 
been mistaken for glands are really large papillae. 
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dorsum of the organ to form the deep dorsal vein ; dtliers pass out on the upper surface 
of the corpora cavernosa and join the same vein ; some emerge from the under surface 
of the corpora cavernosa^and, receiving branches from the corpus spongiosum, wind 
round the sides of the penis to terminate in the deep dorsal vein ; but the greater number 
pass out at the root of the penis and join the prostatic plexus. 

The fibrous envelope of the corpus spongiosum is thinner, whiter in colour, and more 
elastic than that of the corpora cavernosa. The trabeculee are more delicate, nearly 
uniform in size, and the meshes between them smaller than in the cjorpora cavernosa : 


Fig. 1008. — From the peripheral portion of the corpus cavemosum penis under a low 
magnifying power. (Copied from Langer.) 



1. fi. Ciipillury network, b. Oaverrioiis 2. Ooiinoctioii of tlie arterial twii^H Caj witlt the oavcrnoiia KptiCHS. 


their long diametei’s, for the most part , corresponding with that of the j)enis. , TRo external 
envelope or outer coat of the corpus spongiosum is formed partly of unstriped muscular 
fibre, and a layer of the same tissue immediately surrounds the canal of the urethra. 

The lymphiHcfi of the penU are described on page 789. 

Tlie nerves are derived from the internal pudic nerve and the pelvic plexuses. On 
the glans and bulb some lilaments of the cutaneous nerves have Pacinian bodies connected 
with them, and, according to Krause, many of them terminate in peculiar ond-l)ulbs 
(see page 50). 

Applied Anatomy , — The penis occasionally requires removal for malignant disease. 
Usually, removal of the ante-scrotal portion is all that is necessary, but sometimes it is 
requisite to remove the whole organ from its attachment to the rami of the pubes and 
iscliia. The former operation is })erformed by cutting through the corpora cavernosa 
from the dorsum, and then separating the corpus spongiosum from them, dividing it at a 
level nearer the glans penis. The mucous membrane of the urethra is then slit up, and the 
edges of the flap attached to the external skin, in order to prevent contraction of the 
orifice, which might otherwise take place. The vessels which require ligature arc the two 
dorsal arteries of the penis, the arteries of the corpora cavernosa, and the artery of the 
septum. When the entire organ requires removal, the patient is placed in the lithotomy 
position, and an incision is made through the skin and subcutaneous tissue round Ihe root 
of the penis, and carried down through the median line of the scrotum as far as the 
perinaeum. The two halves of the scrotum are then separated from each other, and a 
catheter havqig been introduced into the bladder as a guide, the spongy portion of the 
urethra below the triangular ligament is separated from the corpora cavernosa and divided, 
the catheter having boon withdrawn. The suspensory ligament is now severed and the 
rura separated from the bone with a periosteum «craper, and the wdiole penis removed. 
Tho membranous portion of the urethra, which has not been removed, is now to be 
attached to the sk^n at the posterior extremity of the incision in the perinacuin. The 
remainder of the wound is to be brought together, fi’ee drainage being provided for. 

The Peostate Gland 

Tho prostate ^land (prostate) is a firm, partly glandular and partly 
muscular body, which is placed immediately below^ the neck of the bladder 
and around tho commencement of the urethra. It is situated in the pelvic 
cavity, below the lower part of the symphysis pubis, above the superior layer 
of the triangular ligament, and in front of tho rectum, through wdiich it 
may be distinctly felt, especially when enlarged. It is«;bout the size of a 
chestnut and somewhat conical in shape, and prescfnts for examination a base, 
an apex, an anterior, a posterior, and two lateral surfcDces. 

The base (basis prost&tse) is Erected upwards, and is applied to the under 
surfrico of the bladder. The greater part of this surface is directly continuous. 
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\^ith the bladder wall : the urethra penetrates it nearer its anterior than its 
posterior border. ^ 

The apex (apex prostatas) is directed downwards, and is in contact with 
the deep layer of the triangular ligament. 

The posUrior surface (facies posterior) is flattened from side to side and 
convex from above downi^ards ; it rests on the rectum, and is distant about 
an inch and a half from the anus. Near its upper border there is a depression 
through uhich the two common ejaculatory ducts enter the prostate. This 
depiession serves to divid(» tlie posterior surface into a lower larger and an upper 
smaller part. Tlie upper smaller part constitutes the middle lobe of the prostate 
and intervenes between the ejaculatory duets and the uiothra ; it varies greatly 
in size, and in some cases is destitute of glandular tissue. The lower larger 
portion sometimes presents a shallow median furrow, wliioh imperfectly 
separates it into a nqhl and a left lateral lobe . tliese form the main mass of 
the gland and are directly continuous with each other behind the urethra. 


Fig. 1009* — faction of normiCI prostate through the middle of the 
verumoniaiLum, from a subject aged nineteen years. (Taylor.) 



a, lonjiritadinal sectiou of duct*4 ]i udiii^ from the lobuh4 of tlie prostatic f:;landa , ft, v&nimontdimm , c, sinus 
pocularis , d, urctlira, c, riatulatory ducth , Hrteti€<4, Teius, and icnous buiusie m bheath of prostate, 
g, nerve trunks m sheatli , A, point of origin of fibro-must ular bands ondiiling unthra , <, ^one of striated 
\ oluntar> iiiusole on sujiLnoi surface 


In front of the urethra they aie conn(‘eted by a band which is named the 
anterior commissure this consibts of the same tissues as the capsule and is 
devoid of glandular bubstanco. 

The anterior surface (facieb anterior) measures about an inch from above 
downwards, but is narrow and convex from side to side. It is placed about 
threo-quaiiei of an inch behind the pubie symphysis, from which it is separated 
by a plexus of veins and a quantity of loose fat. It is connected to the pubic 
bone on either side by the pubo-prostatie ligaments. The urethra emerges 
from this suiface a little above and in front of the apex of the gland. 

The lateral surfaces (facies lateiales) are prominent, and are covered by the 
anterior portions of the Levatores ani muscles, w^hich are, however, separated 
from the gland by a^ pl^^us of veins. 

The prostate measures about an inch and a half transversely at the base, 
thi’ee-quarters of an inch in its antero-posterior diameter, and an inch and 
a quarter in its vertical diameter. Its weight is about four and a half drachms. 
It is held in its position by the anterior ligaments of the bladder (pw6o- 
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prostatic^ ; by digap layer of the triangular ligament, whieli invents the 
commenceifneiQt of the membranous portion of the urethra and prostate 
gland ; and by the anterior portions of the Levatores ani muscles, which pass 
backwards from the pubis and embrace the sides of the prostate. These 
portions of the Levatores ani, from the support they afford to the j)rostate, 
are named the Levatores prostatce. 

The prostate gland is perforated by the urethra and the ejaculatory duets. 
Tlie urethra usually lies along the junction of its anterior with its niiddh^ third. 
The ejaculatory ducts pass obliquely downwards and forwards through the 
posterior part of the prostate, and open into the prostatic })ortion of th(' 
urctlira. 

Structure. — ^The prostate is immediately enveloped by a thin but lij-m fibrous capsuJi*, 
distinct from that derived from the fascia endo}ielvina, and separated from it by a plexus 
of veins. This capsule is lirmly adherent to the prostate and is struct uraJly continuous 
with the stroma of the gland, being composed of the same tissues, viz. non-striped muscle 
and fibrous tissue. The substance of the prostate is of a pale reddish-grey colour, of great 
density, and not easily torn. It consists df glandular substance awd muscular tissue. 

The mu.scnlar according to Kdlliker, constitutes the proper stroma of the jnostate ; 
the connective tissue being very scanty, and simply forming; betw^een tJie muscular fibres, 
thin trabecula’, in which the vessels and neri'^e^s of the gland ramify. The niuseular tissue 
is arranged as follow^s : immediately beneath the fibrous ca])siile is a dense layer, whicli 
forms an investing sheath for the gland ; secondly, around the urethra, as it lies in the 
prostate, is another dense layci* of circular libres, continuous above with the internal layer 
of the muscular coat of the l)laddor, and below blending with the fibres surrounding the 
iTicinhranoiis portion of the urc^thra. Betw-cen these two layers stiong bands of muscular 
tissue, wliich decussate freely, fomi me.shes in which Iho glandular structure of organ is 
inilK’dded. In that jmrt- ol the gland vvhi(‘h is situated in front of the uretliritthe muscular 
tissue is esj)e(5ially dense, and then? is hen? little or no gland tissue ; while in that part W’lii(jh 
is behind the urethrfi iho muscular tissue presents a wide-meshed structure, wliicli is 
densest at the base of the gland — that is, near the bladdej* — becoming looser and more 
sponge-like tow'ards the apex of the organ. 

The glamiuhir substance is composed of numerous follicular pou(?hcH, o])ening into 
elongated canals, which join to form from twelve to twenty small excietory diujts. The 
follicles are connected together l)y areolar tissue, supported by prolongations from the fibrous 
capsule and muscular stjoma, and enclosed in a delicate capillary plexus. The epitlielium 
which lines the (;aiials and the terminal vesicles is of the columnar variety. The prostatic 
ducts open into the tloor of the iJiostatic ])ortion of the luethra. and arc lined by two layers 
of epithelium, the innei* layer (joiisistiiig of columnar and the outer of small cubical cells. 

Vessels and Nerves. — 'J'hc aheries supplying tlic prostate are derived from the. internal 
pudig^esi(.*al, and haMiiorrhoiaal. Its veins torm a plexus around the sides and base of 
me glancT; ITiev rcceivc in front the dorsal vein of the penis, and terminate in the internal 
iliac veins. 'The ntirves are derivetl from the pelvic jdexus. * 

Applied Amiloniip-Aiy meanf- of the linger introduced into the rec.tum, the surgeon 
detect.s enlargement or other disea.se of the prostate; he can fed the apex cf the gbind, 
which is the guide toC\)ek’s opei’ation for stricture; he is enabkHl also ]>v the sa?ue means to 
direcit the i)oint of a catheter, when its introduction is attended with dilliculty cillKu- from 
injury or di.s(»a.se ot the membranous or jirostatic imi tions of the urethra. When the lingiw 
is introduced "Into the bowel, the surgeon may, in some cases, e.speeiaJIy in bov.s, learn the 
position, as well as the size, of a calculus in the bladdc]* ; and in the ojicration for its 
jtsmoval, if, as is not infrequently the case, it should he lodged behind an enlarged 
prostate, it may bo displaced from its position % prc.ssing u[) wards the ba.se of the 
bladder from the rectum. The j>rostate gland is occasionally the scat of suppuration, 
duo to either goilf)rrhma or tuberculous disease. 1''he gland is enveloped in a dense 
unyielding capsule, which determines the course of the tihscess, and also explain^ 
the great pain which is })resent in the acute form of the disease. The abscess most 
frequently bursts into the uiethra, the direction in which there is least resistance, but 
may burst into the rectum, or more rarely in the perina’um. In advanced life the 
prostate sometimes becomes considerably enlarged and ]uojects into the bladder so 
as to impede tlie passage of the urine. According to Mes.ser’s researches, conducted 
at Greenwich Hospital, it would seem that such obstruction exists in 20 per cent, 
of all men over sixty years of age. In some cases the eondition affects principally the 
lateral lobes, which may undergo considerable enlargement without causing mucli incon- 
venience. In other cases it would seem that the middle lobe en^rges most, and even a 
small enlargement of this lobe may act injuriously, by formihg a sort of valve over the 
urethral orifice, preventing the passage of the urine ; and th^ more the patient strains, 
the more completely will it.block the opening into the urethra, in consequence of the 
enlargement of the prostate, a poucli is formed at the base of the bladder behind the pi-ojec- 
tion, in which urine collects, and cannot be entirely expelled. It becomes decomposed 
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and ammoniacal, and leads to cystitis. For this condition proatfUedomy is Bomelimes 
done. The bladder is opened by an incision above the symphysis pubis, the mucous 
membrane of the post-prostatic pouch is scratched through, and the finger is then introduced 
into the space between the true cajisule of the i)rostate and outer capsule formed by 
the fascia endopelvina. Separation in this plane is then carried out below and laterally 
until the apex of the gland is reached. The whole of the work is done with the finger, 
which^is gradually swept round the sides until the anterior surface is reached and freed. 
Tlie gland is then, by traction, dispbiced into the bladder and removed, usually carr3dng 
with it the greater portion of the mucous membrane of tlie prostatic urethra. HsBmorrhage, 
which may be considerable at times, is checked by hot irrigations, and the bladder is 
temporarily di-ained. Very satisfactory results have followed this operation. 

The prostate can be reached from the perineeum, and in some cases the enlarged gland 
has been temoved by this route, but the ixjrineal approach is not usually employed except 
in the case of abscess of or about the gland. 

4^5^wpbr’s Glands 

Cowper’s gflands (glandulae bulbo-urethrales) are two small, rounded, 
and somewhat lobulated bodies, of a yellow colour, about the size of peas, 
placed behind the membranous portion of the urethra, between the two layers 
of tlie triangular ligament. They lie close above the bulb, and are (uiclosed 

the transverse fibres of the Compressor urethrae muscle. Their existence 
Is said to be constant : they gradually diminish in size as age advances. 

The excretory duct of each gland, nearly an inch in length, passes obliquely 
forwards beneath the mucous membrane, and opens by a minute orifice on the 
floor of the bulbous portion of the urethra. 

Structure — Each gland is made up of several lobules, held together by a fibrous 
investment. <Each lobule consists of a number of acini, lined by columnar epithelial cells, 
opening into one duct, which joins with the ducts of other lobules outside the gland to 
form the single excretory duct. 


FEMALE REPEODUCTIVE ORGANS 

The female reproductive organs (organa genitalia muliebria) consist of 
an internal and an external group. The internal organs are situated within 
the pelvis, and consist of the ovaries, the Fallopian tubes, the uterus, and 
the vagina. The exter'nal organs are placed below the triangular ligament of 
the urethra and below' and in front of the pubic arch. They (jomprise the 
rnons Veneris, the labia majora et minora, the clitoris, the bulbus vestibuli, 
and the glands of Bartholin. 


The Ovaries 

The ovaries are homologous with the testes in the male. They are two 
nodular bodi(\s, situated one on either side of the uterus in relation to the lateral 
wall of the pelvis, and attached to the back of the broad ligament of the uterus, 
behind and below the Fallopian tubes (fig. 1010). The ovaries are of a greyish- 
pink colour, and present either a smooth or a puckered uneven surface. They 
are each about an inch and a half in length, three-quarters of an inch in wddth, 
and about a third of an inch in thickness, and weigh from one' to two drachms. 
Each ovary (ovarium) presents an outer and an inner surface, an upper and 
a lower extremity, and an anterior and a posterior border. It lies in a shallow 
depression, named the fossa ovarii, on the lateral wall of the pelvis; this 
fossa is bounded above by the external iliac vessels, in front by the obliterated 
hypogastric artery, and behind by the ureter. The exact position of the 
ovary has been the subject of considerable difference of opinion, and the 
description hero given applies to the ovary of the iiulliparous woman. The 
ovary becomes displaced during the first pregnancy, and probably never 
again returns to its crigiml position. In the erect posture the long axis of the 
ovary is vertical. Tho upper or tubal extremity is near the extemed iliac vein ; 
to it is attached the ovarian fimbria of the Fallopian tube and a fold of 
peritoneum, the suspensory ligament of the ovary, which is directed upwards 
over the iliac vessels and contains the ovarian vessels. The lower or uterine 
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end is directed downwards towards the pel vie floor ; it is usually narrower 
than the upper, and is attached to the lateral angle of the uterus, immediately 
behind the Fallopian tube, by a rounded cord termed th(^ ligament of the 
ovary, which lies within the broad ligament and contains some non-striped 

Fig. 1010. — Uterus and right broad ligament, seen from behind. The broad ' 
ligament has been spread out and the ovary drawn do\i 7 iwards. 


Ligament of ovary 


EpoOpJioron or parovarium 










< 1 , a. Iflpoiiplioron formed from the upper part of the Wolffian body. 6. Ilomains of the iippormoet tubes Bometimes 
forming hydatids, c. Middle set of tubes, d. iSoine lower atrophied tubeB. v, Atropliied remains of the Wollllan 
duct. /. The terminal bulb or hydatid, h. The J^'allopian tube. ». Hydatid attadied to tlie extremity. /. The 
ovary. 

ovarium. Between the two layers of this fold the blood-vessels and nerves 
pass to reach the hilus of the ovary. The posterior qr ccBivex border is free, 
and is directed towards the Ureter. The Fallopian tube arches over the 
„ ovary, running upwards jin relation to its anterior boMer, then cmrving over 
its upper or tubal pole, and finally passing downwards on its .posterior border 
and inner surface. • 

4 1 2 
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Epot^phoron and paroSphoron (figs. 1010, 1011).— Lsdng in the broad 
ligament, between the ovary and the Fallopian tube, is the epoi^phorcm or 
parovarium, also called the organ of liosenmiiller. This consists of a few closed 
convoluted tubes, lined with epithelium, which converge tow ards the ovary at 
one end and at the other are united by a longitudinal tube, the duct of Odrincr. 
In the human female this duct terminates in a bulbous enlargement ; in the (^ow 
it attains ,a greater development and opens into the vagina. The paroophoron 
consists of a few scattered nidimentary tubules, best seen in the child, situ- 
ated in the broad ligament bet ween the parovarium and the uterus. The 
epoophoron and paro6j)horon are remnants of the Wolffian body or meso- 
nephros* and the duct of Ojirtner is a persistent portion of the Wolffian duct. 

In the feetus, the ovaries are situated, like the testes, in the lumbar region, 
near tlie kidneys. Tiiey may be distinguished from those bodies at an eaily 
period by their elongated and flattened form, and by their position, which is 
at first oblique and then nearly transve^rso. They gradually dosc^end into th(.‘ 
pelvis. 

r 

Structure (fig. 1012). — The surface of the ovary is covered by a layer of coluninar 
cells which constitute the g^rmirnd epithelium of Wuldeyer, This epithplium gives to tlie 
ovary a dull grey colour as compared uith the shining smoothness of the peritoneum ; and 
the transition between tliti pavement e})ithelium of the j)oritoneum and the columnar cells 
which cover the ovary is usually marked by a line around the anterior border of the ovary. 
The ovary consists o1 a number of (iraafian follicles imbedded in the mcslies of a stroma or 
framework. 

The atrnma is a ])oeuliar soft tissue, abundantly supplied with blood-vessels, consisting 
lor the most, part of spiTalle-shaped cjclls with a small amount of ordinary coniu*ctive 
* tissue. These cells have been j*e- 

garded by some anatomists as nn- 
strijHMl musele-eells, which, indeed, 
they most rest^mhJo ; by otliers as 
eonm'ctivo-t issue cells. On the sur- 
face of tbe organ this tissue is much 
condensed, and forms a layi'i* [tutnea 
alhuffinen) composed of sliort. con- 
nective-tissue fibres, with fusiform 
cells between tb(*m. 

Graajicm folUrleH.- -Vpon making 
a section of an ovary, numerous 
round t ranspan'iit vesicies of various 
sizes are to be seen ; they are the 
Graaiian follicles, or ovisacs con- 
taining tJie ova. Immediately 
beneath the superficial covering is a 
layer of stroma, in vvhi(!h are a large 
number of minute ves!(^los, of 
uniform size, about , /, ,, of an inch 
in diameter. These are the follicles 
in thoii’ earliest. coiuUtiori, and the 
layer where they are found has l>een 
termed th(^ rortieal hojer. They are 
especially numerous in the ovary of 
the young child. After puberty, and during tlio whole of tht^ child-bearing jicriod, large 
and mature, or almost mature. Graafian follicles are also found in tjie cortical layer in 
small numbers, and also ‘ corj)ora lutea,’ the remains of follicles which have bui'st and arc 
*-undergoing atrophy and absorption. Beneath this su))crficial stratum, other large and 
more mature folhcly^ are found imhe.dded in the ovarian stroma. These increase in size 
a.s they recede from the surface towards a highly vascular stroma in the centre of the 
organ, terTiied f ho medullary subsUtnee, (zoim vasculofta, Waldeyei ). This stroma forms the 
tissue of the hilus by wliich the ovary is attjiehed, ahd through which the blood-vessels 
ento ; it does not contain any Graafian follicles. 

The larger Cbaufian follicles consist of an external fibro-vascular coat, connected with 
the surrounding stroma of the ovary by a network of blood-vessels ; and an internal coat, 
naiJied the vvieapuule, which is lined by a layer of nucleated cells, called the memhrana 
granvlosa. In that pUrt of the mature Graafian follicle whieh is nearest the surface of 
the ovary, the cells of the membnina granulosa are conneeted into a mass W’hich projects 
into the cavity of the follicle. This is termed the disc/as proligerus^ and in it the ovum is 
imbedded.* Tlio follicle contains a transparent albuminous 'fluid. 

* For a description of the ovum, see i)agc 78. 


1012. Section of the ovary, 
(Aficr Schron.) 
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The ova are usually regarded as being formed from the germinal epithelium on ithe 
surface of the ovary. This becomes thickened, and in it are seen some cells which are 
larger and more rounded tlian the rest : these are termed the primordial ma. The germinal 
epithelium grows downwards in Uie form of tubes or columns, termed the egg tubes of 
Pfliiger, into the ovarian stroma, which grows outwards between the tubes, and ultimately 
ijuts them oflF from the germinal epithelium. These tubes are further subdivided into 
rounded nests or groups, each ^containing a primordial ovum which undergoes further 
development and growth while the surrounding cells of the nest form the epithelium of the 
Graalian follicle. 

The development and maturation of the Graafian follicles and ova continue uninter- 
ruptedly from puberty to the end of the fruitful period of woman’s life, while ^heir formation 
commences before birth. Before puberty the ovaries are small, the Graafian follicles 
contained in them are disposed in a comparatively thick layer in the cortical substaru^e ; 
here they present the appearance of a large number of minute closed vesicsies, constituting 
flic early condition of the Graafian follicles ; many, however, never attain full development, 
but shrink and disa})pear. At puberty the ovaries enlarge and become more vascidar, 
the Graafian follicles are developed in greater abundance, and their ova are capable of 
fecundation. 

Discharge of the ovum. — The Graafian f(41icles, after attaining a certain stage of dcvelo])- 
mont, gradually a])proach the surtace o'* the ovary and burst; the ovum and fluid contemts 
of the follicle are liberated on the exterior of the ovary, and carried into the Fallopian tube 
by peritoneal currents set uj) by the mov'^ments of the cilia covering the mucous membrane 
of the fimbria*. 

Vessels and Nerves. — The ^/r/mV« of the ovaries and Fallopian tuT)es are the ovaria n 
frxmiJhfi-^rta. Each enters the attached border, or hilus, of tlie corresponding ovary. 
The veins emerge from the liilus in ihe form of a ])lexus,. the DarnpivUorm v lexus : tho 
ovarian vein is formed from this plexus, and leaves the pelvis in company with the artery. 
The nerves are derived from the hyp<)gastjiii-«j^j^yi(; plexus, and from the ovarj||p,n plexus, 
the Fallopian tube reijeiving a brancli froni onem "the uterine nerves. • 

Applied Armtowy. — 'I’he inflammations which affect the ovary are merely an extension 
of those from the lulie. Ovarian new formations are of (jomiiion oecurrenee, and are either 
solid or (;ystic ; the forrnei’ being Ibc less common. The ‘ (tmriun cysts ’ in the majority 
of cases are cystadeiiomafa whicli may assume enormous dimensions ; in rarer instances 
they form from the lubules at the hilus of the ovary or those of Ihe organ of Bosenmuller ; 
in other instances a clear watery cyst forms between the layer’s of the broad ligament. An 
ovarian cyst, once diagnosed, shouJd always be removed, as it is liable to become affected 
by suppuration, torsion of its pedicle, or other serious complications. The operation for 
its removaJ, badJy termed otaritdomy, <'onsists in opening the abdomen, and r(*ducing the 
size of tho cyst wlicn large by tapjiing it before its withdrawal from the alidornen ; the 
pedicle is then clairiped with a large forceps, and the cyst is cut fret*. This pedicle must 
then he transfixed and securely ligatured by an inlciiocking ligature, which will not slij) 
off. The pedicle tjonsists of an elongated jiart of the broad ligament, including the Fallopian 
tulie and ovarian art(*ry. and a great number of large veins. Ovariotomy lor a simple 
uncomplicated cyst, presents no sjiecial ditficiillies, but, in cases w here there arc old adlici- ions 
implicating the small intestines, it may present very great ditlicultics. 


The Fallopian Tubes (figs. 1010, 1013) 

The FaHopian tubes, or oviducts, (;onvoy tlio ova from ilio ovaries to 
tho cavity of the uterus. They arc two in iiujtiIku*, one on oitlw^r side, situated 
in the upper margin of the broad ligament-, ^nd extending from eitlier HU|)enor 
angle of the uterus to the side of the pelvis. Each tube is about four inches 
in huigtli ; and is described as consisting of three portions : (1) tlic^ isthmus, 
or inner constrict(;d third ; (2) the ampulla, or outer dilated portion, which 
curves over the ovary ; and (3) the infundibulum, with its ostium ahdominale^ 
surrounded by fimhruje, oiw. of which, the hmhrin omiica^^ to the 

ovary. The Fallopian tubt? is directed outwards as far as tTie lower or uterine 
pole of the ovary, and then ascends along tJu^ antcTior border of the ovary 
to tho upper or tubal polo, over which it arches ; finally it turns doAvn- 
wards and ends in relation to thi^ posterior border and inner surface of 
the ovary. The uterine operuiig is minute, and will only admit a fine bristle ; 
the abdominal opening is somoAvhat larger. In connection w’ith the fimbri.x* 
of the Fallopian tube, or with the broad ligament ^'lost? to them, there are 
frequently one or more small pedunculated vesicles. These are termed the 
hydatids of Morgagni, , * 

Structure. — ^The Fallopian tube consists of three coats : serous, muscular, and mucous. 
The external or serous coat is peritoneal. The middle or muscular coat consists of 
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an external longitudinal and an internal circular layer of non-striped muscular fibres 
continuous with those of the uterus. The inicrml or mucouB coat is continuous with the 
mucous lining of the uterus, and, at the free exti-emity of the tube, with the peritoneum. 
It is thrown into lon^tuditud fol^, which in the outer, larger part of the tube, or ampulla, 
are muoh more extensive in the narrow canal of the isthmus. The fining epithelium 
is columnar and ciliated.^ I^tn of epilhelium is also found on the surface of 
the fimbrifiB ; trhile oh thh vOtltter or serous surfaces of these processes effithelium 
gradually merges into the endpthsfi^m Of the peritoneum. 

Applied Anatomy, — The majority of the diseases of the Fallopian tube are due to infec- 
tions which have spread by way of the vagina and uterus, and the disease often does not 
stop at the Fallopian tube, but passes on to the peritoneum, giving rise to acute general 
peritonitis, or a localised condition termed perimetritis that may be acute or chronic. 
Perimetritis is often followed by various painful conditions, which are due to the peritoneal 
adhesions resulting from Ibe inflammation of the serous membrane, and which persist 
throughout life, l^bal inflammation (salpinyitis) is usually the result of an infection either 
by the gonococcus or by septic organisms implanted at the time of labour or abortion. In 
many cases the fimbriated ends of the tubes become closed by adhesions, pus collects in 
the t-uhes. and a pyosalpinx results. 

Fertilisation of the ovum has been stated (page 83) to occur in the tube, and the 
fertilised ovum is then normally passed on into the uterus ; the ovum, however, may 
segment whilst it is still in the Fallopian tube, giving rise to the commonest variety of 
ectf>pi6 gestation. In such cases the amnion and chorion are formed, but a true decidua is 
never present ; and the gestation usually terminates by extrusion of tlie ovum thi'ough the 
abdominal ostium, although it is not uncommon for the tube to rupture into the peritoneal 
cavity, this being accomjianied by severe hamiorrhngc, and needing surgical interference. 


The Utekus (figs. 1010, 101.3, 1014) 

The uterus, or womb, is a hollow, ihick-walled , muscular organ situated 
deeply in the ])elvic cavity between the bladder and rectum. Into its upper 
part the Fallopian tubes open, one on either side, while below^ its cavity 
communicateB with that of the vagina. When the ova are discluirgt^d front 

Fio. 1013. — Female pelvis and its contents, seen from abo\ o and in front. 



the ovaries they are carried to the uterine cavity through the Fallopian tubes. 
If an ovum be fertilised it imbeds itself in the uterine w'all and is normally 
retained in the uterus until pre-natal development is completed, the uterus 
undergoing changes in size and structure to accommodate itself to the needs 
of the growing embryo (see page 97). After parturition the uterus returns 
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almost to its former condition, but certain traces of its enlargement remain. 
It is necessary therefore to describe as the tjrpe-form the adult virgin uterus, and 
then to consider the modifications which are effected as a result of pregnancy. 

In the virgin aiaU the uterus is fiattoaed antaro<^posteriorly and is pyriform 
in shape, with the apex directed downwards and bac^ards. It lies between 
the bladdef in fropt and the pelvic colon and behind, and is completely 

within the pelvis, so that its base is below the level of the pelvic brim. Its 
upper part is suspended by the broad and the round ligaments, while its 
lower portion is imbedded in the fibrous tissue of the pelvis. 

The long axis of the uterus usually lies approximately in the axis of 
the pelvic brim, but as the organ is freely movable its position varies w'ith 
the state of distension of the bladder and rectum. Except when much displaced 
“by a fully distended bladder, it forms an angle with the vaj^a, since the* axis 
of the \agina corresponds to the axes o^ the cavity and outlet of the pelvis. 


Fio. 1014. — Median sa^> (tal hcotion of female pelvis. 



The uterus measures about three incht^s in length, two inches in bn^idth 
at its upper part, and nearly an inch in thickness ; it weighs from an ounce* 
to an ounce and a half. It is divisible into two portions. On the surfacx\ 
about midway b(‘twccn the apex and base, is a slight constriction, known as 
the isthmus (isthmus uteri), and corresponding to this In the in tenor is a 
narrowing of the uterine cavity, the internal os (oriticium internum uteri). 
The portion above the isthmus is termed the hody, and that below, thecem.r. 
The part of the body wliich lies above a plane passing through the points of 
entrance of the Fallopian tubes is known as the^ Jundus (fundus uteri). 

Body (corpus uteri). — The body gradually narrows from the fundus to 
the isthmus. • 

The anterior surface (facies vesicalis) is flatteifi^d and covered by peri- 
toneum, wliich is refiected on to the bladder to forin^ the utero- vesical pouch. 
The surface lies in appoHsition with the bladder. 

The posterior surface (facies intestinalis) is convex transversely, and is 
covered by peritoneum, w’^hich is continued down on to the cervix and vagina. 
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It is in relation with the pelvic colon, from which it is usually separated jby 
some coils of small intestine* 

The superior surface is:,;^art of the fundus. It is slight^ convex in all 
directions, and covered by peritoneum continuous with that on the anterior 
and posterior surfaces. On it rest some coils of small intestine, and occasion- 
ally the distended pelvic colon. 

The lateral margins (margines laterales) are slightl}^ convex. At the upper 
end of each the Fallopian tube pierces the uterine wall. Below’ and in front of 
this point the round ligament of the uterus is attached, while behind it, is the 
attachment of the ligament of tlie ovary. These three structures lie within 
a fold of jieriioneum w;hich is reflected from the margin of the uterus to the 
wall of the pelvis, and is named the broad ligament. 

Cervix (cervix uteri). — The cervix is the lower constricted* segment of 
the uterus. It is somewhat conical in shape, with its truncated apex directc^d 
downwards and backwards, but is slightly wider in the middle tlian either 
above or below'. Owing to its relationships, it is less freely movable than tJie 
body, so that the latter may bend on it. «• The long axis of the cervix is there- 
fore seldom in the same straight line as the long axis of the body. The long 
axis of the uterus as a whole presents the form of a. euj*v(^d line witJi its 
concavity forwards, or in extreme eases may present an angular bend at the 
region of the isthmus. 

Tlie vaginal well is attached round the cervix, and divides it into two 
portions ; an uj^[)er. supravaginal portion, and a lower, vaginal portion. 

The supravaginal portion (portio supra vaginalis) of the cervix is separated 
in front from the bladder by tibrous tissue (paramcirium) , which extends also 
on to its sides and outwards between the layers of the broad ligaments. The 
uterine arteries reach the rnarghiB of the cervix in this fibrous tissue, while on 
either side the ureter runs dovvnw’ards and forwards in it at a distance of 


about three-(|uarters of an inch from the cervix. I^oskriorlij. the su])ra- 
vagina.1 cervix is (iov(ued by peritoneum, which is prolonged below' on to the 
posterior vaginal wall, whence it is rcfleeted on to the rectum, forming the r(‘cto- 
vaginal pouch or pouch of Jlouglas. It is in relation willi the rc(‘tum, from 

wiiich it may be se)>aT*ated 
Fid. 1015. — Vertical transverse section of uterus and 1^.^ eoils of small intestine. 

upper part of vagina. The vaginal portion 
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Fid. 1015. — Vertical transverse section of uterus and eoils of small intestine. 

upper part of vagina. The vaginal portion 

(pojtio vaginalis) of the 
ec^rvix projecits free into 
the* roof of tht‘ vagina 
between the anterior* and 
posterior foniic^es. On its 
rounded (extremity is a 
small, d(?j)reHsed, some- 
w hat' circular a p e r t u i* e, 
the external os (orificiiim 
externum uteri), through 
which the cavity of the 
cervix eommunieates w'itli 
that of tho vagina. The 
external os is bounded by 
two lips, an anterior 
(labium anterius cervieis) 
and a posterior (labium 
posterius c^ervicis), of which 
the anterior is the shorter 
and thicker, although, on 
account of the slope of 
the cervix, it projects 
iow'er than the posterior. 
Normally both Ups arc in 
contact with the posterior 
vaginal wall. 

Interior of the uterus (fig. 1015). — ^The cavity of the uterus i^ small 
in comparison wdth the size of the organ. 


-Intvnud os 


-External os 




Vagina — 
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The cavity of the body is a mere slit, flattened antero^^posteriorly. It is ‘ 
triangular in shaM, the base being formed by the intemid sorfaoe of 
fundus between tne uterine orifices of the Fapbpian tubes, the apea the 
interna] os through wWeh the cavity of the body communicates With the 
cavity of the cervix. 

The cavity of the cervix (canalis cervicis uteri) is somewhat fusiform, 
flattened from before backwards, and broader at the middle tlian at either 
extremity. It communicates above through the internal os witli the cavity 
of the body, and below through the external os with the vaginal cavity. 
Tlie wall of the canal presents an anterior and a posterior longitudinal 
ridge, from each of whi(;h proceed a number of small oblique columns, giving 
the appearance of branches from the steiii of a tree ; to this arrangement 
th() name arbor vitas uterina is applied. The longitudinal ridges are not 
exactly opposed, but fit against one anotluT so as to close tlio cervical 
canal. 

The total length of the uterine *avity from the external os to the fundus is 
about two and a half inches. • 

Ligaments.-- Th(^ ligaments of the uterus ai*e eight in number : one 
anterior ; one posterior ; two laierMl or broad ; two utero-saeral ; and, lastly, 
two round ligamoiits. 

'Flic anterior Jiyamenf consists of the ut(u*o-v(vsi(uil fold of peritoneum, wliieh 
is reflected on to tJu^ ])lfidder from the front of the uterus, at the junction of tlu^ 
cervix and body. 

1'hc posterior ligament consists of the recto- vaginal fold of peritoneum, 
wliicli is refl(icted from tlie back of the upper fourth of the vagina^oii to the 
front of the rectum. It forms the bottom of a deep ])oucli calked JJovglas^s 
pnurfi, wliich is bounded in front by the posterior wall of the uterus, the 
supravaginal cervix, and tlie upjier fourth of the vagina ; behind, by {he 
rectum ; aud laterally by two cresecntic folds of peritoneum w hich pass back- 
wards from the cervix uteri on <uther side of the iveturn to tlu^ posterior wall 
of the pelvis. These folds are named the sacro-genital, or recto-uierine folds. 
'J’hcy contaifi a consuterablc amount of flbrous tissue and non-st riped muscular 
fibres whicli arc attached to the front of the sacrum and constitute th(^ utero- 
saeral ligaments. 

TJie two lateral or broad ligaments pass from tlie sides of the ut(*ru8 to the 
lat(»ral walls of the ])clvis. TogtitJier with tlic utiM’us llu»y form a septum 
a(;ross the female ])elvis, which dividers that cavity into two portions. In the 
anterior part is contained the bladder ; in the posterioi* jiart, iho roctuni, and 
in certain conditions some coils of the small intestine and a ])art of the ])(ilvic 
colon. Hetween the tw o layers of eaeli broad ligame*,nt are contained : (1) t he 
Fallo()ian tube sujieriorly ; (2) the round ligament ; (3) the ovary and its 
ligament ; (4) tlie parovarium, or organ of Jlosenmiiller ; (5) (‘onru^etive 
tissue ; (fl) unstriped muscular fibre ; and (7) blood-vessels and nerv(\s. TJh' 
portion of the broad ligament which stretelics from the Fallopian lube to the 
level of the ovary is know'n by the name of the mesosalpinx. Between the 
fimbriated extremity of the tube and the lowtir attachment of the broad 
ligament is a concave rounded margin, ealkd the infundibulo-pelvic ligoment. 

The round ligamerits arc two flattened bands betweim four and flv(^ inches 
in length, siluati^d bcitwiJtui the layers of the broad ligament in front of and 
below the Fallojiian tubes. Cominoneing on tather side at the sujierior angle 
of the uterus, this ligament is directed forwards, upwards, and outwards over 
the pelvic brim. It then })asses through the intm-nal abdominal ring and 
along the inguinal canal to the labium majus, in which it becomes lost. The 
round ligament consists principally of muscular tissue, jirolonged from the 
uterus ; also of some flbrous and areolar tissue, bi^sides blood-vessels and nerves, 
enclosed in a duplicatiire of peritoneum, which, in the fintus, is prolonged in 
the form of a tubular j)rocess for a short distance into the inguinal canal. 
This process is called the canal of Nuck. It is generayy obliterated in the 
adult, but sometimes remains pervious even in iidvanced life. It is analogous 
to the processus vaginalis which precedes the descent; of the testis. 

In addition to the ligarnents just described, there is a band named the ligamentmn 
transversalis coUi (Mackenrodt]^ on either side of the cervix uteri. It is attached to the 
lateral aspect of the cervix uteri and to the vault and lateral fornix of the vagina, and is 
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conliimoufi 'externally 'with the hbrouB tissue which suirounds the pelvic btood-vessels. 
(Consult a note on the lateral fixation of the uterus* by Ella 0. A. Ovenden, * Journal of 
Anatom 3 ^*and Physiology,’ vol. xli., part iv., p. 308.) 

I’he form, size, and situation of the uterus vary at different periods of life and under 
different circumstances. . 

In the Jmtm the uterus is contained in the abdominal cavity, projecting beyond the 
brim of the pelvis (fig. 1017). The cervix is considerably larger than the body. 

At pvberty the uterus is pyriform in hhape, and weighs from eight to ten drachms. It 
has descended into the pelvis, the fundus being just below the level of the brim of this 
cavity. The arbor vita^ is distinct, and extends to the upper part of the cavity of the organ. 

. The position of the uterus in tlie adult is liable to considerable variation, depending 
chiefly on the condition of the bladder and rectum. When the bliulder is empty the 
entire uterus is directed forwards, and is at the same time bent on itself at the junction of 
the body and cervix, so that the body lieajupoh the bladder. As the latter fills, the uterus 
gradually becomes luose and more erect, until with a fully distended bladder the fundus 
may be directed backwards towards the sacrum. 


Fia. 1016:~The arteries of the internal ^rcans of ireneraiion of the female. 



During menstruatitm the organ is efilarged, and more vascular, its surfaces rounder ; 
the os pxternunuis rounded, its labia swollen, and the lining membrane of the body 
thickened, softer, and of a darker colour. Accoiding to "Sir J. W’illiamB,( at each recurrence 
of menstruation, a molecular disintegration of the mucous membrane takes place, which 
16ads to its complete removal, only the bases of the glands imbedded in the muscle being 
left. At the cessation of menstruation, by a proliferation of the remaining structures, 
a fresh mucous membrane is formed. 

During •pregnancy the uterus becomes enormously enlarged, and in the eighth month 
reach^ the epigastric region. The increase in size is partly due to growth of pre-existing 
muscle, and partly to development of new fibres. 

A fter parturition the uterus nearly regains its usual size, weighing about an ounce and 
a half ; but its cavity is larger than in the virgin state, its vessels are tortuous, and its 
muscular layers arc more defined ; the external orifice is more marked, and its edges 
present one or more fi8siu*es.i 

In old age the uterus becomes atrophied, and paler and denser in texture ; a more 
distinct constriction separat'es the body and cervix. The ostjum internum is frequently, 
and the ostium externum occasionally, obliterated, while the labia almost entirely disappear. 

Stxuotnre. — ^The uterus is composed of three coats : an external or serous coat, a middle 
or muscular coat, and an internal or mucous coat. 



ITio aerom coat is derived from the peritoneum ; it invests tho fundus and the whole 
of the posterior surface of the uterus ; but covers the anterior surface onJj as far os the 
junction of the body and cervix. In the lower fourth of the posterior surface the 
peritoneum, though covering the .uterus, is not closely connected with it^^ being separated 
from it by a layer of loose cellular tissue and eomo large veins. 

The muscular coat forms the chief bulk of the substance of the uterus. ]n tlie virgin 
it, is dense, firm, of a greyish colour, and cuts afcnost like cartilage. It is thick opposite 
the middle of the body and fundus, and thin at the orificea of tlie Fallopian tubes. 
It consists of bundles of unstriped muscular fibres, disposed in layers, intermixed with 
areolar tissue, blood-vessels, lymphatic vessels, and nerves. During pregnancy the 
muscular tissue becomes more prominently developed, and is disposed in three layers ; 
external, middle, and internal. 

The external layer, placed beneath the peritoneum, is disposed as a thin plane on the 
antcrioi' and posterior surfaces. It consists of, fibres which pass transversely across the 
fundus, and, converging at each superior angle of the uterus, continued on to the 
Fallopian tube, the round ligament, and the ligament of the ovary": some pafwing at each 
side into the broad ligament, and others running backwards from the cervix into the 
saci'o- uterine ligaments. The middle layer of fibres, which is thickest, presents no regu- 
larity in its arrangement, being disposed* longitudinally, obliquely, .and transversely. It 
contains most blood-vessels. The int*irnal or deep layer consists of circular fibres arranged 
in the form of two hollow cones, the apices of which surround^jlbc orifices of the Fallopian 

' ** ' ' n" 

Fio. 1017. — Sagittal section through the pelvis of a newlj^bom female 
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tubes, their bases intermingling with one another on the middle of the body of the uterus. 
At the intoinal os these circular fibres form a distinct sphincter. . 

The mucous membrane is thin, smooth, and closely adherent to the subjacent tissue. 
It is continuous, through the fimbriated extremity of the Fallopian tubes, with the 
peritoneum ; and, through the os uteri, with th^lining of the vagina. 

In the body of the uterus the mucous membrane is smooth, soft, of a pale red colour, 
lined by columnar ciliated epithelium, and presents, when viewed with a lens, the orifices 
of numerous tubular follicles, arranged perpendicularly to the surface. It is unprovidetl 
with any submucosa, but is intimately connected with the innermost layer of the mifti- 
cular coat, wdiich by some anatomists is regarded as the muscularis mucosae. The structure 
of the corium differs from that of ordinary mucous membranes, and consists of an embryonic 
nucleated and highly cellular form of connective tissue in w’hich run numerous largo 
lymphatics. In it ai*e the tube-like uterine glands^ which are of small size in the unifhpreg 
natra uterus, but shortly after impregnation become enlarged and elongated, presenting 
a contorted or waved appearance (eoo page 97). Tliey consist of a delicate membrane, 
lined by an epithelium, which becomes ciliated towards the orifices. 

In the cervix the mucous membrane is sharply differentiated from that of the uterine 
cavity. It is thrown into numerous oblique ridges, which <iivefge from an anterior and 
posterior longitudinal raphe, presenting an appearance which has received the name of 
arbor vitas. In the upper two- thirds of the canal, the mucoul membrane is provided with 
numerous deep glandidar follicles, which secrete a clear viscid alkaline mucus ; and, in 
addition, extending through the whole length of the canal is a variable number of little 
cysts, presumably follicles which have become occluded and distended with retained 
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Becretion, They are called the ovula Naltothu ITie mucous membrane covering the lower 
half of the cervical canal presents numerous papillee. Tlie epithelium of the upper two- 
thirds is cylindrical and ciliated, but below this it loses its cilia, and gradually changes to 
squaijious epithelium close to the external os. On the vaginal surface of the cervix the 
epithelium is similar to that lining the vagina, viz. stratified squamous. 

Vessels and Nerves. — The arkries of the utenis arc the uteci ne. from the int ernal iliac ; 
and the ovarian, from the abdominal aorta, 1016). J^ey are rSriftrteble for 
their tortuous course in the substance of the organ, and for tlieir frequent anastomoses. 
The termination of the ovarian artcj*y meets the termination of the uterine artery, and 
forms an anastomotic trunk from whicii branches arc given off to supply the uterus, their 
disi)OHition being, as shown by Sir John Williams, circular. Tlie tJeina are of large size, 
and correspond with the arteries. They terminate in uforinQ jn the 

inijnegnated uterus the arteries cany the hlood to, and the veins convey it away from, 
the maternal blood-sinuses of the placenta (see page 100). The lymphatirn are described 
on ])age 780. The nerves are derived from the hypogastric and ovarian plexuses, and 
from the third and fourth sacral nerves. 

Applied Amtfmny. — certain amount of ant eversion and retroversion can take place 
without the condition being j’egarded as pathological, but when the degree of flexion 
becomes considerable it must bo regarded as % morbid condition. This is especially 
true of retroversion and retroflexion. Tlie former is a falling back of the whole uterus, so 
that the cervix points upwards tow'ards the pubes, and the latter is a bending backwards 
of the body, the cervix remaining in its normal position. The two conditions are usually 
combined. Prolapse of the uterus is another common intirmily. Tlic organ sinks to an 
abnormally low level in the jielvis, and sometimes protrudes beyond the vulva. This is 
due to the supporting mcolianism of the uterus being insufficient to sustain the strain 
thrown upon it. 

The uterus may require removal in cases of malignant disease or for fibroid tumours. 
Carcinoma j[s the most common form of malignant disease of the uterus, tbougli eases 
of sarcoma do «<ieiir. It may show itself either as a columnar carcinoma or as a squamous 
carcinoma ; the former (‘ommencing either in the cervix or body of the uterus, the latter 
alw^ays commencing in the epitjrelial cells of. the mucous covering of the vaginal surface 
of the cervix. ( dancer ^6f the body or of the cervix may be treated in (he early stage, before 
fixation has taken ])lace, by removal of the uterus, either through the vagina or by means 
of abdominal section, but if the body be much enlarged the former of)f^ration is impossible. 
Vaginal liy.stercctorny is performed by ])laeing the ])atient in the lithotomy position and 
introdiKjing a largo duckbill speculum. The cervix is then seized with a v^olselluin and 
})u11ed down as far as possible, and the mucous membrane of the vagina incised around 
the cervix and as near to it as the disease will allow, C8])ecially in front, where the ureters 
ai'o in dan :er of being wounded. Douglas's pouesh is then opened sufficiently to allow of-,.^ 
the introduction of the two forefingers, by means of w^hich the opening is dilated laterally 
as far as the saero-utcrine ligaments. A somew^hat similar })rocecding is adopted in front, 
but here the bladder has to bo sf'fiarated from the anterior wall of the uterus for about an 
inch before the vesieo- ut erine fold of peritoneum can be reached. This is done l)y carefully 
burrowuiig upwards wAh a director and Htri])ping the tissues off the anterior uterine wall. 
When the vesieo- uttu ine f)oucli has been opent^ and the af)er(iire dilated laterally, tlie 
uterus remains attached only by the broad ligaments, in w^hieb are contained the vessels 
that su])ply the uterus. Before division of the ligaments, these vessels have to be dealt 
with. The forefinger of llu‘ left hand is introduced into Douglas's pouch, and an aneurysm 
needle, armed willi a long silk ligature, is inserted into the vosico-uterine pouch, and is 
))iished through the broad ligament about an inch above its lower level and at sOme distance 
from the uterus. One end of the ligature is now pullefl through tlie anterior opening, and 
in this way we have the lowest inch of the broad ligament, in which is contained the 
uterine artery (tig. 1010), enclosed in a Ifgatiire. This is tied tightly, and the operation is 
repeated on the other side, llie broad ligament is then dividexl on either side, between 
the ligature and the uterus, to tlie extent to which it has been eonstri&'tcd. By traction 
on the volsellum which grasps the (lervix, the uterus can be pulled considerably further 
dbwn in the vagina, and a second inch of the broad ligament is treated in a similar W’ay. \ 
This second ligature will embrace the pampiniform plexus of veins, and, when the broad 
ligament has l)een divided on either side, it will be found that a third ligature can be 
made to j)ass ovei* the Fallojiian tube and toy> of the broad ligament, after the uterus has 
been <iragged down as far as possible. After the third ligature has been tied and the 
structures between it and the uterus divided, this organ will be freed from all its con- 
nections and eau be removtHl from the vagina. Tlie third ligature will contain the ovarian 
artery, between the ovary and the uterine cornu, as it lies below the J^^allopian tube. The 
vagina is then sponged opt and lightly dressed w'ith gauze ; no sutures being used. 

In the treatment of uterine fibroids w'hich requii*e operative interference, removal of 
the whole of the uterus together with the tumours through an abdominal incision gives the 
most satisfactory results ; for, if the tumour is large, its size acts as a barrier to its safe 
delivery through the pelvis and genital passages. After the abdomen has been opened 
the uterine vessels are secured and the broad ligaments divided in a manner similar to that 
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employed in vaginal hysterectomy, except that tlie proceeding is commenced from above. 
When the first two ligatures have been tied, and the broad ligament divided, it will be found 
that the uterus can be raised out of the pelvis. A transverse incision is now made through 
the peritoneum, where it is reflected from the anterior surfaeo of the uterus on to the back 
of the bladder, and the serous membrane peeled from the surface of tlie uterus until the 
vagina is reached. The anterior wall of this canal is then cut across, 'riu* uterus is now 
turned forwards and the peritoneum at the l)ottom of Douglas’s pouch incised fransversel>\ 
and the posterior wall of the vagina cut aci-oss. until it meets the incision on the anterii)!’ 
wall. The uterus is now almost free, and is held only by the lower })art of the broad 
ligament on cither side, containing the uterine artery. A third ligature is made to encircle 
this as close to the uterus as possible, the position of the ureter being alw'ays kept in mind, 
and, after having been tied, the structures are divided between the ligature and the uterus. 
Tlie organ can now be removed. The vagina is plugged w'itfi gauze, and the (*xternal 
wound closed in the usual way. The vagina acts as a drain, and therefore the opening into 
it is not sutured. 

Inflammation of the cellular tissue surrounding the cervix occasionally takes ])lace. 
Laceration of the (servix by instruments or by the fa'tal head fiequently occurs, oj)ening 
up the cellular planes and so exposing them to any infection that may be ])resent. An 
inflammatory mass forms in the cellular lissue between the layers of the broad ligament 
or of the utcro-saeral ligaments, and the condition is termed pelvic cellulitis, or pira- 
nietriiis. This condition is usually confiimd to one side of the pelvis, foi'ming a lai’ge 
inflammatory mass which jaishes the uterus over to the opj)ositc side. Jt does not always 
remain loc^alised, how’c ver, but. may spread widely, siirronnding the rectum oj' the nec-k of 
the bladdej-, or mounting into the iliac fossa, or even to the perino])lu*ic cellular tissue. The 
condition may resolve or an abscess may form, lii the former condition the cicatrisation 
of the inflammatory products often produces displacements of the uterus towards the 
affected side ol tlie pelvis, or sli’ictiire of the rectum when that viscus has been surrounded 
by the ]iro(iess. When suppuration ensues, the pus may burst into the ])ladd(*r, vagina, or 
r<?e.tum, or it may ]uesent above Poupart's ligament, or it may mount J^o^he anterior 
abdominal wall in front of the bladder or'to the posterior abdominal wall between 1hf‘ iliac 
crest and Isist rib. The abscjess may, moreover, make iU way into the buttock by passing 
out of tlie ])clvis through the great sacro-seiatic foramen, of it may^mss down between the 
librea of the Levator ani and ajijiear as a secondary ischio-rectal abscess. 

Tiik Vacjjna (fig. 1014) 

Tlu\ vagina oxtciids from the vosiibiilo to IIk^ iitcnis, and is situated 
behind the bladdiu* atid in frQiit of tlie ret^iuni ; it is din^etod upwards and 
/•backwards, its axis forming \vith ilbat of the utmis an angle of ovm* 90 
o|)ening forwards. Its walls are ordinarily in contact, and tlu' Uoiial sbajx^ 
of its loAver ])art on transverse section is that of an H, the transverse limb 
being sliglilly curvtHl forwards or bat^kwards, w bile tlu^ lateral limbs art^ sorm*- 
w'liat convex towards tlie median line ; its middb^ jiart lia« tlie a])])earaijci! of 
a transv(U’s<^ slit. Its length is two and a half to tlin‘c inches along its ant<*rioi* 
wall, and three and a lialf indies along its postcu ioi- wall. It is constj-icli'd at 
its commencement, dilated in tlie middle, and narrowed near its uterine 
extremity ; it surrounds the vaginal portion of tlu^ cervix uteri, a short distancci 
from the os, its attachment exWnding -liigher up on the jiosterior tlian on tlu^ 
anteiior wall of the uterus’. To the recess beliind the cervix liuni posterior 
fornix is apjilied, while the smaller recess in front is termed anterior fornix. 

The anterior surface of the vagina is in rdatiou w ith the base of bladder, 
and with the urethra. Its posterior surface is (*onnected for 1 1 middle two fou rl lis 
of its extent to 4b(^ ant(»rior Avail of the rectum, the upper fourth being sejiarated 
from that tuixi by the reido-vaginal poueli of ))eritoneum, or poueli of J)ouglqj,s. 
The loAAor fourth is separated from the anal canal by the perinamm. Its sides 
are enclosed between th(^ Levatores ani muschis. As the terminal jiortions of 
the ureters pass forw ards and inw'ards to reacli the base of tlie bladder, they 
run one on either side of the lateral aspect of the upper part of the vagina. 

Structure. — The vagina consists of an internal mucous lining, and a muscular coat, 
separated by a layer of erectile tissue. 

Tlie mucAms rnemhrane is continuous above with that lining the uterus. Its inner 
surface presents two longitudinal ridges, one on its anterior and ^ne on its posterior w'all. 
These, ridges are called the columns of the mgiwt, and from them numerous transverse 
ridges or rugae extend outw'ards on either side. These rugic are divided by furrows of 
variable depth, giving to the mucous membrane the appearance of being studded over 
with conical projections or papillai ; they are most numerous near the orifice of the vagina, 
especially in females before pal:turition. The epithelium covering the mucous membrane 
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is of the stratified squamous variety. The submucous tissue is very loose, and contains 
numerous large veins, which by their anastomoses form a plexus, together with smooth 
muscular fibres derived from the muscular coat; it is regarded by Gussenbauer as an 
erectile tissue. It contains a number of mucous crypts, but no true glands. 

The muscular coat consists of two layers : an external longitudinal, which is by far the 
stronger, and an internal circular layer. Hie longitudinal fibres are continuous with the 
superficial muscular fibres of the uterus. The strongest fasciculi are those attached to the 
recto- vesical fascia on each side. The two layers are not distinctly separable from each 
other, l)ut are connected by oblique decussating fasciculi, which pass from the one layer 
to the other. In addition to this, the vagina at its lower end is surrounded by a band of 
striiied muscular fibres, tHe Sphincter vaginre (see page 526). 

External to the muscular coat is a layer of connective tissue, containing a large jilexus 
of blood-vessels. 

The crpctile tissue consists of a layer of loose connective tissue, situated between the 
mucous membrane and the muscular coat ; imbedded in it is a plexus of lai*ge veins, and 
numerous bundles of unstriped muscular fibres, derived from the circular muscular layer, 
llie arrangement of the veins is similar to that found in other erectile tissues. 

External Organs (fig. 1018) 

TJic external genital organs of the female are : the nions Veneris, 
the labia majora et minora, the clitoris, the bulbus vestibuli, and tlie glands 
9]B|||l|^^lin. The term vulva or pudendum (pudendum muliebre), as generally 
appu^P^ticludes all these parts. 

Fio. 1018. — External genital organs of female. The labia minora have been 
< drawn apart. 



The mons Veneris is the rounded eminence in front of the pubic symphysis, 
formed by a collection of fatty tissue beneath the integument. It becomes 
covered with hair at the lime of puberty. 

The labia majora (labia majora pudendi) are two prominent lonmtudinal 
cutaneous folds which extend downwards and backwards from the mons 
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Veneris and form the lateral boundaries of a fissure or cleft, the urogeniUil 
deft (rima pudendi) into which the vagina and urethra open. Each labium 
has two surfaces, an outer, pigmented and covered with strong, (^risp hairs ; 
and an inner, smooth and beset with large sebaceous follicles. Between the 
two there is a considerable quantity of areolar tissue, fat, and a tissues resembling 
the dartos of the scrotum, besides vessels, nerves, and glands. The labia 
are thicker in front, .where they form by their met^ting the artier tor commissure 
(comniissura labiorum anterior). Posteriorly they are not really joined, but 
appear to become lost in the neighbouring integument, terminating close to, 
and nearly parallel with, each other. Together with' the connecting skin 
between them, they form the postejrior commissure (commissura labiorum 
posterior), or posterior boundary of the*vulval orifiee. The interval between 
the posterior commissure and the anus, from an inch to an incJi and a quarter 
in length, constitutes the perinaeum. The labia majora correspond to tlie 
scrotum in the male. 

The labia minora, or nymphae (labia minora pudendi), are two small 
cutaneous folds, situated within th^ labia majora, and extending from the 
clitoris obliquely downwai'ds. outwards, and backwards for about an inch 
and a luilf on each side of the orifice of the vagina, between which and tlm 
labia majora they are lost ; in the virgin the posterior ends of the labia minora 
are usually joined across the middle lin^ by a fold of skin, named the 
(frenulum labiorum pudendi). Anteriorly, each labium minus 
two portions : the upper division passes above the clitoris to me^t^ lirrSSow 
of file opposite side, forming a fold which overhangs the glans clitoridis and is 
named the preeputium clitoridis ; the lower division passes beneath the clitoris 
and becomes united to its under surface, forming, with its fellow of jLh8 opposite 
side, the frenulum clitoridis. On the internal surfaces of the labia minora are 
numerous sebaceous follicdes. * 

The clitoris is an erectile structure, homologous w^itli the penis. It is 
situated beneath tlie anterior commissure, partially hidden between the 
anterior exti'cmities of the labia minora. It consists of tw^o corpora cavernosa, 
(composed of erectile tissue enclosed in a dense layer of fibrous membrane, 
united together along their inner surfaces by an incomplete fibrous pe(?tiniforrn 
seutum ; these are connected to the rami of pubis and ischium on either 
siae' by a (jvus ; the free extremity, or glans clitoridis^ is a small rounded 
tuben^le, consisting of spongy erectile tissue, and highly sensitive. The 
(clitoris is provided, like the penis, with a suspensory ligament, and with two 
small muscles, the Erectores clitoridis, wliich are inserted into the crura of 
the clitoris. ^ 

The vestibule. — The cleft between the labia minora and behind the 
glans clitoridis is named the vestibule (vestibulum vagime) : in it are seen the 
urethral and vaginal orifices and the openings of the ducts of Bartholin’s glfinds. 

The urethral orifice (orificium urethrae cixternum) is placed about an 
inch behind the glans clitoridis and immediately in front of that of the vagina ; 
it usuaUy assumes the form of a short, sagittal cleft with slightly raised margins. 

The vaginal orifice (orificium vaginae) is a mesial slit below and b(?hind 
the opening of the urethra ; its size varies inversely with the degree of de\'elop- 
ment of the hymen. 

The hymen is a thin fold of mucous membrane situated at the orifice of 
the vagina ; the*inrier surfaces of the fold are normally in contact with each 
other, and the vaginal orifice appears as a cleft between them. The hymeif 
varies much in shape. When stretched, its commonest form is that of a ring, 
generally broadest posteriorly ; sometimes it is represented by a semilunar 
fold, with its concave margin turned towards^" the pubes. Occasionally it is 
cribriform, or its free margin forms a membranous fringe. It may be entirely 
absent, or may form a complete septum across the low^er end of the vagina ; 
the latter condition knowm as an imperforate hymen. It may persist after 
copulation, so that it cannot be considered as a test of virginity. When the 
hymen has been ruptured, small rounded elevations k^o^n as the carunculce 
hymeneales are found as |ts remains. Between the hymen and the fourchette 
is a shallow depression, named the fossa navicularis. * 

The bulbus vestibuli is the homologue of the bulb and adjoining part 
of the corpus spongiosum of the male, and consists of two elongated masses 



of erectile tissue, placed one on either eide of the vaginal-orifio^ e(Ki united to 
each other in front by a narrow median band termed the para ifUmnedia, 
Each lateral mass measures a little over an inch in length. Their posterior 
ends are expanded and are in contact with the glands of Bartholin ; their 
anterior ends are tapered and joined to one another by the pars intermedia : 
their deep surfaces are in contact with ‘the triangular ligament ; superficially 
they are covered by the Bulbo-eavernosus muscle. 

The glands of Bartholin (glandular vestibulares majoros) are the homo- 
loguos of Cow'per’s glands in the male. Tlioy consist of two small, roundisli 
bodies of a reddish-yellow colour, situated one on either side of the vaginal 
orifice in contacit with the posterior end of each lateral mass of the bulbus 
vestibuli. Each gland ()f)cns by means of a duct, a])oiJt three-quarters of an 
inch in length, ininiediately external to the hymen, in the groove betwt^en it 
and the labium minus. 

Mamimakv (Jlands 

The mammae, or breasts, seci-eto tin) milk, and are .accessory glands of 
the generative system. They exist in the male as well as in the female ; but 
ill the former only in the rudimentary state, unless their growth is exenUid by 
peculiar eircumatancejf^* In the female^, thoy are tMo larger homisplicrical 
■j? mumn( ;es lying A\itbin tl^e sufx'rfieial fascia and situated towards the lat(jral 
*a?f;W[||(^^th(^ ])ectoral region ; they coricspoiid to the intervals })etween the 
s(^(^ond and sixth ri})s, and extend from the side of the sternum to nc^ar tln^ 
mid-axillary ]ine. Theii* weigiit and dimensions ditfer at diffcnc^nt periods of 
life, and in difTerent individuals. IMore ])uberly they are of small siz(\ 
but onlargcv as tln^ generative organs bc(?omo more com})letely developed. 



Fio. .-^-Dissection of the lowei* half of the female breast during the 
poj'iod of lactation. (buH<!hka.) 



Tlu^y irunt^ase during pregnancy, and ospwially after delivery, and become 
atrophied in old ag(‘. The left mamma is generally a little larger than the 
right. 'FIk' base of each is nearly circular, flattened, or, slightly concave, and 
has its lorig diameter directed upwards and outwards towards the axilla ; it 
is 8e])arated from the fascia covering the Pectoralis major and Serratus 
magnus muscles by Joosit connective tissue. The outer surface of the mamma 
is convex, and presents^ just below the eentre, a small conical prominence, the 
nipple. 

The nipple (papilla mammoe) is a cylindrical or coiiical eminence, capable 
of undergoing a sort of erection from mechanical excitement, a change mainly 





daeto theo<^tiwti£^nofitiiin?i^^ Ifc is ixl^i phde W , 

its surface ^vmnkled and provided with pfl^illae ; and it is perforated by from 
fifteen to twenty orifices, the apertures of the ktctiforous ducts. The surface 
of the nipple is dark-coloured, and surrounded by an areola having a coloured 
tint. In the virgin the areola is of a delicate rosy hue ; about the second 
month after impregnation it enlarges and acquires a darker tinge, which 
increases as pregnancy advances, becoming in some cases of a dark brown, 
or even black colour. This colour diminishes as soon as lactation is over, but 
is never entirely lost throughout life. These changes in the colour of the 
areola are of importance in forming a conclusion in a case of suspected first 
pregnancy. Near the base of the nipple, and upon the surface of the areola, 
are numerous large sebaceous glands {glands of Montgomery)^ which become 
much enlarged during lactation, and present the appearance of small tubercles 
beneath the skin. These glands secrete a peculiar fatty substance, which 
serves as a protection to the integument of the nipple during the act of sucking. 
The nipple consists of numerous vessels, intermixed with plain muscular fibres, 
which are principally arranged in a^circular manner around the base : some 
few fibres radiating from base to apex. The nii)ple and areola are closely 
attached to the skin. 

structure (figs. 1019, 1020).— The mamma consists of glaua-tissue ; of fibrous tissue, 
eonnecling its lobes ; and oi fatty tissue in the intervals bCt^^oon the lobes. T^mJacul^ 
tissue, when freed from fibrous tissue and fat, is of a i)ale reddish (jolour, firm J!lf^^RtCii'e, 
fiat toned from before backwards and thicker in the centre than at the circumference. The 
anterior surface of the mamma presents numerous irregular processes whi^ project toward^, 
the skin and arc join^ to it by bands of connective tissue. It consists ot numerous 
lobes, and these are composed ol lobules, connected together by areolar. tissue, blood- 
vessels, and ducts. The smallest lobules consist ot a cluster of rounded alveoli, which 
ojien into the smallest branches of the lactiferpus ducts ; thrac ducts unite to form larger 
ducts, and these terminate in a single canal, corresponding with one ot the rtfiet subdivisions 
of the gland. Ihe number of excretory duet.s varies iroin fitteen to t^^enty ; they are 
termed the tuhuli lactiferi, Tliey couveige towards the areola, beneath which they lorm 
dilatations, or ampulla*^ which serve as reservoirs for the milk, and, at the base of the 
nipple, become contracted, and pursue a straight course to its summit, perforating it by 
separate orifices considerably narrower than the ducts themselves. The ducts are com- 
posed of areolar tissue containing longitudinal and transverse elastic fibres ; muscular 
fibres are entiiely absent ; they are lined by columnar epithelium resting on a basemen! - 
membrane, Tlio epithelium ot the mamipa^y gland' diflcrs according to the state of 
activity of the organ. In the gland of a woman who is not jiregnant or sue kling, the 
alveoli are very small and solid, being filled with a mass of granular polyhedral cells. 
During pregnancy the alveoli enlarge, and the cells undergo rapid multi plication. At the 

commeiicerneiit of lactation, the 


Fig. 1020.- -Transverse section of portion of 
mammary gland. 


cells in the centre ot the alveolus 
undergo fatty degeneration, and 
are eliminated in the first milk, as 
colostrum corpuscles. Hie pen- 
pheral cells of the alveolus remain, 
and form a single layer of granular, 
short columnar cells, with sphe- 
rical nuclei, lining the basement- 
membrane.* The cells, duimg the 
state of activity of the gland, arc 
capable of forming, in their interior, 
oil-globules, which are then ejected 
into the lumen of the alveolus, anti 
constitute the milk-globules. 

The fibrous tissue invests the 
entire surface of the breast, and 
sends down septa between its 
lobes, connecting them together. 

The fatty tissue covers the sur- 
face of the gland, and occupies 
the interval between its lobea. It usually exists in considerable abundance, and 
determines the form and size of the gland. There is no iixftnediately beneath the 
areola and nipple. 
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* According to Lacroix\nd Benda, there is a thin layer of non-striped muscle between the 
non 


basement-memDrane and the secreting cells. 
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VmiOi ind V^w^Jhe: arki^ w^yip$ mammie BXt dmxtedi^ tliotvtoio 
branohes pf the axillary, the intereodtak^^pid the i&tomal mammary. The wi*na deeoi^be 
an anastomotic oirble round the base of the nipple^ called by Halier the drcvlm venoms. 
From this, large branches transmit the blood to the circumference of the gland, and end 
in the axillary and internal mammary veins. The lymphatics are described on page 790. 
The nerves are derived from the anterior and lateral cutaneous nerves of the thorax. 

Applied Anatomy . — ^lie ducts descending from the nipple radiate through the gland, 
and when an incision is made into the breast the scalpel should be directed radially, from 
the centre to the periphery, so that it may not pass across the ducts. A milk duct may 
become obstructed and distended, forming a tumour known as n galactocele. Abscess 
frequently occurs about the breast, and most often in women who are lactating, especially 
those who have cracks or fissures about the nipple. The abscess may lie between the 
septa, in the breast-tissue itself ; or it may lie beneath the skin by the side of the nipple 
and superficial to the breast ; or it may form beneath it, between the breast and the dee[) 
fascia. Free incision, radiating from the nipple, is required in such cases. 

Cystic formation of many different kinds is commonly seen in the mamma ; in some 
cases it is due to dilatation of the larger ducts or of the lymph spaces throughout the gland ; . 
in others the cysts occur in new growths of fhe mamma, or as the result of obstruction of 
the smaller ducts by chronic inflammatory processes. 

Malignant growths are seen more often in the breast than in any other organ; fliey are 
of great variety, but the commonest is the spherqidal-celled cancser. the cells of Adiicli are 
intermingled with a varying amount of fibrous twsuc. A hard contracting tumour-mass 
results, which drags on the fibrous septa betweSATlie lobes so that fixation or retraction of 
the nipple ensues, and sooner or later the malignant infiltration invades the surrounding 
breast-tissues, the akin, the deep fascia and Pectorals, and even the chest w all and pleura. 
The lymphatic glands beneath the Pectorals and those situated towards the apex of the axilla 
become early involved with secondary malignant deposit, and later the supraeiavic.ular 
glands enljarge. Tn other cases the mediastinal glands may be involved, when the disease is 
situated on the inner side of the nipple. 

The operation for removal of a breast affected with malignant disease should he an 
eX^tonsive procedure, with the object of extirpating nil fascial planes and lymphatic struc- 
tures that may he infected. The incision commences below, over the upper part of the 
sheath of the Rectus, encloses the mamma l)y an ellipse, and is then continued on towards 
the apex of the axilla. The skin is reflected on both sides of the incision ; anteriorly, till 
the sternum is reached, and posteriorly to the posterior boundary of the axilla. The 
origin of the sternal iiortiou of t he T’ectoralis major is then divided and turned backwards. 
The Pectoralis minor is next seen, and its origin is then divided in a similar manner. The 
w hole of the muscular and fascial planes of the front of the chest are tlius separated en masse, 
carrying with them the mamma and the skin covering it. The insertions of the two 
Pectorals have next to he divided, and finally the axillary lymphatic glands and fat are 
removed from the axillary vessels in one piece with the mass of tissue already detached, 
i'his is done by first freely exposing the whole length of the axillary vein and then, with a 
blunt instrument, peeling the structures off the vein from above downwards, from the i)oint 
where they are crossed by the Suhclavius muscle to the lower border of the axilla. In 
this part of the operation many brunches of both vein and artery require ligature. The 
only thing w’^hich then remains to he dividotl is the deep fascia along the jwstcrior axillary 
w^all. The wound is then closed, drainage is provided, and firm pressure is applied with 
the dressings. It will he noted that the clavicular portion of the Pectoralis major is left 
intact, as it is of considerable service for the subsequent movements of the arm, the utility 
of which is hut slightly imj)aired. • 


THE DUCTLESS GLANDS , 

There are certain organs which are very similar to secreting glands, but 
differ from them in one essential particular, viz. they do not possess any 
ducts by which their secretion is discharged. These organs are knowm as 
ductless glands. They are capable of internal secretion — tliat is to say, of 
forming, from materials brought to them in the blood, substances which have 
a certain influence upon the nutritive and other changes going on in the 
body. This secretion is carried into the blood -stream, either directly by 
the veins or indireq,tly through the medium of the lymphatics. 

These glands includvj the thyroid and the parathyroids, the thymus, the 
spleen, the suprarenal, glands, and the small carotid and coccygeal bodies, 
which wdll be described in this section. They also include the lymphatic 
glands, which have already been described in the section on Angiology ; and 
the pineal gland and pituitary body described in the section on Neurology. 
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Thb Thyboid Boby 1021) 

The th3rroid body is a highly vascular organ, situated at the front and 
sides of the neck ; it consists of t\^o lateral lobes connected across the middle 
line by a narrow transverse portion, the isthmus. 

The weight of the thyroid body is somewhat variable, but is usually about 
one ounce. It is slightly heavier in the female, in whom it becomes enlarged 
during menstruation and pregnancy. 

The lobes are conical in shape, the apex of each being directed upwards 
and out\\ardH as far as the junction of the middle ivith the lower lliird of the 
tliyroid cartilage ; the base looks downwards, and is on a level with the fifth 
or sixt h tracheal ring. Each lobe is about two indies in length ; it s gre|iteKt 
\ridth is about an inch and a cjuarter, and its thickness about ihrec'-quartc'rs 
of an inch. 

The external or superficial surface is convex, and covered by the skin, tlu' 
suporticial and deep fasciae, the Stemo-madoid, the anterior belly of tlie 


Fto. 1021. — Tlie thyioid gland nm! its relations 



Omo-hyoid, the. Steriio-hyoid and Stemo-tliyroid musedes, and beneath th(‘ 
last muscle by the pre-tracheal layer of the deep fascia, which forms a capsule 
for the gland. The deep or internal surface is moulded over the underlying: 
structures, viz. the thyroid and cricoid cartilages, the trachea, the Inferior 
constrictor and posterior part of the Crico-thyroid muscles, the cesojihagus 
(particularly on the left side of the neck), the superior and inferior thyroid 
arteries, and the recurrent laryngeal nerves. The anterior border is thin, and 
inclines obliquely from above downwards and inw^ards towards the middle 
line of the n<‘ck, while the posterior border is thick and overlaps th(‘ common 
carotid artery. 

The isthmus connects together the lower thirds ef tlTe two lateral lob(‘s ; 
it measures about half an inch in breadth, and the sayie in depth, and usually 
covers the second and .third rings of the trachea. Its situation and size 
present, however, many variations, and this must be remembered in pcrforniing 
tracheotomy. In the middle line of the neck it is covered by the skin and 
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fascia, and close to the middle IjlHiie, on either aido, by the Stemo^hyoid. Across 
its upper border runs a branch of the superior thyroid artery ; at its lower 
border are the inferior thyroid veins. Sometimes the isthmus is altogether 
wanting. 

A third lobe, of conical shape, called the pyramid, frequently arises from 
the upper part of the isthmus, or from the adjacent portion of either lobe, 
but most commonly the loft, and ascends as high as the hyoid bone. It is 
occasionally quite detached, or may bo divided into two or more parts. 

A fibrous or muscular band is sometimes found attached, aoove, to the 
body of the hyoid bone, and below to the isthmus of the gland, or its p3rramidal 
process. When muscular, it is termed the Levator glaimulcB thyreoiaece. 

Small detached portions of thyroid tissue are sometimes found in the 
vicinity of the lateral lobes or above the isthmus ; they are called accessory 
thyroids. 

Structure . — The thyrf iJ body is invested by a thin eapsiile of connective tissue, which 
projects into its substance and unperiet'tly divides it into masses ot irregular form and 
size. When the organ is cut into, it is of a Ifrownish-red colour, and is seen to be made 
up of a number of closed vesicles, containing a yellow glairy fluid, and separated trom 
each other by intermediate connective tissue. 

According to Baber, the vesicles of the thyroid of the adult animal are generally closed 
cavities ; but in some young animals (e.g. young dogs) the vesicles aie more or less tubular 
and branched. This appearance he supposes to be due to the mode ot grow th ot the gland, and 
merely indicating that an increase in the numbei of vesicles is taking place. Kach vesicle 
is composed of a tine basement-membraiie, lined by a single layer of cubical epithelium, 
surrounding a large lumen ; between the ejntUelial cells exists a delicate reticulum. Ihe 
vesicles air of various sizes and shapes, and contain as a normal product a viscid, hoino- 


Fio. 1022. — ^Mmute structure of thyroid. From a transverse section of the 
thyroid ol a dog. (Semi-diagrammaiic.) (Baber.) 
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geneous, semi-fluid, slightly yellowish, colloid material ; red corpuscles are found in it in 
various stages oi disiniegiation and decolorisation, the yellow tinge being probably due 
to the hflBmoglobin, which is thus set free from the coloured corpuscles. The colloid 
material contains an iodine comjiound, ihyrMin, readily stained by eosin. It passes out 
between the ( ubical cells and is absorbed into the blood or lymph. 

The capillary blood-vessels form a dense plexus in the connective tissue around the 
vesicles, between the epithelium of the vesicles and the endothelium of the l3miphatios, 
which s^round a greatei^or smaller part of the circumference of the vesicle. The 
lymphatic vessels run in the intorlobulai' connective tissue, not uncommonly surrounding 
the arteries which they accompany, and communicate with a network in the capsule of 
the gland. 

yessels and Verves. — ^The arteries supplying the thyroid are the superior and inferior 
thyroid, and sometimes an additional branch (thyreoidea media or ima) from the innomi- 


oate artery or the arch of tha aovf^ niiibh aoe$o4ii[ jipon the front of tlio tvaohea. Xho 
arteries are remarkable for thoir lai^^ aiie and fr^uent anastomosos. The veins form a 
plexus on the surface of the gbmd au on the front of the trachea ; from this plexus the 
superior, mi^e, and inferior thyroid veins arise ; the superior and middle terminate in 
the internal jugular, the inferior in the innominate vein. The liftnphatics are numerous, of 
large rize, and end in the thoracic and right lymphatic ducts. The nerves are derived from 
the mid<Ue and inferior cervical ganglia of the sympathetic. 

Applied Anatomy , — ^An enlargement of the thyroid gland is callkl a goitre. The 
swelhng may take the form of a diffuse hypertrophy of the whole gland, giving rise to the 
parenchymatous gotUe, this being mainly due to the h 3 mertrophy of the thyroid follicles 
themselves ; in other coses b, fibroid form of goitre is pr^uced owing to the increase in the 
interstitial connective tissue ; in others, again, the vascular changes may preponderate, 
and many large pulsating vessels may be present. Much more commonly, however, the 
enlargement is due to adenomatous now growth in the substance of the thyroid ; these 
tumours are always innocent, and tend to destroy life only by pressure on the air passages. 
A single tumour is the rule, but in some instances a very largo number may be present. 
They tend to show marked mucoid degeneration, and so become converted into cyst- 
adenomata, and linally into w'liat ai)i)ear to bo simple cysts. These tumours may attain 
an enormous size and may involve pracl caHy the whole gland. Malignant tumour-growth 
also, more rarely, attacks the organ. 

When, in spite of treatment, a goitre eontinues to giOM , and cspeeially when there are 
eommenemg symptoms of traehcal pressure, operative intcrierenco becomes necessary. 
This IS not difficult, if an eneupsuled tumour is to be dealt with, provided the anatomical 
lavers covering it are remembered. In such a case it is necessary to make an incision 
suited to the «ize and situation of the tumour, and having divided the deep cervical fascia, 
to letract the Sterno-mastoid or divide it li necessary. The Stemo-hyoid and Sterno- 
thyroid muscles next require division, or in some cases their fibres may be separated 
and drawn asunder, and beneath is found the onshoathing capsule derived fr^m the pre*- 
trachcal fascia ; this requires division, and exposes the true eaiisule of the 4h3nroid gland. 
In the case of an adenoma or cyst, this true capsule then needs incision before the tumour 
can be effectually shelled out, and tliis is usually accomplished with very little hasmorrlifilige, 
and without anv of the main vessels of the gland requiring ligature. 

Partial extirpation of the thyroid, viz. the removal of one lateral lobe with division of 
the isthmus, may bo required in cases of parenchymatous goitre, and possibly in early cases 
of malignant disease. It is a more radical proceeding, and carries with it a much greater 
risk from hsBmorrhage ; there is also a danger of wounding the recurrent laryngeal nerve. 
The whole gland must never be removed, as such a procedure is followed by the development 
of myxoedema. In homi-thyroideetomy a free incision is indicated — dividing muscles, if 
necessary — to expose the true gland capsule, but at the same time avoiding injury to the 
large vessels which ho beneath it. Tlie superior and inferior pedicles containing the 
respective thyroid ai teries are then isolated and clamped on cither side and divided between 
the clamps. The half gland is then turned over towards the middle line, and the isthmus 
ligatured and divided. Some venous bleeding is apt to occur from connections with the 
tracheal veins, and must be stopped. The prides are then securely ligatured and the 
wound closed. In dealing with the inferior thyroid artery, the position of the recurrent 
laryngeal nerve must be borne in mind, so as not to ligature or divide it. Temporary 
aphonia not uncommonly follows from bruising of the nerve, and if nothing more serious 
has occurred soon ]msscs off. 


The Parathyroid Glands 

The parathyroid g^lands are small brownish-red bodies, situated near the 
thyroid gland, but differing from it in structuro, being composed of masses 
of cells arranged^in a more or loss columnar fashion with numerous intervening 
capillaries. They measure on an average about a quarter of an inch in longtl^, 
and from a sixth to an eighth of an inch in breadth, and usually present tlio 
appearance of flattened oval discs. They are divided, according to their 
situation, into superior and inferior. The superior, usually two in number, 
are the more constant in position, and are situated, one on either side, at the 
level of tho lower border of the cricoid cartilage, behind the junction of tho 
pharynx and oesophagus, and in front of tho prevortebral fascia. The inferior, 
also usually two in number, may be applied to the lower edge of the lateral 
lobe, or placed at some little distance below the thyroi^ body, or found in 
relation to one of the inferior thyroid veins.* • 

In man, they number four as a rule ; fewer than, four w'ere found in less 

• Consult an article ‘ Concerning the Parathyroid Glands,* by D. A. Weldi, Journal of 
Anatomy cmd Physiology^ vol xxx’ii. 
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than 1 per cent, of over a thousand persons (Pepere *), but more than four in 
over 33 per cent, of 122 bodies examined by Civalleri. In addition, numerous 
minute islands of paratliyroid tissue may be found scattered in the connective 
tissue and fat of the neck round the parathyroid glands proper, and quite 
distinct from them. 

Structure. — Microscopically the ])ariithyroi(J8 show groat variety in structure. Masses 
of gland cells, gland cells in networks, columns, or alveoli, and in follicles containing a 
colloid secretion, all occur nonnally. In addition, the amount and disj>osition of the fat, 
blood-vessels, and fibrous tissue all vary widely, not only in different parathyroids, but 
even in different parts of the sarjie parathyroid gland. 

Applied Anniimy.~‘-^o doubt the parathyroid glands produce an internal secretion 
essential to tJie well-being of the liunian economy ; but it is still a inatter of disjmte what 
sym|>toniH of disease are produced by their removal and suppression of their secretion. 
IVpcre believes that- they show signs of exceptional activity during pregnancy, and that 
[>arathyroid insufficiency is a main factor in the production of tetany in infants and adults, 
of eclampsia, and of certain sorts oi fits. 

c 

The Thymus Gland (fig. 1023) 

'I’lio thymus gland is a temporary organ, attaining its full size at the 
end-of the sf^ednd ycaif*, wlien it eeases to grow, and gradually dvxindlos, until 
at puberty it lias almost disappt^ared. If examined when its growth is most 
active, it will hii found to consist of two lateral lobes placed in close contact 
along the middl(^ line, situated partly in the thorax, partly in the nock, and 
extending from the fourth costal cartilage upwards, as high as tlu^ lo\ycr 
border of'th^J thyroid gland. It is covered by the sternum, and by the origins 
of the Sterno-hyoid and Sterno-ihyroid musch^s. Below, it rests upon the 

• 

Puj. 1023 . — ^^rhe thymus gland of a full-time hetus, exposed m hUm. 



pericardium, being separated from the arch of the aorta and great vessels by 
a layer of fascia. In .the neck it lies on the fropit and side^ of the trachea, 
bahmd the Storno-hyoid and Sterno-thyroiS muscles. The two lobes generally 
differ in size ; tlicy are occasionally united , so as to form a single mass ; and 
sometimes separated by an intermediate lobe. The thymus is of a pinkish- 
grey colour, soft, and lobulated on its surfaces. It is about two inches in 
length, one and a half in breadth below, and about three or four lines in 
thickness. At birth it weighs about half an ounce. 

Structure. -Each lateral lobe is composed of jRitg^i^pUS jpbiales held together by delicate 
; the etitirc gland being enclosed in an iuveating capsule of a similar but 
denser structure. The primjfTy lobules vary in size from that of a pin’s head to that of a 
small pea, and are made up of a number of anjall nodules or follicles, which are irregular in 
shape and are more or less *fusod together, especially towards the interior of the gland. 
Ea^b pf a medullary and a cortical port ion, and these differ in many essential 

• Consult Le Ghmndolc paratiroidev, by A. Pepere, Turin, IflOB. 
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particulars fro?n each other, ^ mainly composed of lymphoid cells, 

supported by a delicate reticulum. In addition to this reticulum, of whleli ouly traccs are 
found in the medullary portion, there is also a network of finely branched cells, which 
is continuous with a similar network in the medullary portion. This network forms an 
adventitia to the blood-vessels. In the mednUarp pi>riion there are but few' lymphoid cells, 
but there are, eH])ecially towards the centre, granular cells and concentric corpuscles. 
The granular cells are rounded or ttask-shaped masses, attached (often by fi brills ted 
extremities) to blood-vessels and to newly formed connective tissue, '.rhe concentric cor- 
puscles are composed of a central muss, consisting of one or more granular cells, and of a 
capsule which is formed of epithelioid cells ; these* huter are continuous with the branched 
cells forming the network mentioned above. 


Fig. 1024. — Minute structure of thymus gland. Follicle of injected thymus from calf, four 
days old, slightly diagrammath*.. magnified al>out 50 diameters. 'Hie large vessels are 
disposed in two rings, one of wdiich surrounds the follicle, the other lies just W'ithin the 
margin of the medulla. (VV^atney.) 



A and B. lYom t-hyrnua of camel, examined without addition of any rengont. Msiffnifled about 400 
diameters, Lar^e oulourless cell, containinjr small oval muS8(!H of Imnrioglubin. Similar cells lure found 
in the iyiniih-glands, spleen, and medulla of bone. a. Coloured blood-corpuscles. 


Each follicle is surrounded by a capillary plexus, from which vessels pass into the 
interior, and radiate from the periphery towards the centre, forming a second zone just 
within the margin of the medullary portion. In the centre of the medulla there are very 
few' vessels, and they are of minute size. 

Watney has made the important observation that haemoglobin is found in the thymus, 
either in cysts or in cells situated near to, or forming part of, the concentric corpuscles. 
This haemoglobin occurs as granules or as circular masses exactly resembling coloured 
blood-corpuscles. Ho has also discovered, in the lymph issuingifrom the thymus, similar 
cells to those found in the gland, and, like them, containiifg hemoglobin in the form of 
either granules or masses. From these facts he arrives at the conclusion that the thymus 
is one source of the coloured blood- corpuscles. 

VesselB and Jferves. — The arteries supplying the thymus are derived from the internal 
mammary, and from the superior and inferior thyroid. The veins terminate in the left 
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innominate vein, and in the thyroid veins. The lymphatics are described on page 793. 
The nerves are exceedingly minute ; th6y are deriv^ from the pneumogastric and sympa- 
thetic. Branches from the doscendens hypoglossi and phrenic reach the investing capsule, 
but do not penetrate into the substance of the gland. 

Applied Anatomy . — Sudden death — •'thymus death ’ — with heart-failure, and with or 
without acute respiratory embarrassment, has been recorded in a number of infants and 
children in whom the thymus gland was considerably enlarged and the l 3 rmphatic tissues 
throughout the body showed general hypertroiihy, but who showed no other evidence of 
disease. Such deaths have often occurred during the administration of anaesthetics, 
particularly chloroform. How far the enlarged th 3 niiu 8 was responsible for the death of 
these patients, and, if it was responsible, how far its action was mechanical, are points that 
have been much disputed. Short of producing this sudden death, it appears that thymic 
enlargement may cause attacks of respiratory stridor, or noisy and difficult breatffing, 
•and spasmodic attacks of asthma — ‘ thymic asthma ’ — which may be frequently repeat^ 
and may oven result in death. Primary tumours of the thymus are rare forms of 
mediastinal new grow'tK and are usually dermoids or lymphosarcomas. 

The Spleen 

< 

The spleen (lien) is situated principally in the left hypochondriac region, 
but its upper and inner extremity extends into the epigastric region ; it lies 
between the fundus of the stomach and the Diaphragm. It is the largest of 
the ductless glands, and is of an oblong, flattened form, soft, of very friable 
consistence, liighly vascular, and of a dark purplish colour. 

Relations. — The external or diaphragmatic surface (facies diaphragm atica) 
is convex, smooth, and is directed upwards, backwards, and to the left, except 
at its upper end, where it is directed slightly inwards. It is in relation with 
the under ^fur/ace of the Diaphragm, wdiich separates it from the ninth, tenth, 



and eleventh ribs of the left side, and the intervening low'er border of the left 
lung and pleura. 

The internal surface is djvided by a ridge into an anterior or gastric, and a 
posterior or reiml portion. 

The gastric surface (facies gastrica), w’’hich is directed forwards and 
inwards, is broad and concave, and is in contact with the posterior wall of 
the fundus of the stoihacli ; and below this with the tail of tiie pancreas. It 

E resents near its inner border a long fissure, termed the hilus. This is pierced 
y several irregular apertures, for the entrance and exit of vessels and nerves. 
The renal surface (facies renalis) is directed inwards and downwards. It 
is somewhat flattened, is considerably narrower than the gastric surface, and 
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is in relation with the upper part of the outer surface of the left kidney and 
occasionally with the left suprarenal gland. 

The u'pper end is dinected inwards, towards the vertebral column, where it 
lies on a level with the eleventh thoracic vertebra. The lower end, sometimes 
termed the basal surface, is flat, triangular in shape, and rests upon the splenic 
flexure of the colon and the phreno-colic ligament, and is generally in contact 
with the tail of the pancreas. The anterior border is free, sharp, and thin, 
and is often notched, especially below ; it separates the diaphragmatic 
from the gastric surface. The posterior border, more rounded and blunter 
than the anterior, separates the renal from the diaphragmatic surface ; it 
corresponds to the lower border of the eleventh rib and lies between the 
Diaphragm and left kidney. The internal border or intermediate margin is 
the ridge which separates the renal and gastric surfaces. The inferior border 
separates the diaphragmatic from the basal surface. * 

The spleen is almost entirely surrounded by peritoneum, which is firmly 
adherent to its capsule. It is held in position by two folds of this membrane. 
One, the lieno-renal ligament, is deriwed from the layers of peritoneum forming 
the greater and lesser sacs, where they come into contact between the left 
kidney and the spleen ; the splenic vessels pass betvv^oon its two layers 
(fig. 926). The other fold, the gastro-splenic omentum, is also formed of two 
layers, derived from the greater and lesser sacs respectively, where they fheet 
between the spleen and stomach (fig. 926) ; the vasa brevia and left gastro- 
epiploic branches of the splenic artery run between its two layers. The low er 
end or basal surface of the spleen is supported by the phreno-colic ligament 
(see page 1129). ^ 

The size and weight of the spleen are liable to very extreme variations at 
different periods of life, in different individuals, ancLin the same individual 
under different conditions. In the adult, it is usuaUy about five inches*in 
length, three inches in breadth, and an inch or an inch and a half in thickness, 
and w^eighs about seven ounces. At birth, its weight, in proportion to the entire 
body, is almost equal to what is observed in the ^ult, being as 1 to 350 : while 
in the adult it varies from 1 to 320 and 400. In old age, the organ hot only 
diminishes in weight, but decreases considerably in proportion to the entire 
body, being as 1 to 700. The size of the spleen is increased during and after 
digestion, and varies according to the state of nutrition of the body, being large 
in highly fed, and small in starved animals. In malarial fever it becomes 
mucli enlarged, weighing occasionally even from eighteen to tw^enty pounds. 

Frequently in the neighbourhood of the spleen, and especially in the gastro- 
splenic and great omenta, small nodules of splenic tissue may be found, either 
isolated or connected to the spleen by thin bands of splenic tissue*. They are 
known as supernumerary or accessory spleens. They vary in size from that of a 
pea to that of a plum. 

Structure. — The spleen is invested by two coats : an external serous ami an internal 
fibro-elastic ^at. 

The external or aerouit coat is derived from the peritoneum ; it is thin, smooth, and in 
the human subject intimately adherent to the fibro-elastic coat. It invests the entire 
organ, except at the hilus and along the lines of nellection of the lieno-renal ligament and 
gastro-splenic omentum. 

The Jibro-elastic coat invests the organ, and at the hilus is reflected inwards upon the 
vessels in the form of sheaths. From these sheaths, as well as from the inner surface of the 
fibro-elastic coat, numerous small fibrous bauds, trabecuke (fig. 1026 ), are given off in iflJ 
directions ; these uniting, constitute the framework of the spleen. The spleen therefore 
consists of a number of small spaces or areolae, formed by the trabeculce ; in these areobe 
is contained the splenic pulp. 

The fibro-elastic coat, the sheaths of the vessels, and the trabecuise, arc composed of 
white, and yellow elastic, fibrous tissues, the latter predominating. It is owing to the 
presence of the elastic tissue that the spleen possesses a considerable amount of elasticity, 
which allows of the very great variations in size that it presents under certain 
circumstances. In addition to these constituents of this tunic, there is found in man a 
small amount of non-striped muscular fibre ; and in some i^^amAalia (e.g. dog, pig, and 
cat) a large amount, so that the trabeculse appear to consist chiefly of muscular tissue. 

The splenic pulp is a soft mass of a dark reddish-brown tolour, resembling grumous 
blood ; it consists of a number of branching- ceils and of an intercellular substance. The 
cells are connective-tissue corpuscles, and are termed the auatentaculdr or supporting ceUs 
of the pulp. The processes of these cells communicate with each other, thus forming a 
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delicate retioulated tissue in the interior of the areokB, so that each areola may be con- 
sidered to be divided into a number of smaller spaces by the junction of the processes of 
the branching corpuscles. These secondary spaces are full of* blood, in which, however, 
tJie white corpuscles are found to be in larger proportion than they are in ordinary blood. 
Large rounded cells, termed splenic cells, are also seen ; these are capable of amceboid 
movement, and often contain pigment and red blood-corpuscles in their interior. The 
sustentacular cells are either small uni -nucleated, or large multi-nucleated cells ; they 
do not stain deeply with carmine, and in this respect differ from the cells of the Malpighian 
bodies, but like these cells they exliibit amoeboid movements. In many of them may be 
seen deep red or reddish- yellow granules of various sizes, also blood-corpuscles in all stages 
of disintegration. Klein has pointed out that sometimes these cells, in the young spleen, 
contain proliferating nuclei ; that is to say, the nucleus is of large size, and presents a 
number of knob-like projections, as if small nuclei were budding from it by a process 
of gemmation. This observation is of importance, as it may explain one possible source of 
the colourless blood-corpuscles. ■ 

Blood-vessels of the spleen. — ^The Ki>lenic artery is ‘^markable for its large size in 
proportion to the size of the organ, and also for its tortuou^s course. It divides into six or 
more branches, which enter the hilus of the spleen and ramify throughout its substance 
(hg. 1027). receiving sheaths from an involutioci of the external fibrous tissue. Similar 
sheaths also invest the nerves and veins. 


• Flo. 1020. — ^Transverse section of the4|)l0eh^ sho\^’ing the trabecular tissue 
and the splenic vein and its tributaries. 



Each branch runs in the transverse axis of the organ, from within outwards, diminishing 
in size during its transit, and giving off in its passage smaller branches, some of which pass 
to the anterior, others to the posterior part. These ultimately leave the trabecular sheaths, 
and terminate in the jiroper substance of the spleen in small tufts or pencils of minute 
arterioles, which open into the interstices of the reticulum formed by the branched susten- 
tacular cells. Each of the larger branches of the artery supplies chiefly that region of the 
ofi'gan in which the branch ramifies, having no anastomosis with the majority of the other 
branches. 

The arterioles, sui)ported hy the minute trabeculae, traverse the pulp in all directions 
in bundles of straight vessels. Their external coats, on leaving the trabecular sheaths, 
consist of ordinary connective tissue, but they gradually undergo a transformation, become 
much thickened, and converted into adenoid material.* This change is effected by the 
conversion of the connective tissue into adenoid tissue ; the bundles of connective tissue 
becoming looser and their fibrils more delicate, and containing in their interstices an 
abundance of lymph-corpuscles (W. Muller). 

The altered coat of fno arterioles, consisting of adenoid tissue, presents here and there 
thickenings of a spheroidal shape, the Malpighian hodieji of the spleen. These bodies vary 

* According to Klein, it is the sheath of the small vessel which undergoes this trans- 
formation, and forms a * solid mass of adenoid tissue which surrounds the vessel like a 
cylindrical sheath.* — Atlas of Histology, p. 424. 
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in size from about of an inch to nV of an inch in diameter. They are merely local 
expansions or hyperplasisc of the adenoid tissue of which the external coat of the smaller 
arteries of the spleen is formed. They are most frequently found surrounding the arteriole, 
which thus seems to tunnel them, but occasionally they grow from one side of the vessel 
only, and present the appearance of a sessile bud gro\\ing from the arterial wall. Klein, 
however, denies this, and says it is incorrect to describe the Malpighian bodies as isolated 

Fia. 1027. — Transverse section of the human spleen, showing the distribution 
of the splenic artery and its branches. 



masses of adenoid tissue, that they are always formed around an artery, though there 
is geuierally a greater amount on one side than on the other, and that, therefore, in trans- 
verse sections, the artery, in the majority of cases, is found in an eccentric position. These 
bodies are visible to the naked eye on the surface of a fresh section of the organ, appearing 
as minute dots of a semi-opaque whitish colour in the dark substance of the pulp. In 


Fig. 1028 . — Transverse section of a jmrtion of the spleen. 



minute structure they resemble the adenoid tissue of lymphatic glands, consisting of a 
delicate reticulum, in the meshes of which lie ordinary lymphoid Bells (fig. 1028). 

The reticulum of the tissue is made up of extremely fine fibrils, and is comparatively 
o|)en in the centre of the corpuscle, becoming closer at its pA’iphery. The cells which it 
encloses, like the supporting cells of the pulp, are possessed of amceboid movements, but 
when treated with carmine become deeply stained, and can be easily distinguished from those 
of the pulp. 
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The arterioles terminate in oapiUarki^ idiieh traverse the puto in all direolSona i their 
walls become much attenuated, lose their tubular oharaoto:, and the eellB of the adenoid 
tissue of which they are oompo^ become altered, presenting a branched appearance, and 
acquiring processes which are directly connected with the processes of the sustentaoular 
cells of the pulp (fig. 1020). In this manner the capillary vessels terminate, and the blood 
flowing through them finds its way into the interstices of the reticulated tissue formed by 
the branched connective-tissue corpuscles of the splenic pulp. Thus the blood passing 
through the spleen is brought into intimate relation with the elements of the pulp, and no 
doubt undergoes important changes. 

After these changes have taken place the blood is collected from the interstices of the 
tissue by the rootlets of the veins, which commence mucu in the same way as the arterJas 
terminate. Wliero a vein is about to commence, the connective-tissue corpuscles of the pulp 
arrange themselves in rows, in such a way as to form an elongated space or sinus. They 
become changed in shape, being elongated and spindle-shap^, and overlap each other 
at their extremities. They thus form a sort ot endothelial lining ot tlic patli or sinus, which 
is the radicle of a vein. On the outer surface of these cells ore seen delicate transverse lines 
or markings, which arc due to minute elastic fibnllie arranged in a circular manner around 
the sinus. Thus the channel obtains an external investment, and gradually hecomes 
converted into a small vein, which after a time a<>tains a coat of ordinary connects e tissue, 
lined by a layer of fusiform epithelial cells which are continuous with the supporting cells 
of the pulp. The smaller veins unite to form larger ones ; those do not accompany the 
arteries, but soon enter the trabeculai sheaths of the capsule, and by their junction form 
six orcnoi-e branches, which emergeffrom the hilus, and, uniting, constitute the splenic vein, 
the largest radicle of the portal \ einfr 

Fto. 1029. — Section of the spleen, showing the termination of the small blood-vessels. 
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The veins are remarkable for their numerous anastomoses, while the arteries hardly 
anastomose at all. . 

The lymphatics are described on page 787. 

Tlie nerves are derived from branches of the right and left semilunar ganglia, and from 
the right pneumogastric nerve. « 

f^vr/ace Marking — ^The spleen is situated under cover of the ribs of the left side, being 
separated from them by the Diaphragm, and above by a small portion of the lower margin 
of the left lung and pleura. Its position corresponds to the ninth, tenth, and eleventh 
ribs. Jt 18 placed very obliquely. ‘ It is oblique in two directions, viz. from above down- 
i^ards and outuards, and also from above downwards and forwards’ (Cunningham). 
‘ Its highest and loi^est jioints are on a level respectively with the ninth dorsal and first 
lumbar spines ; its inner end is distant about an inch and a half from the median plane oi 
the body, and its outer end about reaches the mid-axillary line ’ (Quoin). 

Apidied Anatomy , — ^Injury of the spleen is loss common than that of the liver, on 
account of its protected situation and connections. It may be ruptured by direct or indirect 
violence ; lorn by a broken rib ; or injured by a punctured or gunshot wound. When 
the organ is enlarged, the chance of rupture is increased. The great risk is haemorrhage, 
owing to the vascularity of the organ, and the absence of a proper system of capillaries. 
The injury is not, however, necessarily fatal, and this would appear to be due, in a great 
measure, to the contractile power of the capsule, which narrows the wound and prevents 
the escape of blood. In coses where the diagnosis is clear, and the symptoms indicate 
danger to life, laparotomy must be performed, and if the hcemorrhage cannot be stayed by 
ordinary surgical methods, the spleen must be removed. 





The spleen may heooiiie eaomfmi)^ enlai^^ in neri»dii djeeaaed ebn^tibiiii/ 8i^ 
a^e, leukflBmia, sypliilis, valvnlar liiae^ of the heart, or witiioat any obtainable histotj 
of previous disease. It msfy aJsd bedome enlaz^ged in lymphadenoma, as a part of a general 
blood-disease. In these cases the tumour may fill a considerable pak of the abdomen and 
extend into the pelvis, and may be mistaken for ovarian or uterine new growth. 

The spleen is sometimes the seat of cystic tumours, especially h 3 rdatids, and of abscess. 
These oases require treatment by incision and drainage ; and in abscess great care must 
be taken, if there are no adhesions between the spleen and abdominal wall, to prevent 
the escape of any of the pus into the peritoneal cavity. If possible the operation should 
be performed in two stages. Sarcoma and carcinoma are occasionally found in the spleen, 
but very rarely as a primary disease. 

Extirpation of the spleen has been performed for wounds or injuries, in floating spleen, 
in simple hypertrophy, and in leukiemic enlargement ; but in the last condition the opera- 
tion is now regarded as unjustifiable, as every case in which it has been performed has 
terminated fatally. The incision is best made in the left semilunar lino ; the spleen is 
isolated from its surroundings; and the pedicle transfixed and ligatured in two portions, 
before the tumour is turned out of the abdominal cavity, if possible, so as to avoid 
any traction on the pedicle, which may cause tearing of the splenic vein. Caro must be 
taken in applying the ligature not to in^ude the tail of the pancreas, and in lifting out 
the organ to avoid rupturing the capsule. 


SUPBABENAL GlAI^DS 

The suprarenal g;lands (glandulse suprarenales) arc two small flattened 
bodies of a yellowish colour, situated at the back part of the abdomen, 
boliind tlio peritoneum, and immediately above and in front of the upper end 
of each kidney ; hence their name. The right one is somewhat triangular in 
shape, bearing a resemblance to a cocked hat ; the left is more semilunar, 
usually larger and placed at a higher level than the right. They vary in •size 
in different individuals, being sometime^s so small as to bo scarcely detected : 
their usual size is from an inch and a <fuarter to nearly two inches in length, 
rather less in width, and from two to throe lines in thickness. Tluur average 
weight is from one to one and a half drachms each. 

Relations. — ^The relations of the suprarenal glands differ on the two 
sides of the body. 

The right suprarenal is situated boliind the inferior vena cava and right 
lobe of the liver, and in front of the Diaphragm and upper emd of the 

Fio. 1030. — Suprarenal glands view ed from the front. 
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right kidney. It is roughly triangular in shape ; its base, directed downwards, 
is in contact with the inner and anterior aspects of the upper end of the right 
kidney. It presents two surfaces for examination, an anterior and a posterior. 
The anterior surface looks forwards and outwards, and has two ai'eas : an 
inner, narrow and non-peritoneal, which b'es behind tl^p inferior vena cava ; 
and an outer, somewhat triangular, in contact with the liver. The upper part 
of this surface is devoid of peritoneum, and is in relation with the bare 
area of the liver near nts lower and inner angle, while its inferior portion is 
Covered by peritoneum, reflected on to it from the inferior layer of the coronary 
ligament. A little below tlie apex, and near the anterior border of the gland, 
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is a short furrow termed the hilus,- from w'hich the suprarenal vein emerges to 
join the inferior vena cava. The surface is divided into upper and 

lower parts by a curbed ridge : the upper, slightly convex, rests upon the 
Diaphragm ; the lower, concave, is in contact with the upper end and the 
adjacent part of the anterior surface of the kidney. ^ 

The left suprarenal, slightly larger than the right, is crescentic in shape, 
its concavity being adapted to the inner border of the upper part of the left 
kidney. It presents an inner border w^hich is convex, and an outer w^hich is 
concave ; its upper border is narrow^, and ifs lower rounded. Its anterior 
surface has two areas : an upper one, covered by the peritoneum forming the 
lesser sac, which separates it from the cardiac end of the stomach and some- 
times from the superior extremity of the spleen ; and a lower one, which is in 



(jontact with the pancreas and splenic artery, and is tluu*efore not covered by 
the peritoneum. On the anterior surface, near its low'or end, is a furrow or 
liilus, directed down^^^ard8 and forwards, from which the suprarenal v(dn 
emerges. Its posterior surface presents a vertical ridge, wdiicli divides it into 
two areas ; the outer area rests on the kidney, the inner and smaller, on the 
left (irus of the Diaphragm. 

The surface of the suprarenal gland is surrounded by areolar tissue 
containing much fat, and closely invested by a thin fibrous capsule, \>'hich is 
difficult to remove on account of the numerous fibrous processes and vcvssels 
entering the organ through the furrows on its anterior surface and base. 

Small accessory . suprarenals are often to be found in the connective tissue 
round the suprarenals. The smaller of these, on section, show a uniform 
surface, but in some of the larger a distinct medulla can be made out. 

Strnctare. — On section, the suprarenal gland is seen to oofUfiiist of two portions : an 
external or cortical, and an internal or medullary. The fcumer constitutes the chief part 
of the organ and is of a deep yellow colour ; the medullary substance is soft, pulpy, and of 
a dark of brown colour. 

The r.ortical portion consists of a fine connective- time network, in which is imbedded 
the glandular epithelium. The epithelial cells are polyhedral in shape and possess rounded 
nuclei ; many of the cells contain cx)arse granules, others fat globtfies. Owing to differences 
in the arrangement of the cells three distinct zones oan be.made out: (1) the sona 
glomeridom, situated beneath the capsule, consists of cells arranged iii rounded groups, 
with here and there indications of an alveolar structure ; the cells of this zone are very 
granular and stain deeply. (2) The zona fascicnlatay continuous with the zona glomerulosa, 
is composed of quadrilateral groups of cells arranged in a radial manner; these cells 
contain finer granules and in many instances fat ^obules. (3) The zona reticularis, in 
contact with the medulla, consists of cylindrical masses of cells irregularly arranged ; 
these cells often contain pigment granules which give this zone a darker appearance 
then the rest of the cortex. 

The medullary portion is extremely vascular, and is composed of a loose meshwork 
of connective tissue surrounding a large plexus of veins and containing non-striped 
muscular fibres. In addition to the veins, multi-nucleated masses of protoplasm are 
scattered throughout the medulla as well os many irregular-shaped cells containing 
pigment. The cell-protoplaAn has an especial affinity for chromic salts, which stain it a 
brown colour. Such cells are therefore termed chrormffln tdls. This portion of the 
gland is richly supplied with non-medullated nerve-fibres, and here and there sympathetic 
ganglia are found. 
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Vessels and Nerves.- - The arteries supplying the suprarenal glands are numerous and 
of comparatively large size ; they are derived from thejiuitai* the i nferior phrenic, and 
the^renal. They subdivide into minute branches prevfo^ to entering tfte' cortical p.art 
dfuie gland, where they break up into capillaries which end in the venous plexus of the 
medullary portion. 

The suprarenal vein returns the blood from the niedullajy venous plexus and receives 
several branches from the cortical substance ; it emerges from the hilus of the gland 
and on the right side opens into the inferior vena cava, on the left into the renal 
vein. 

The lymphatics terminate in the lumbar glands. 

The nerves are exceedingly numerous, and are derived from the solaiiaadjjenal plexuses, 
and, according to Bergmann, from the 
phr^c. ..and piieumogastric nerves. 

They enter the lower and inner part of 
the capsule, traverse the cortex, and 
terminate around the cells of the 
medulla. They have numerous small 
ganglia developed upon them, from 
which circumstance the organ has been 
conjectured to have some function 
in connection with the sympathetic 
n(‘rvous system. 

Applied Anatnmy . — The suprarenal 
cortex is derived from the cadomic 
epithelium of the Wolffian ridge, and 
is connected with the sexual glands ; 
it it- related to giowth and develop- 
ment in some way, and is often found 
to be hypertro])liied in patients with 
oiironic kidney disetise and high blood- 
pressure. The medulla, on the other 
hand, is neuro-cctodermal in origin, 
and closely connected with the aym- 
jtathotic nervous system. It supplies 
the body with an internal secretion 
called adrenalin, that tends to raise 
the blood-pressure by stimulating the 
vaso - constrie.tor fibres of the sym- 
pathetic. When the suprarenal medulla 
is destroyed by tuberculosis, to which 
the glands are prone, or by the pressure 
of a new growth, the secretion of 
adrenalin becomes inadequate, and Addison’s disease develops. Patients with Addison's 
disease become pigmented in various parts of the body, f)Ossilily from irritation of 
the sympatlietic, and complain of great weakness, lack of energy, nausea, and severe 
attacks of vomiting. Th^ir blood-pressure is low, the whole nervous system is depressed, 
and death follows aft^r a period of months or years, usually from asthenia. Tumours 
derived from the suprarenal itself, or from misplaced sujirarenal ‘ rests ’ occurring in 
such organs as the ki^ey or liver, may be either benign or malignant, and are classed 
together under the name * hypernephroma.’ In children the malignant hypernephroma 
is often associated with obesity and precocity. The benign hypernephroma, or suprarenal 
adenoma, appeats to produce no symptoms except those due to its slow enlargement. 

*'■ • 

The carotid bodi6^ two in number, are situated one on either side of tlie 
neek, behind tjie common carotid artery at its point of bifurcation into the 
external and internal carotid trunks. They are reddish-brown in colour and 
oval in shape, the long diameter measuring about one-fifth of an inch. Each 
is invested by a fibrous capsule and consists largely of spherical or irregular 
masses of cells — the masses being more or less isolated from one another by 
septa which extend inwards from the deep surface of the capsule. The cells 
are polyhedral in shape, and each contains a large nucleus imbedded in finely 
granular ijrotoplasm which is stained yellow by chromic salts. Numerous 
nerve-fibres, derived from the sympathetic plexus on the carotid artery, a^(^ 
distributed throughout the organ, and a netfl^ork of la^o capillaries ramifies 
amongst the cells. • 

The coccyg^eal body or gland of Luschka is placed in front of, or imme- 
diately below, the tip ©f the coccyx. It is about the size of a millet-seed and 
is irregularly oval in shape ; several smaller nodules are found around or near 
the main mass. It consists of irregular masses of round or polyhedral cells, 


h^iG. 1032. — Section of a part of a suprarenal 
gland. (Magnified.) 
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the colls of each mass being grouped around a dilated capillaiy vessel Each 
cell contains a large round or oval nucleus, the protoplasm surrounding which 
is clear and is not stained by chromic salts.’*' 

Besides the duotless glands mentioned, refeience may be made to a pair of small bodies, 
the aortic bodies of Zuckerkandl. These are found in the embryo and persist until 
shortly after birth ; they lie one on either side of the abdominal aorta close to the origin 
of the superior mesenteric artery. They consist essentially of masses of polygonal or 
cuboidal, chromaffin, cells imbedded in a wide-meshed capillary plexus. 

■’ Consult the following article: ‘fiber die Menschliclio Steissdriise,’ von J. W. Thomson 
Walker, AtcMv fiir mkroifkopiseke Anatmw md BKtwic1ielvng»ge»phicMVi Band G4. 1904. 
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Abdomen, 1118 
apertures in walls of, 1119 
boundaries of, 1118 
fascia of, 500 
lyni]>hatic glands of, 778 
muscles of, 500 
regions of. 111 0 
Abdomijial aoi’la, 085 

appli(*d anatomy of, 087 
l>ranches of, 087 
surface marking of, 087 
muscles, 500 
ring, exlenial, 508 
iuti'rnal, 510 

visceia, lymphatic vcss<*ls 
of, 784 

l)ositiou of, 105(i 
wall, lvii»]‘batic vessels of, 
781 ‘ 

Abdomino-thora< jc arch, 212 
Abductor liallucis mustde, 588 
indicis jiiuscle, 557 
longus ])ollicis muscle, 549 
minimi digili muscle, (hand) 
550, (foot ) m) 

])ollici.s nms<‘l(‘, 554 
Aberrant duct of testis, 1210 
Acceleiator iiriiiie muscle, 524 
Accessorius ad ilio-costalem 
muscle, 490 
pedis muscle, 589 
Accessoiy obturator iiervt*. tl74 
olivary nuclei, 819 
palatine canals. 252 
j>rocess(*H, 191 
pudic artery, 701 
sinuses of nose. 1008 

applied ^iiatomy of, 1008 
spleens, 1241 
thyroids, 1230 
Aret<ahuli, fossa, 320 
os, 327 

Acetabulum, 325 
Achromatic sjutidlft, 4 
Acihrouiatin, 4 

Acromial end of clavicle, 288 
ivgion, muscles of, 533 
Acromio-clavicular joint, 401 
applied anatomy of, 403 
surface form of, 403 
Acromio-tlioracic artery, (>70 
Acromion process, 292 
Actions of Muscles. <SVc each 
Group of Muscle A 
Adaman to blasts, 1101 
Adductor brevis muscle, 571 
longus muscle, 571 
ma^us mu8(‘lc, 57% • 

obliquus liallucis muscle, 591 
poUlcis muscle, 554 


Adductor trai i s v(' rsu fi . hallucis ' 
muscle, 591 I 

poUicLs muscle, 555 
tubercle, 336 

Adenoid tis^e, 20 | 

Adipose tissue, 17 

dc.voloimient of, 18 
Admiiiii.alum liiieae alba*, 
514 

Adronalii 1247 
Atfercnt nerves, 4t) 
veswls of kidney, 1185 
After-birth, 101 
Agger nasi, 245 
Ail-cells of nos(‘. 1008 
Ala cinerea. 837 
lobuli centralis, 827 
nasi, 1002 
Abe of sacrum, 194 
of vomer, 254 
Alar lamina, 1J7 

proeesst*s of ethmoid, 238 
thoracic artery, 070 
Alcoek, canal of, 518 
Alimentary canal, 1088 
dcvclo])inciit of, 150 
subdivisions of, 1088 
Allantoic; a'csscIs, 94 
Allantois, 94 
Alveolar arcli, 245 
artery, 039 
jioiiil, 279 
process, 245 

Alveoli, formation of, 1102 
of mandible, 250 
of maxilla, 245 
of stomach, 1137 
Alveus, 870, 875 
Aniacririe cells of retina, 1022 
Amnion, 93 

false, 94 , 

Amiiiotic cavity, 94 
}»riniitive, 80 
edoderni, 94 
fcjld, 03 

Amphiarthrosis, 369 
Ampulla of vas dcfcieiis, 
1210 

of Fallopian tube, 1221 
of rectum, 1154 
of Vater, 1173 

AmpiiUaB of scmieii'cular canals, 
1048 

of tubuli lactiferi, 1233 
Amygdalae of cerebellum, 
829 ' 

Anal canal, 1155 ' 

columns of Morgagni of, 
1150 

• development of, 100 


Anal canal, lympliaiio vessels 
of, 785 

membrane, 101 
fascia. 518 
valves, 115t) 

Anaphase of karyokinesis, 5 
Anastomosis of arteries, 017 
around elbow-joint, 074 
cireum patellar, 719 m 
Anastomotie branch of sciatic 
artery, 704 

Aiiastomotiea magna of bra- 
chuil, 074 
of femoral, 715 

Anatomical jieek#of humerus, 
29<T 

fracture of, 300 
Anconeus jnuselt*, 547 * 

Aiuhusch. ganglion of, 932 
Ammrysms of abdominal aorl a, 
087 

of arch of aorta, 022 
Angiology, 597 
Angle of Lmlwig, 204 
of mandible, 257 
of ])ubis, 325 
of ril), 208 
saero- vert<‘hral, 1 9 1 
suhseajmlar, 289 
Anguhir artery, 03i. 
umvolution. 800 
movftnienl, 370 
proe<‘ss, external, 221 
internal, 221 
vein, 729 

Angulus Ludoviil, 204 
Animal cell, 3 
Ankle-joint, 440 
applied anatomy of, 444 
Halations of ttuidoiis and 
vessels to, 412 
surface form of, 443 
Annular ligament of ankle, 
anterior, 580 
external, 587 « 

internal, 587 
of radius and ulna, 413 
of wrist, anterior, 550 
jiosterior, 551 
Annulus fibi-osus, 374 
oval is, 005 

Ano-coceygeal body, 1155 
nerves, 980 
raphe, 520 

Ansa hypoglossi, 941, 952 
^ lentieularis, 873, 874 
• Vieusseni, 903 
Anterior annular ligament of 
• ankle, 586 
of wrist,, 550 
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Anterior basis bundle, 805 
oerebral artery, 648 
cervical lymphatic glands, 
T72 

chamber of eye, 1017 
columns of spinal cord, 804 
commissure of brain, 876 
of prostate, 1216 
common ligament, 373 - 
cornu of lateral ventricle, 
867 

of spinal cord, 800 
crescentic lobe, 827 
crural nerve, 974 
dental canal, 243 
ethmoidal cells, 239 
fontanelle, 277 
fossa of skull, 271 
internal frontal arteries, 648 
interosseous nerve, 960 
jugular vein, 733 
median fissure of medulla, 
812 

of spinal cord, 798 
mediastinum, 1079 
nasal spine, 246 
nerve roots, 808, 941 
palatine fossa, 246, 262 
perforated space, 864 
primary divisions of cervical 
nerves, C49 

of lumbar nerves, 969 
^ of sacral and coccy- 
geal, 978 

of spinal nerves, 949 
of thoracic m^.rvea, 966 
X>ulmonary plexus, 936 
thoracic nerves, 956 
tibial artery, 719 
nerve, 984 
triangle of neck, 640 
Antoro-latoral ganglionic 

arteries, 650 
ground bundle, 807 
Ante ro- median ganglionic 

arteries, 648 

Anticlinal vertebra, 188w. 
Anticubital fossa, 672 
Antihelix, 1035 
fossa of, 1035 
Antitragicus muscle, 1037 
Antitragus, 1035 
Antrum cardiacum, 1117, 1133 
of Higlimore, 244, 1008 
mastoid, 226 
opening of, 1041 
Anus, 1089 
development of, 161 
lymphatic vessels of, 785 
Aorta, 619 

abdominal, 685 
applied anatomy of, 687 
branches of, 087 
arch of, 620 

applied anatomy of, 622 
branches of, 623 
peculiarities of, 622 
of branclu's of, 623 
ascending, 619 
descending, 682 
development of, 142 
great sinus of, 619 
thoracic, 682 
applied anatomy of, 684 
branches of, 684 • 

Aortas, dorsal, 136, 142 


Aottn, primitive, 135 
ventral, 136 
Aortic arches, 141 
bodies of Zuckerkandl, 1248 
isthmus, 143 
lymphatic glands, 780 
opening of diaphragm, 
503 

of heart, 609 
plexus, 999 
semilunar valves, 609 
septum, 140 
vestibule, 609 
Aortico-renal ganglion, 997 
Aperture, anterior nasal, 277 
superior, of larynx, 1066 
Apertures in walls of abdomen, 
1119 

Aponeuroses, 455 
epicranial, 458 
of external oblii}ue, 500 
lumbar, 493 
palatine, 484 
pharyngeal, 1115 
of soft ]jalate, 1092 
Apix^ndag(5B of eye, .1028 

applied anatomy of, 1 033 
of embryo, 92 
of skin, 67 

Appendices epiploicas, 1129 
Appendicular artery, 692 
Appendix of left auricle, 608 
of right auricle, 604 
lymphatic vessels of, 785 
vermiform, 1150 
xiphoid, 204 
Applied Anatomy — 

of abdominal aorta, 687 
of abducent nerve, 922 
of acromio-clavicular Joint, 
403 

of adductor longus muscle, 
573 

of ankle-joint, 444 
of anterior tibial artery, 
720 

of arch of aorta, 622 
of arteries, 617 
of ascending ijliaryngeal 
artery, 636 

of auditory nerve, 929 
of auriculo - ventricular 
bundle, 61 1 
of axilla, 666 
of axillary artery, 668 
fascia, 529 
gJands, 774 
vein, 747 

of azygos veins, 750 
of biceps of arm, 583 
of bladder, 1199 
of bone, 34 

of bones of forearm, 308 
of foot, 363 
of hand, 320 
of leg, 349 
of pelvis, 331 
of skull, 282 
of bracliial artery, 672 
plexus, 965 
of brain, 891 

of branches of internal 
iliac artery, 705 
of carpal bones, 320 
of cavernous sinus, 741 
of cerebellum, 834 


Applied Anatomy (coni,) 
of cervical fascia, 474 
glands, 772 
plexus, 953 
ribs, 210 
of clavicle, 289 
of common carotid artery, 
627 

iliac artery, 697 
of coronary arteries, 620 
of deep epigastric artery, 
707 

of deltoid muscle, 534 
of descending aorta, 684 
palatine artery, 640 
of dorsalis pedis artery, 
722 

of eighth nerve, 929 
of elbow-joint, 412 
of eleventh nerve, 939 
of emissary veins, 744 
of Eustachian tube, 1046 
of extensor tendons of 
fingers, 549 

of external carotid artery, 
629 

ear, 1038 
iliac artery, 705 
jugular vein, 733 
of eye, 1026 
of eyelids, 1033 
of facial artery, 633 
nerve, 927 
vein, 731 

of Fallopian tube, 1222 
of fascia of axilla, 529 
of Psoas and Iliac us, 
565 

of femoral artery, 712 
hernia, 1161 
of femur, 340 
of fibula, 349 
of lifth nerve, 918 
of fingers, 553 
of first nerve, 901 
of flexor sheaths of fingers, 
553 

of foot, bones of, 303 
of forearm, bones of, 
308 

of fourth nerve, 906 
of gall-bladder, 1175 
of gluBSu-pharyngeal nci*ve, 
932 

of gluteal artery, 705 
Of ha*morrlioidal venous 
plexus, 757 

of hamstring tendons, 575 
of hand, bones of, 320 
of hea^t, 613 
of hip- joint, 428 
of humerus, 300 
of hyoid bone, 261 
of hypoglossal nerve, 941 
of iliac fascia, 565 
of inferior ealeaneo-navi- 
cular ligament, 447 
vena cava, 759 
of inguinal glands, 777 
hernia, 1159 

of innominate artery, 624 
of intercostal arteries, 685 
nerves, 969 

of iiftornal capsule, 888 
carotid artery, 645 
ear, 1058 
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Applisd Anatomy (conL) I 
of internal iliao arteiy, I 
698 

jugular vein, 734 ; 

mammary arteiy, 665 
pudio arteiy, 705 s 

of intervertebral discs, 375 i 
of intestines, 1158 , 

of isohio-rectaJ fossa, 522 
of kidneys, 1190 
of knee-joint, 438 
of labyrinth, 1068 | 

of lachrymal apparatus, ' 
1034 

of laryngeal nerves, 937 
of laryngo-trachcal region, 
1073 

of laiynx, 1073 
of log, bones of, 349 
of lingual artery, 631 | 

of liver, 1174 
of lumbar plexus, 986 
of lungs, 1087 
of lymphatic system, 764 
of mammaiy glands, 1234 
of mastoid antrum, 226 
of mediastinum, 1080 
of medulla oblongata, 822 
of meninges, 899 
of mesenteric arteries, 694 
lymphatic glands, 783 
of metacarpal bones, 320 
of metatarsal bones, 364 
of luctatarso - phalangeal 
joint of great toe, 452 
of middle ear, 1046 

meningeal artery, (>38 
of motor-oculi nerve, 905 
of muscles, 454 
of ey(‘ball, 463 
of lower extremity, 
595 

of soft palate, 486 
of upper extremity, 
560 

of vertebral column, 
500 

of musculo-apiral nerve, 
966 

of nasal fossae, 1008 
of ninth nerve, 931 
of nose, 1008 
of (esophagus, 1118 
of olfaofory nerve, 901 
of optic nerve, 903 
of ovaries, 1221 
of palatic, 1092 

muscles of, 486 
of palmar arches, 682 
fascia, 553 
of pancreas, 1179 
of parametrium, 1229 
of parathyroid glands, 
1238 

of patella, 343 
of pelvis, 331 
of penis, 1215 
of pericardium, 600 
of peritoneal fosssQ, 1132 
of peroneal or external 
popliteal nerve, 988 
of phalanges of hand, 320 
of foot, 364, ^ ; 

of pharynx, 1116 
of pigment, 36 i 

of plantar arch, 726 j 


Apflisd Anatomy (coni,) ! 
of pleura, 1077 
of jions, 825 

of pneumogastrio nerve. 
937 

of popliteal artety, 717 
lymphatic glands, 777 
of portal system of veins, 
763 

of posterior tibia! artery, 
723 

of pronator teres muscle,' 
540 

of prostate gland, 1217 
of prostatic venous plexus, 
757 ^ 

of psoas magnus muscle, 
566 

of pulmonary artery, 619 
v^ns, 727 

of radial arteiy, 676 
of radius, 308 
of recti muscles of eye, 
463 

of rectus femoris muscle, 
5V0 

of ribs, 212 

of salivary glands, 1113 
of saphenous veins, 753 
of scalp, 458 
of scapula, 294 
of sciatic artery, 705 
nerve (great), 987 
of second nerve, 903 
of Bcrratus magnus 
muscle, 533 
of seventh nerve, 927 
of sheath of psoas muscle, 
566 

of shoulder-joint, 407 
of sixth nerve, 922 
of skuU, 282 
of spermatic veins, 759 
of spinal accessory nerve, 
939 

arteries, OtiO 
cord, 80tl 
of spleen, 1244 
of splenic art(*ry, 690 
of sterno-clavicular joint, 
461 

of sterno-mastoid muscle, 
475 

of sternum, 212 
of stomach, 1138 
of subclavian artc'iy, (>57 
of superior •radio-ulnar 
joint, 413 

thyroid artery, 630 
vena cava, 750 
of suprarenal glands, 1247 
of sympathetio nerves, 
1000 

of synovial membrane, 3(»7 
sheaths of tendons of 
wrist, 553 
of tarsal bones, 363 
joints, 449 
of teeth, 1103 
of temporal artery, 636 
of temporo - mandibular^ 
joint, 385 

of tendons of leg and foot, 
586 

of tenth nerve, 037 
of testis, 1209 


Applied Anatomy {oont.) 
of third nerve, 905 
of thoracic aorta, 684 
duct, 767 
nerves, 969 
of thorax, 212 
of thymus, 1240 
of thyroid b(xly, 1237 
of tibia, 349 
of tongue, 482 
of tonsils, 1115 
of trachea, 1074 
of trachew - bronchial 
glands, 792 
of triceps, 539 
of trifacial nerve, 918 
of trochlear nerve, 906 
of twelfth nerve, 941 
of tympanic cavity, 1046 
of ulna, 308 
of ulnar artery, 679 
of ureter, 1193 
of urethra, 1202 
of uterus, 1228 
of vagus, 937 • 

of veins in front of elbow, 
746 

of vena mediani cubili, 746 
of V crtebral column, 201 
joints, 382 

of vesici^ i^minales, 1212 
of wrist-joint, 417 
Aquseduotiis coehloic, «228, 
1051 

Falluxjii, 228 
Sylvii, 844 
vostibuli, 228, 1048 
Aqueous humour, 1024 
Arachnoid membrane, 895 
cistern se, 896 
villi, 898 

Arantii, corjwra, 607 
Arbor vitro of certibelluin, 830 
uterinro, 1225 
Areli, alveolar, 245 
of aorta, 620 

applied anatomy of, 622 
branches of, 623 
jjeculiarities of, 622 
axillary, 400 
cmral, deep, 516, 708 
X^almar, deep, 676 
sii[)or(Icial, 681 
plantar, 725 
posterior ear[)al, 681 
of pubis, 329 
of a vertebra, 183 
zygomatic, 266 
Arches, aortic (fcntal), 141 
branchial or visceral, 107 
of foot, 452 • 

of soft palate, 1091 
Arcuate fibres, anterior ex- 
ternal, 821 
internal, 820 
posterioi* external, 821 
ligaments, 502 
nucleus, 821 

Ai'Cus j;)arieio-occi])italis, 8t)0 
Area acustica, 837 

anterior, of medulla, 812 
of Brocja, 864 
* bucco-pharyngcal, 687 
cribrosa media, 227 
BUfkirmr, 227 

embiyonic, 86 
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Area, extra-ombryoiuc, 86 
facialis, 228 
lateral, of medulla, 813 
olfactory, 110 
oval, of Flechsig, 808 
pericardial, 87 

‘ posterior, of medulla, 814 
postieroa, 837 
])roamniotic, 87 
vestibiilaiis inferior, 1058 
superior, 1058 
An'as of Cohnheim, 38 

motor, of cerebral cortex, 885 
sensory, of cerebral cortex, 
885 

Areola of brcjast, 1233 
Areolae of bone, primary, 32 
secondary, 32 
Areolar tissue, 16 
Arm, inn soles of, 533 
bones of, 286 
fascia of, 533 
lymphatic, glands of, 772 
lyin|)haties of, 775 
veiiWPof. 744 
Arnold’s nerv(‘, 035 
Arrec tores pilorum, 70 
Artoria centralis retime, 648, 
1024 

hyaloidea, 131 
niagna halMoi.^. 722 
prineeps cervicis, 634 
Art^v^ia^ proprije rciiales, 1187 
iveeptaculi, 646 
rectos, 1180 

Arterial mesocardiuin. (iOO 
Abterifs, Jlifftology o/, 55 
anastomoses of, 617 
applied anatomy of, 617 
development of, 141 
distribution of, 617 
mode of division, 017 
of origin of branches, 617 
nervc's of, 57 
sheaths of, 56 
Btnicture of, 55 
subdivision of, 617 , 

systeinie, 617 

Arteries or Artkrv, Dcacrip - 
live Auaktniy oJ\ 617 
accessory pudie, 701 
acromio- thoracic, 670 
alar thoracic., 670 
alveolar. 639 
anastomotic branch of 
sciatic, 704 

aiiaslomotica niagna, of 
hrachial, 674 
of fcmoj'al, 7 1 5 
angular, 633 
^anterior eoi*ehral, 648 
choi’oidal, 652 
ciliary, 648 
eircumllex. 671 
conimuiiicaling, 648 
dental, 640 
inferior cerebellar, 6<>I 
intercostal, 665 
internal frontal, 648 
spinal, 660 

tibial, 719 ^ i 

antero-lateral ganglionic, 650 
antero-mediaii ganglionic,' 
648 

aoita, 619 
abdominal, 685 


Arteries or Artery ( cont ) 
aorta, arch of, 620 
ascending, 619 
descending, 682 
thoracic, 682 
ap]iendi('ular, 692 
articular, of knee, 718 
ascending cervical, 662 
frontal, 651 
parietal, 661 
pharyngeal, 636 
auditory, 661 
auricular, anterior, 636 
deep, 638 
of occipital, 634 
]X)st.crior, 635 
right, of heart, 620 
axillary, 667 
azygos, c»f kmu*, 718 
basilar, 661 
brachial, 671 * 

brafduo-ccphalic, 623 
bronchial, 684 
buccal, t)39 
of bulb, 703 
bulhar, 661 

csocal, of ileo-eolic, 692 
calcanean, external, 724 
inti^mal, 724 
carotid, common, 625 
external, 628 
inteiiial, 643 

carpal, anUTior radial. 677 
posterior radial. 677 
anterior ulnar, 681 
pt)sterior ulnar, 081 
carpal arch, anterior, 677 
X)osterioi^77, 681 
central, of letina, 648 
cerobc-llar, anterior inferior, 
661 

posterior inferior, 601 
superior, 661 
cerebral, 648, 650, 6(»1 
of cerebral haprnorrhage. 651 
cer^ ical, ascending, 6(i2 
}ninceps, 634 
fU'ofunda, (>(>5 
sujH'rhcial, 663 
transverse, 662 
clioroidal, anterior, 652 
IKjsterior, 661 
ciliary, 648 
circle of Willis, 652 
circumflex, of arm, 670. (571 
iliac, doei>, 707 
sufjorfleial, 713 
external, of thigh, 714 
internal, of tlijgh, 714 
eocevgeal branch of sciatic, 
704 

cochlear, 1058 
cculiac axis, 688 
colic, left, 693 
middle, 692 
right, 692 

comes nervi ischiadiei, 704 
mediani, 681 
phreniei, 663 
common carotid, 625 
iliac, 696 

communicating, of anUu'ior 
cerebral, 648 
of dorsklis pedis, 722 
of posterior cen^bral, 652 
coronary, of heart, 620 


Arteries or Artery ( cont ) 
coronary of lip, 633 
of stomach, 688 
of corpus cavomosuin, 703 
ci’emasteric, 706 
crico-thyroid, 630 
cystic, 690 
deep auricular, 638 
branch of ulnar, 681 
cervical, 665 
oiicumflcx iliac, 707 
epigastric, 706 
external pudic, 713 
palmar arch, 676 
temporal, 639 
dental, anteiioi’, 640 
inferior, 639 
2>osterior, 639 
descending aorta, <>82 
coronary, 020 
palatiiu', 640 
digital, palmar, 681 
plantar, 726 
. of ulnar, 681 
<1orsal, of ])enis, 703 
dorsales lingiisn, 630 
dorsalis liallueis, 722 
indicis, 677 
pedis, 721 
])olli(;is, 677 
Hea]mlaj, 670 
cpigasti’ie, deep, 706 
BU])erficial, 713 
superior, (>65 
ethmoidal, 647 
ext.(‘j*nal earutid. 628 
circumflex, 714 
iliac, 705 
maxillary, 631 
plantar. 725 
pudic, (l(‘ep, 713 
suj)errK!ial, 713 
facial, 631 

transverse, 636 
femoral, 707 
frontal, 648 

ganglionic, an tero-lat eiJil, 650 
antero-meilian, 648 
postero-latiu’al, 661 
postero-iuedian, 661 
(Gasserian, 646 
gastric, 688 
gast ru-duudenal, 689 
gasti’o-epif>loic, <right, 690 
left, 690 
glut.eal, 704 

lucmorrhoidal, inferior, 701 
middle, 699 
sujierior, 694 
helicine, f214 
hepatic, 688 

hypogastric, in feetus, 014 
ileal of ileo-colic, 692 
ilco-Golie, 692 
iliac, common, 696 
external, 705 
internal, 698 
ilio-lumbar, 704 
inferior articular of knee, 718 
cerebellar, anterior, 661 
posterior, 661 
dental, 639 
oxtomal frontal, 651 
* lisonfbrrhoidal, 701 
internal frontal, 648 
labial, 633 
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Arteries or Artery {cont.) 
inferior laryngeal, 662 
mesenteric, 693 
panoieatico-duodonal, 691 
profunda, 674 
thyroid, 662 
infrahyoid, 629 
infraorbital, (i39 
innominate, 623 
intercostal, 684 
anteiior, 665 
superior, 665 > 

interlobular, of kidney, 1188 
internal aiiditory, 661, 1058 
carotid, 643 
iliac, 698 
mammary, 663 
maxillary, 637 
plantar, 724 
pudio, 701 

interosseous, of font, 722 
of hand, 677, 678 
ulnar, 080 
inteatini t(‘uuis, 691 
labial, inferior, 633 
of labyrinth, 1058 j ; 

laehrymal, 647 i 

lateral nasal, 633 ; 

sacral, 704 
lingual, 630 
lon-r i;iliary, 618 
thoracic. 670 
of lower extremity, 707 
lumbar, 605 
niagna hallucis. 722 
malar, 617 
malleolar, 721 
mammary, internal, 663 
marginal, 620 
inasseterie, 63!) 
mastoid, 635 
maxillary, <*xt.enial, 631 
iiitc'j'jiul, 637 

mediastinal, from aorta, 684 
from internal inarnmary, 
664 

meningeal, anterior, 646 
inuldle, 638 
from oeeipital, tl34 
from pliaryngeal, 036 
small, 639 
from x^ertebral, 660 
inese,iit,erie, inferior, (593 
sn period 690 
iiK'tatarsal, 722 
middle ceieJjral, 650 
luemorrhoidal, 699 
internal frontal. 648 
meningeal, 6,*^ 
saeral, 696 

m ij sc iilo-]diron ie, 665 
inylo-hyoid, 639 
TUisal, of ophthalmic, 048 
of nasal septum, inferior, 
633 

iiaso-palatiue, 640 
nutrient, of femur, 715 
of fibula, 724 
of humerus, 674 
of tibia, 724 
obturator, 700 
occipital, 634 
ccsophageal of itifeiior ^ 
thyroid, 602 
of aorta, 684 
ophthalmic, 647 


Arteries or Artery (cont) 
ovarian, 695 
palatine, ascending, 632 
descending, 640 
of jrharyngeal, 635 I 

palmar arch, deep, 676 
suix^rficial, 681 
interosseous, 678 
palpebral, 647 
})aiiorcatic, of splenic, 690 
pancrcatieo-duodenal, in- , 
ferior, 691 
superior, 690 
paricto-tcmporal, 652 
perforating, of foot, 726 , 

of hand, 678 

of internal mammary, 665 
of thiirh, 714 i 

pericardia(\ 664. 684 
perineal, ^iijM*rfieial, 701 
transverse, 702 
peroneal, 723 

ant.^rior, 724 ■' 

l)08teiioT, 724 ! 

phaiy^ngeal, asciendiiig. 635 
phrenic, inferior, 695 ; 

8ii])erior, 685 I 

pituitary. 646 

Ijlantar, 724, 725 | 

popliteal, 716 
Ijosterior auricular, 635 
cerebral, 661 
cireumflex. 670 
(.ommunicating, 662 
dental, (i39 

inferior eerolK‘llai% 661 
internal frontal, 649 
meningeal’, ^Fpnv vertebral, 
600 

scapular, 663 
libial, 722 
pre V ert ebral, 635 
prin(5(‘ps eervicis, 634 
])ollicis, 077 

})rofiijKla, of arm, inferior, 
074 

superior, 673 
cer\ icis, 665 
femoris, 713 
of ulnar, 681 
plerygfiid, 639 
j)teiygo-j)alatino, 640 
pudie, deep external, 713 
internal, in female, 703 
in male, 701 
su])ej’lieial extci-nal, 703 
pulmonary, 618 • 
pyloric, 689 
radial, 675 
recurrent, 677 
cai*]»nl, 677 
j-adialis mdicis, 678 
ranine, 631 

recujTcnt interosseous, 681 
of hand, 678 
radial, 677 
tibial, anterior, 721 
posterior, 721 
idiiar, anterior, 679 
posterior, 679 

renal, 694 m, 

inferior, 1187 

sacral, lateral, 704 ’ 

middle, 090 

scapular, posterior, 663 i 

sciatic, 703 I 
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Arteries or Artery (cont,) 
short ciliary, 648 
sigmoid, 693 
small meningeal, 639 
spermatic, 694 
S]>heno-palatine, 640 
spinal, anterior, 660 
])osterior, 660 
splenic, 690 
sterna], 664 

Bterno-mastoid, 630, 634 
stylo-mastoid, 635 
subclavian, 654 
subcostal, 685 
sublingual, 630 
submaxillaiy, 633 
Bubmcntal, 633 
subscapular, 670 
superficial cervical, 663 
circumflex iliac, 713 
epigastric, 713 
external pndie, 713 
palmar arch, f>81 
]>eriiical, 701 
temporal, 63t) • 

Buporhcialis voice, 677 
sujierior articular o+‘ knee, 
718 

cerebellar, (Mil 
e]>igastric, fi65 
fibular, 7^1 * 
hiemoiThoidal, 694 
intercostal, 665 • 

laryngeal, 630 
me.B(‘nteric, t)90 
phrenicj, 685 
})rofunda, 673 
tlioraeic. 669 
thyroid, 62!) 
supra-aeromial, 662 
suprahyoid, 630 
supraorbital, ti47 
suprarenal, 694 
Bij prase apular, ti()2 
suprasternal, 66? 
sural, 719 
tarSR], 722 

temporal, anterior, 636 
deep, ()39 
middle, 636 

of middle eerebrnl, 652 
])o,slerior, 63() 
sii[)eilioia1, 636 
thoracic, aeromio-, 670 
alar, (>70 
aorta, tiK2 
long, 670 
superior, 6t)9 
thyreoidea iina, 024 
thyroid axis, 662 

inferior, 662 • 

superior, 629 
tibial, anterior. 719 
posterior, 722 
recurrent, 721 
tonsillar, 633 
transverse cervical, 662 
coronary, 620 
facial, 636 
Cj| the trunk, (>82 
tympanic, from internal 
carotid, 646 

from internal maxillary, 
638 

ulnar, 678 

recurrent, anterior, 079 
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Abtbries or Artery (coni.) 
ulnar, recurrent, posterior, 
679 

umbilical, in foetus, 614 
of upper extremity, 654 
uterine, 699 
vaginal, 700 
of vas deferens, 699 
vasa aberrantia, of arm, 672 
brevia, 690 
intestini tenuis, 691 
vertebral, 659 
vesical, inferior, 699 
middle, 699 
superior, 699 
vestibular, 1001 
Vidian, of internal maxillary, 
640 

of ophthalmic, 646 
Arthrodia, 370 

Articular arteries from popli- 
teal, 718 
cartilage, 22 
end bulbs, 50 
lamTMa of bone, 366 
processes of vertebrie, 183 
synovial membranes, 367 
Articitlatidns, 36(i 
acromio-clavicular, 401 
ankle, 440 

astragalo-iiavirular, 445 
atlant()-axial, 377 
caicarico-astragaloid, 444 
calcanco-cuboid. 44(i 
calcaneo-navicular, 447 
carpal, 416 

oarpo-metacarpal, 420 
chondro-stcrnal, 388 
classidcation of, 368 
coccygeal, 396 
condyloid, 370 
costo-central, 386 
costo-chondral,. 390 
costo-traiisverse, 380 
costo-vcrtebral, 385 
cuboideo-navicular, 448 
cuneo-cuboid, 448 
ciinco-navicular, 447 
elbow, 409 
hip, 423 
immovable, 308 
intoroentral, 373 
intercunciforra, 448 
intermetacarjial, 422 
intermetatarsal, 450 
intemeural, 375 
interphalangeal, 242, 451 
intcrtarsal, 444 
knee, 430 
of larynx, 1063 
Inetacarpo-phalangeal, 422 
metatarso-phalangeal, 451 
mixed, 369 
movable, 369 
movements of, 370 
occipito-atlantal, 380 
OGcipito-axial, 382 
of pelvis, 393 

with vertebral column, 392 
pubic, 396 ( 

radio-oarpal, 415 ' 

radio-ulnar, inferior, 414 ^ 

superior, 413 

by reciprocal receptipn, 370 i 
sacro-ooocygeal, 396 
sacro-iliac, 393 


Articulations (coni.) 
sacro-vcrtobral, 392 
shoulder, 404 
stemo-clavicular, 399 
of sternum, 390 
tarsal, 444 

tarso-metatarsal, 449 
temporo-mandibular, 382 
tibio-fibular, inferior, 440 
middle, 439 
superior, 439 
of trunk, 372 
of vertebral column, 372 
with cranium, 380 
with pelvis, 392 
wrist, 415 

Aryepiglotticus, 1068 
Aryteno-epiglottic folds, 1066 
Arytenoid cartilages, 1061 
glands, 1069 , 

muscle, 1068 

Ascending aorta, 611) :■ 

cervical artery, 0p2 
colon, 1151 
front^ artery, 651 
lumbar vein, 759 
palatine artery, 632 
pharyngeal artery, 635 

applied anatomy of, 636 
Association fibres of cerebral 
hemispheres, 878 
neurons, 801 
Asterion, 279 

Astragalo - navicular liga- 
ment, 445 
Astragalus, 353 
ussilicaiion of, 362 
Atlanto-axial articulation, 377 
Atlas, 185 . 
development of, 103 ^ 

ossification of, 196 
Atrium of bronchi, 1080 
of nasal fossa, 1005 
of tympanic cavity, 1039 
Attic or epi tympanic recess, 
220, 1039 

Attoll(?ns auriculain muscle, 
459 

Attraction particle, or centro- 
some, 4 

sphere, or centrosphere, 4 
Attrahens auriculam muscle, 
450 

Auditory artery, 661 
canal, 1037 

meatus, external, 230, 1037 
devflopmcnt of, 134 
lymphatic vessels of, 
769 

relations of, 1038 
internal, 227 
nerve, 927, 1058 
applied anatomy of, 929 i 
nuclei, 825 | 

ossicles, development of, 134| 
process, external, 229 
teeth, of Husohke, 1055 j 
veins, 1068 ' 

vesicle, 133 

Auerbach’s plexus, 1148 
Auricle of heart, appendix 
of, 680 

principal cavity of, 608 
primitive, 139 
loft, 608 
right, 604 


Auricle of heart, right, open- 
ings in, 604 
sinus venosus c^, 604 
valves in, 604 
' Auricula of ear, 1035 
cartilage of, 1036 
ligaments of, 1036 
muscles of, 1036 
vessels and nerves of, 1036 
Auricular artery, anterior, 636 
deep, 638 
of occipital, 634 
I posterior, 635 
' canal, 139 
fissure, 228 
nerve, anterior, 916 
great, 950 

posterior, from facial, 925 
of vagus, 935 
point, 279 

surface of Uiuni, 322 
of sacrum, 193 
vein, posterior, 731 
Auriciilo-temporal nerve, 916 
Auriculo-ventricular bundle of 
His, 611 

groove of heart, G02 
opening, left, 609 
right, (>06 

Auscultation, triangle of, 492 
Axes of pelvis, 329 
Axial filament of spermatozoim, 
82 

Axilla, 666 

applied anatomy of, ()6C 
fascia of, 529 
lymphatic glands of, 773 
Axillary arch, 490 
artery, 667 

applied anatomy of, 668 
blanches of, 669 
surface marking of, 668 
lympliatic glands, 773 
vein, 747 

applied anatomy of, 747 
Axis, cerebro-spinal, 703 
copliac, 688 
optica, 1011 
vertebra, 186 
development of, 104 
ossification of, 196 
thyroid, 662 

Axis-cylinder of nerve-fibre, 45 
process, 44 ® 

of Purkinje, 45 
Axon of nervo-cells, 44 
Azygos arteries of vagina, 700 
artery, articular, 718 
uvulas mi^cle, 484 
veins, 750 

Back, muscles of, fifth layer, 
497 

first layer, 489 
fourth layer, 494 
second layer, 492 
third layer, 493 
Baillargor, band of, 873 
inner, 880 
outer, 880 

Balbiani, body of, 79 
Ball-and-socket joint, 370 
Bfknd of ^aillarger, 873 
inner, 880 
outer, 880 
of Bechterew, 881 



Band of Gennari, 880 
of (Macomini, 804 
ilio-tibial, 567 
moderator, 607 
of Vicq d’Azyr, 882 
Bare area of liver, 1123 
Bartholin, duct of, 1111 
glands of, 1232 
Basal column, posterior, 804 
knobs of Engclmann, 14 
lamina, 117 

optic nucleus of Meynert, 861 
plate of decidua, 100 
ridge, or cingulum of tooth, 
1094 

Base of sacrum, 193 

of skull, inferior surface, 262 
upper surface, 271 
Basement membranes, 20 
Basi-hyal of hyoid bone, 260 
Basilar artery, 661 
groove, 217 
process. 216 
Basilic vein, 746 
Basion, 270 

Basket cells of cerebellum, 833 
Bauhin. valve of, 1083 
Bechterew, band of, 881 
nu(deus of, 825 
Bell, external respiratory 
nerve of, 965 
Bend of (‘Ibow, 072 
Bet/., giant ticUs of, 881 
Bicejis flexor cruris muscle, 577 
llcxor cubiti muscle, 537 
Bicipital fascia, 538 
groove, 205 
ridges, 295 
tuberosity, 306 
Bicuspid teeth, 1095 
valve, 609 

Bigelow, Y-shaped ligament of, , 
425 

Bile ducts, 1171. 1172 
structure of, 1171 
Bipolar cells of retina, 1021- 
Bird’s nest of cerebellum, 829 
Biventer ccrvicis muscle, 497 
Biventral lobes, 829 
Bladuek, 1193 
aijplied anatomy of, 1199 
in child, 1195 i 

development of, 176 I 

distendeef, 1194 
empty, 1194 ! 

female, 1190 

interior of, 1198 ' 

ligaments of, 1196 
lymphatic vessfls of, 788 j 
structure of, 1197 i 

surface form of, 1198 I 

trigone of, 1198 , 

vessels and nerves of, 1196 
Blandin, glands of, 1106 ! 

Blastodermic vesicle, 85 i 

Blastopore, 86 • 

Blood, General Composition 
of,l 

circulation of, in adult, 597 
in fcBtuB, 136, 614 
coagulation of, 10 
corpuscles, 7 

crystals, 11 , ^ 

development of, 136 
plasma of, 10 
platelets, 9 
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Blood-corpusoles^ origin of, 9, 
135 

Blood-islands, 135 
I Blood -sinuses, maternal, 99 
Blood-vessels of brain, 662 
Bochdalek, cornucopia of, 836 
ganglion of, 912 
Bodies, aortic, of Zuckerkandl, 
1248 

Malpighian, of kidney, 1185 
of spleen, 1242 
Pacchionian, 898 
polar, 80 

Body/ ano-coccygeal, 1156 
of Balbiani, 79 
carotid, 1247 
coccygeal, 1247 
of lateral ventricle, 867 
olivary, 813 
of penis» 1214 
perineal, 1165 
ol stomach, 1134 
rest.^’orm, 815 

thyroid, 1235 ! 

of a ^ooth, 1093 
of the uterus, 1223 
of a vertebra, 183 I 

vitreous, 1026 
Body-cavity or coelom, 91 
Body-sta.lk of mesoderm, 95 
Bone, Histology of, 24 
animal constituent of. 29 
articular lamella of, 366 
canaliculi of, 29 
cancellous tissue of, 24 
cells, 29 

chemical eoniposition of, 
29 

compact tissue of, 24 
development of, 30 
diplof* of, 182 

earthy constituent of, 30 , 

erainenocs and depressions ! 
of, 182 

Haversian canals of, 27 
systems of, 27 
lacunae of, 29 
lamellae of, 28 
lymphatics of, 27 
marrow of, 25 
medullary canal of, 181 
membrane of, 25 
nerv^es of, 27 
Qssiheation of, ,30 
perforating fibres of, 28 
periosteum of, 25 
vessels of, 20 * 

Bones, classes of, viz. long, 
Hat, mixed or irregular, 
short, 181 

number of, in the body, 181 
Bones ob Bone, Descriptive' 
Anatomy of, 181 
of arm, 286 
astragalus, 353 
atlas, 185 ; 

axis, 186 
carpal, 311 
clavicle, 286 
coccyx, 194 

cranial, 214 • ' 

cuboid, 354 ^ 

cuneiform, of carpus, 312 
of tarsus, 356 

of ear, 1043 ' 

ethmoid, 238 
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, Bones ob Bone (conU) 

I facial, 241 
I femur, .332 
' Hbula, 347 
of foot, 349 
frontal. 220 
of hand. 31 1 
huineniH. 295 
hyoid, 260 
ilium, 320 
incus, 1044 

inferior maxillary, 255 
turbinated, 253 
innominate, 320 
interparietal, 217 
ischium, 323 
laclirymal, 247 
of leg, 320 

lesser lachrymal, 248 
malar, 248 
malleus, 1043 
mandible, 255 
maxilla, 242 
maxillary, inferior, 255 
superior, 242 ^ 

metacarx>al, 315 
metatarsal, 358 
nasal, 241 

of nose, outer, 1002 
navicular, .3,55 
occipital, £14 
orbicular. 1044 
08 colcis, 349 • 

magnum, 314 
palate, 250 
parietal, 218 
patella, 341 
pelvic, .327 

phalanges of foot, 361 
of hand, 318 
pisiform, 31.3 
pubis, 324 
radius, 306 
ribs, 206 
sacrum, 191 
scaphoid, 311 
scapula, 288 
semilunar, 312 
sesamoid, 364 
sphenoid, 232 
sphenoidal turbinated, 236 
stapes, 1044 
sternum, 203 
superior maxillary, 242 
tarsal, 349 
t/emporol, 22.3 
tibia, 343 
trapezium, 313 
trapezoid, 313 
triquetral, 240 
turbinated, inferior, 26^ 
sphenoidal, 236 
ulna, 301 
unciform, 314 
vertebra prominens, 187 
vertebra?, cervical, 184 
lumbar, 190 
thoracic, or dorsal, 187 
vomer, 254 
JVormian, 240 
zygomatic, 248 
Bowman, glands of, 1007 
lamina elastica anterior of, 
1014 

sarcous elements of, 35 
Bowman's cai^sule, 1185 
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Braohia of oorpoia quadri- 
gemina, 843 
Brachial arteiy, (571 

applied anatomy of, 672 
branches of, 673 
peculiarities of, 672 
surface marking of, 672 
plexus, 953 

applied anatomy of, 965 
veins. 747 

Braohialis anticus muscle, 
538 

Brachio-oephalic veins, 747 
Braohio-radialis muscle, 545 
Buain, Hiatohgy of, 47 
development of, 118 
divisions of, 810 
hemisplieres of, 854 
lobes of, 857 
meninges of. 802 
veins of, 736 , 
weight of, SSl 
Brain -sand, 849 
Breasts, 1232 

devrttopmenl of, 115 
Bregma, 279 

Bregmatic fontanelle, 277 
Bridge of nose,, 1002 
Brim of pelvis, 327 
Broad ligaments of uterus, 
1225' c. 

formation of, 1124 
Brooif, area of, 864 
convolution of, 859 
diagonal band of, 864 
limbie lobe of, 862 
Bronchi, let I, 1070 

changes in slruelure of, 
in lung. 1086 
divisions of, J084 
right, 1070 

Bronchial arteries. 684 
veins, 750 

Broncho-mediastinal trunk', 
left, 792 
right, 702 

Bruch, membrane of, lO^O 
Brunner’s glands, 1146 
Br^^aiit's triangle, 428 
Buccal art/f;rics, (530 
glands, 1090 
lymphatic glands, 768 
nerve of facial. 926 

long, of inferior iiuixillaiy, 
915 

Buccinator muscle, 467 
Buoco-})haryngeal area, 87 
fascia, 473 

Bulb, or medulla oblongata, 
811 

ilftery of, 703 

of corpus cavornosuni, 1212 
8j)ongiosiim, 1213 
of internal jugular vein, 
733 

of cBsophagus, 1117 
olfactory, 864, S83 
of the posterior horn. 867 
Bulbar arUaies, 661 

j)ortion of sjnnol accessory 
nerve. 938 

Bulbous portion of urethra, 
1201 

Bulbus cordis, 137 
vostibiili, 1231 
Bulla ethmoidalis, 276, 1(X)4 


[ Bundle of Vioq d’Azyr, 850, 
875 

' oval, 1 17 
Burdoch’s trard, 807 
Burns’ space, 473 
Bursa omentalis, 158 
pharyngoa, 1114 
BursiP of knee, 435 
of (ilutcus maximus, 574 
mucosae, 367 
of shoidder, 405 
synovise, 367 

Bursal synovial membranes, 
; 367 


I OdKial arteries. 692 
; Cacoum, 1149 
j lymphatic vessels of, 785 
■ Oalamus scriptoriuj^, 837 
' Calcanean art-erics, external, 
i 724 

internal, 724 
facets. 354 
nerve, internal, 982 
Calcaneo-ast ragaloid ligaments, 
444 

(Aalcaiico-ouboid ligaments. 446 
Calcaneo- iiav ic ular Jiganicnts, 
447 

(Calcar avis, 860, 867 
femoralc. 339 
Calcarine fissure, 857 
Callosal convolution, 81)3 
fissure, 863 

(^-alloso-niarginal fissure, 857 
Calyces of kidney, 1183 
(hamper, fascia of, 50t) 
(-atuiliculi of bom*, 29 
Canalis centralis cochlcjc, 227 
hyaloideus. 131, 1025 
jvuiiiens of Hensen, 1053 
spiralis modioli, 1050 
Canals ok Can\l — 
ac(;essi»ry palatine, 252 
A1<‘<icU’b, ,518 
alimentary, 1088 
foj' Arnold’s nerve, 228 
auditory, 1037 
carotid, 228 

cranio -pharyngeal, 155, 237 
crural, 708 
detital anterior, 243 
inferior, 257 
middle. 243 
posterior, 242 
ethmoidaV 222 
Haversian, of bone, 27 
of Huguier, 224, 1(440 
Hunter’s, 710 
infraorbital, 243 
inguinal or spermatic, 1204 
for .facobson’s nerve, 228 
lachrymal, 1032 
malar, 248 
neural, 89 
ncureiitcric, 89 
of Nuck, 175, 1225 
jjalatiiie, aceessory, 252 
anterior, 246 
« ])ost-erior, 244, 251 
of t*etit, 1025 
‘ ptcrygo-xialatiiic, 236 
of Sohlemm, 1014 
semicircular, bony, 1048 
membranous, 1053 


Canals oii Canal {conU) 
spermatic, 1204 
of spinal cord, 800 “ 
spiral of modiolus, 1050 
for tensor tymy)ani muscle, 
229, 1042 
vertebral, 200 
Vidian, 236 
of Wirsung, 1178 
Cancellous tissue of bone, 24 
Canine eminence, 242 
fossa, 242 
teeth, 1094 

Canthi of eyelids, 1 029 
Cap of Broca, 859 
Capillaries, 57 
structure of, 58 
Oajntcillum of humerus, 298 
Capsula adiposa of kidney, 1183 
extrema of brain, 873 
Ca2>sule of Bowman, 1 1 85 
of brain, oxterntri, 874 
internal, 873 
fibrous of kidney, 1 1 83 
of (tlisson, 1168 
of lens, 1025 
of Tenon, 1010 
Caput eteeum etdi, 1149 
gallinaginis, 1200 
(Jardiac (iycle. 612 

ganglion of VVrisberg, 990 
glands of stomach, 1 13S 
lymphatics, 792 
muscular tissue, 41 
nerves from piieuiuogastric, 
!)36 

from sympathetic, 992 993 
orifice ot stomach, 1 133 
plcvuses of ncrvi!S, 996 
veins. 728 

Cardinal veins, fmtal, 146 ‘ 
Carotico-clinoid foramen, 235 
ligament, 237 

(’arotico-tyiii])aruc nerve, 900 
Carotid arch, 142 
artery, common, (>25 

applied anatomy of, 
627 

branches of (oeeasional), 
627 

]K*euIiai ities of, 626 
surface marking of, 627 
external, 628 

applied anaVmiy of, 629 
branches of, (>29 
surfae.c marking of, 629 
internal, 643 
applied anatomy, 045 
braiujties of, 64() 
peculiarities of, 645 
body, 626, 1247 
eunal, 228 
ganglion, 990 
groove, 233 

nerves from gJosso-pharyn- 
geal, 932 
iJoxus, 9!t0 
triangle, inferior, 641 
superior, 641 
tul)erclc, J85 

Carpal arch, anterior, (>77 
Ijosterior, 681 
ijrtcries^froin radial, 677 
from ulnar. 681 
bones, 31 J 
ligaments, 417 
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Carpo - metacarpal articula- 
tions, 420 
Carpus, 311 

applied anatomy of, 320 
articulations of, 417 
ossification of, 319 
surface form of, 319 
Cautilaok, Histology of, 21 
articular, 22 
cellular, 21 
costal, 22 
cricoid, 1061 
of oar, ] 030 
ousiform, 204 
of epiglottis, 1062 
epiphysial, 31 
cthmo- vomerine, 2.')5 
hyaline, 21 
iiitratliyroid, 1060 
of Jacobson, 1005 
permanent, 21 
of the piniM, 1036 
of sepliUij) of nose, 1003 
temporary, 21 
thyroid, lOoi) 
while fibre-, 23 
xi]>lioid, 204 
yellow elastic, 24 
Carlildgo cells, 22 
lacunic, 22 

Cartilages, arytenoid, 1061 
of bronchi, 108(i 
costal, 2Jl 
cuneifojiii, 1001 
of larynx, 1059 
Meckel’s, 108, 268 
of the nose, 1002 
parachordal, 106 
of iSaiitoriiii, 1061 
semilunar of knoo, 131 
of trachea, 1072 
of W'risherg, 1061 
Oil rlilagi lies aliires ininorcs, 
1003 

Oartilaginous ear ciqisule, 106 
vertebral column, 103 
(brtilago tritice*a, 1063 
C.n uiioula hierinialis, 1031 
Cariineula* hymeneales, 1231 
(■iiiida equina, 797 
fielieis, 1036 

(.iaudal fold of embryo, 92 
Caudate nucleus, 871 
(Hva, inferiof. 758 
pc'cidiarities, 759 
superior, 748 

Cavernous nerves of penis, 1000 
plexus. 990 
sinus(‘s, 740 ^ 

ajqdied anatomy of, 741 
nerves in, 921 
Cavity, nmniotic, 93 
body, or cmloiii. 91 
cotyloid, 325 
glenoid, 292 
of larynx, 1065 
of pelvis, 328 
jieritoncal, 1122 
sigmoid,* of radius, 307 
greater, of ulna, 304 
lesser, of ulna, 304 
of thorax, 598 
tympanic, 1039 , , 

of uterus, 1224 
Cavuiu concha*, 1035 
Mee-kelii, 906 


Cavum oris proprium, 1089 
septi pellucid!, 877 
Cell, animal, 3 ^ 

definition of, 3 
division of, direct, 7 i 

indirect, 4 i 

nucleus of, 4 

reproduction of, 4 ' 

structure of, 3 ' 

Cell- mass, inner, of ovum, 85 
intermediate, 90 
Cell-waU, 7 
Colls of bone, 29 

contro-acinar, of Langerhans, 
1179 

chaliec, 13 
clironiaffin, 1246 
of Claudius, 1057 
ofDpitoi-s, J056 
of Dogiel, 942 
onamcl, JiuL 
ethmoidal, 239 
fat, 17 

germinal, 115 
giant, 26 
of Beiz, 881 
goblet, 13 
of Golgi, 881 
gustatory, 1001 
of Martiubtii, 881 
mastoid, 226 
nerve, 44 

nervc-cpitlielium, 52 
olfactory, 1007 
prioldc, 15 
of Purkinjc, 833 
of S(*rk)li, 1208 
of spinal ganglia, U12 
splenic, 1242 

supporting, of llcnacn, 1057 
wandering, 16 
(Cellular cariihige, 21 
Cement, intercellular, 4 
of ketli, 1098 

formation ot, 1102 
Central canal of cord. 800 
ganglionic system of arterieu, 
653 

grey matter of aqueduct of 
Sylvius, 814 
ligament of cord, 89!) 
tendinous point of perinamiu, 
524 

tendon of diapliragm, 503 
Centre, higher visual, 852 
of ossification, 31 
Centres of ossification, number 
of, 33 

lower visual, 852 
Centrifugal nerve-fibres, 4!) 
Centripetal nerve-fibres, 49 
Centro-acinar cells of Lauger- 
hans, 1179 
Centrosome, 4 

bodies of -spej uiatozoon, 82 
of ovum, 79 
Ccntrospherc, 4 
Centrum ovalo majus, 865 
minus, 865 
of vertebra, 183 
Cophalie Hexurc of embryoiiie 
brain, 119 
fohl of embryo, 92 
vein, 745 

af5Cf*ssuiy, 746 

’Cerato-hyai of hyoid bone, 261 


Cerebellar arteries, anterior 
inferior, 661 
posterior inferior, 60 1 
sujicrior, 661 
direct tract, 806 
. notches, 826 
veins, 737 

Cerehcllo-olivary tract, 820 
Cerebellum, 825 
applied anatomy of, 834 

devcloimient of, 120 ^ 

fibriB propria* of, 832 
great horizontal tissu'^e of, 
826 

grey matter of, 832 
hemispheres of, 826 
lamincc of, 832 
lobes of, 825 

I nucJi'us deiitatus, 834 

i peduncles of. 830, 831 

structure f)f, 830 
under surface of, 827 
upper surface of. 826 
I vermis of, 826 

I weight of, 834 « 

! white matter of, 830 

I Cerebral arteries, anterior, 648 
niifJdle, 650 
posterior, 661 
cortex, nerve-cells of, 881 
iverve-librgs 881 
special types of, 882 
sliucture of. 880 ^ 

hemis])heres, 854 

association libres of, 878 
hordi'is of, 855 
commissural libri'S of, 878 
convolutions, 856 
development of, 121 
fissures of, 856 
grey matter of, 879 
gyii of, 856 
iiitc‘rior of, 805 
lobes of, 857 
localisation of, S85 
])i)les of. 8,56 
jiryjeetiori libres of. 878 
structure of, 878 
sulci of, 856 
surfaces of, 855 
transverse* libres of, 878 
white matter of, 878 
tojiography, 885 
veins, 736, 737 
ventricles, 834, 852, 867 
vesicles, 118 

Cere hro-<)li vary tratd, 820 
(ferebro-s]>inal Haul, 897 
(leruminous gluiuls, 1038 
Cervical artery, ascending, 662 
suj)erli'*ial, 663 • 

transvers(‘, 662 
enlariiemciit ol spinal cord, 
798 

faseia, 471 

ganglion, infViior, 993 
middle, !)92 
superior, 9!)0 

lymphatic* glands, anterior, 
772 ■ 

I deep, 772 

applied anatomy of, 772 
• nerve, superficial or trans- 
verse, 950 
of facial. 927 
nerves. 945 
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Cervical nerves, anterior divi- 
sions of, 940 
posterior divisions of, 945 
cardiac, 936 
plexus, 949 
deep branches of, 953 
posterior, 946 
superficial branches of, 050 
rib, 187 

applied anatomy of, 210 
vertebrfc, 184 

Oervicalis ascendens muscle, 
496 

Cervicis prinoeps artery, 634 
profunda artery, 665 
Cervioo-cephalic ^rtion of 
sympathetic cor^. 990 
Oervico-facial nerve, 926 i 
Cervix uteri, 1224 
Chalice colls, 1 3 
Chambers of the eye, 1017 
Ciiassaignac's tubercle, 184 
Check ligaments, 382 
of eye, 1011 

Cheeku, structure of, 1090 
Chest, applied anatomy of, 212 
surface form of, 211 
Chiasma, or optic commissure, 
901 

Choarue, 277, 1004 
Cholesteriii, ‘7 ^ 

Chondrin, 24 
Oh^ndro-cranium, 105 
Clioiulro-glossiis muscle, 480 
Cliondro-miicoid, 24 
Ohondro-sternol ligaments, 388 
Chondro-xiphoid ligament, 390 
Chorda tympani nerve, 925 
Chordfie tendineaj, of left ven- 
tricle, 608 

of right ventricle, 606 
Willisii, 738 
Chordal furrow, 89 

portion of base of skull, 106 
Chorion, 97 
froiidosum, 97 
lieve, 97 , 

Chorionic villi, 97 
Choroid, 1014 
development of, 133 
plexus of fourth ventricle, 
836 

of lateral ventricle, 877 
of third ventricle, 852 
vein of brain, 737 
Choroidal arteries, anterior, 652 
posterior, 661 
hssure, 120, 877 
Ohromaiiin cells, 1246 
Chromatin, 4 
Ckromatolysis, 45 
Chromoplasm, 4 
Chromosomes, 5 
Chyle, 12, 703 
Chyliferous vessels, 763 
Cilia, or eyelashes, 1029 
Ciliary arteries, 648 
body, 1016 
muscle, 1016 
nerves, long, 910 
short, 911 ( 

processes of eye, 1016 
Ciliated epithelium, 13 * 

Cingulum, 863, 879 
of teeth, 1094 
Circle of Willis, 652 


I Circular 742 
Circulation of blood in adult, 
597 

1 in foetus, 614 

i Circulus major of iris, 648 
1 minor, 648 

! tonsillaris, 932 
' venosus of mamma, 1 234 
, Oircumcaecal fossae, 1 131 
‘ Circumduction, 370 
Circumferential tibro -cartilage, 

I 24 

Circumflex artery of arm, 
anterior, 671 
posterior, 672 

arteiy of thigh, external, 714 
internal, 714 
. iliao artery, deep, 707 
superhcial, 713 
vein, decip^ 755 
superficial, 752 
nerve, 966 

CiroumpateUar anastomosis. 
719 

Cisterna basalis, 896 
magno, 896 
pOntis, 896 

I CisU^rnae of arachnoid, 896 
Clarke's column, 803 
i Classification of joints, 368 
: Claudius, cells of, 1057 
Clauatrum, 873 

^ Clava of fascicidus gracilis, 814 
Clavicle, 286 

I applied anatomy of, 289 
ossification of, 288 
peculiarities in sexes, 288 
structure of, 288 
surface form of, 288 
Olavi-pectoraf fascia, 667 
' Cleft palate, 285 
, Clefts, visceral, 107 
f Clinging fibres of cerebellum, 
I 833 

Clinoid processes, anterior, 236 
! middle, 232 
])OBterior, 232 

Clitoridis, ^irseputium, 1231 
Clitoris, 1231 
frenulum of, 1231 
muscles of, 627 
Clivus, 233 

monticuli of cerebellum, 827 
, Cloaca, ectodermal, 161 
cntodermal, 161 
, Cloacal membrane, 161 
Cloquet,!^ mphaiic gland of, 776 
Clot, 10 

Coagulation of blood, 10 
Coccygeal artoiy, 704 
body, 1247 

nerve, anterior primary divi- 
sions of, 978 

posterior primaiy divisions 
of, 949 
plexus, 986 
Coccygcus muscle, 521 
Coccyx, 194 
ossification of, 198 
Cochlea, 1049 
aqueduct of, 228 
canalis spiridis of, 1050 
cupula of, 1049 

; hamulus lamince spiralis of, 
I 1051 

helicotrema, 1051 


Cochlea, lamina spiralis of, 
1051 

lamina spiralis secundaria, 
1061 

membranous canal of, 1053 
modiolus of, 1049 
nerves of, 1058 
Bcalse of, 1051 
veins of, 1068 
Cochlear arteiy, 1068 
nerve, 928, 1058 
Cochlear nuclei, 825 
root of eighth nerve, 928 
Cochleariform process, 229; 
1041 

Cosliac axis, 688 
plexus, 999 
Cemom, 91 

Cog-tooth of malleus, 1043 
Cohnheim, areas of, 38 
Colic, left, 693 
middle, 6!12 
right, 692 

Colic arteries of ilco-colic, 692 
Collateral circulation. See 
Applied Anatomy of each 
artery 

eminence, 871 
fissure, 857 

intercostal artery, 685 
OoUcctitig tubes of kidney, 
1186 

Colles, fas(^ia of, 500, 523 
Colliculus nervi optiei, 1020 
Colon, 1151 
ascending, 1151 
descending, 1152 
ho])atic fiexuro, 1151 
iliac, 1153 

lymphatic vessels of, 785 
pelvic, 1153 
splenic flexure of, 1153 
Colostrum corpuscles, 1233 
Coloured lines of Ketzius, 1018 
Coloured or red corpuscles, 7 
Colourless corpuscles, 8 
Column, vertebral, 182, 198 
Column a nasi, 1002 
Columiiae carneie of left ven- 
tricle, 609 

of right ventricle, 607 
Columnar epithelium, 13 
Columns of external abdominal 
ring, 508 ^ 

of Morgagni, 115(i 
of spinal qprd, 798 
of vagina, 1229 
Comes nervi ischiadici, 704 
nervi mqdiani, 681 
nervi phrenici, 663 
Comma tract, descending, 801 
Commissural fibres of brain, 
878 

Commissure of brain, anterior, 
127, 876 

middle or soft, 122 
posterior, 123 
superior, 849 
of Gudden, 901 
of labia majora, anterior, 
1231 

posterior, 1231 
r optic, *851, 901 
of prostate, anterior, 1216 
of spinal cord, grey, 800 
white, 800 
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Common bile duct, 1173 
lymphatics of, 787 
carotid artery, 625 
iliac artery, 696 
glands, 780 
veins, 758 

ligaments of vertebrse, 373 
Communioans peronei nerve, 
984 

tibialis nerve, 981 
Oommunicantes hypoglossi ' 
nerve, 952 

Communicating artery of brain, 
anterior, 648 i 

posterior, 652 j 

from dorsalis pedis, 722 i 

Compact tissue of bone, 24 | 

Comparison of bones of handi 
and foot, 362 I 

Complexus muscle, 497 
Compressor naris muscle, 464 
nariuin minor muscle, 464 
uretliraj musele, 526 i 

in female, 528 

Concha, 1035 i 

cavuni coiichae, 1035 

cjmba conchae, 1035 

Condvlar process of mandible, 
257 

Condyles of femur, 337 
mandible, 257 

Condyloid articulations, 370 
foramina, 216 
fossa, 216 

Cone of attraction of ovum, 83 
Cono-bii)olarH of I’etina, 1021 
Conc-granulos of retina, 1022 
Cones of retina, 1023 
influence of the sinuses, 740 
Congenital fissures in cranium, 
240 

hernia, 1160 
Coni vasculosi, 1209 
Conjoined tendon of internal 
obli(p]e and trarisversalis 
muscles, 512 
Conjunctiva, 1031 
Connecting tibro-cartiJages, 24 
Connective tissues, 15 
development of, 21 
lymphatics of, 21 
nerves of, 21 
vessels of, 21 

Connective- tfksue corpuscles, 
15 

(]!oimcctive tissqp of kidney, 
1189 

oxtra-peritonoal, 616 
Conoid ligament, 
tubercle, 287 

Constrictor muscle, inferior, 
482 

isthmi fauciiim muscle, 479 
muscle, middle, 483 
superior, 483 

urethrae muscle, in female, 
628 

in male, 526 

Contractile fibre-cells, 41 
Conus arteriosus, 606 
meduUaris, 795 

Convoluted tubes of kidney, 
1186 

tubular gland, 75 
Convolution of Broca, 859 
Convolutions, angular, 860 


Convolutions, asoei^diflg frontal Corpora mainillaria, 850 
or precentral, 858 quadrigemina, 843 

parietal or postcentral, hraebia of, 843 


860 
callosal. 863 

of cerebrum, topograpliy of, 
885 

cuneus, 860 
dentate, 864 
frontal, 858 
of Heschl, 861 
hippocampal, 863 
interior parietal, 860 
marginal, 859 
occipital, 861 

oocipito- temporal, 861, 862 
orbital, 859 
parietal, 860 
postcentral, 860 
postparietf^ 860 
precentral, 858 
precuneus, 860 
quadriito, 860 . 

superior parietal, 860 ; 

suprainrirginal, 860 • 

temporal, 8<il ! 

Cooper, ligament of, 510 •, 

Ooraco-acromial ligament, 403 
Ooraco-bracbialis muscle, 637 
Ooraco-clavicular ligament, 402 


Coraco-buincral ligament, 404 
Coracoid process, 293 
Cord, sper malic, 1205 
spinal, 795 
umbilical, 05 
Corium of mucous membrane, i 
74 

of skin, <>6 
Cornea, 1012 
Conical corpuscles, 1014 
spaces, 1014 
Cornicuk laryngis, 1061 
Cornua of the coccyx, 195 
of the hyoid bone, 261 
of the lateral ventricles, 867 
of the sacrum, 192 
of the spinal cord, 799 
of the thyroid cartilage, 1060 
Cornu Ammonia, 870 
Cornu-commissural tract, 807 
Cornucopia of Bochdalek, 836 
Corona glandis. 1213 
radiata of brain. 874 
of ovum, 79 
Coronal suture, 2J9 


structure of, 843 
; Corpus caUosum, 865 

development of, 127 
genu of, 866 
! rostrum of, 866 
splenium of, 866 
cavemosum, artery of, 703 
Highmori, 1207 
spongiosum, 1213 
striatum, 124, 871 
vein of, 737 
aubthalamicum, 850 
trapcKoidcuni, 824 
I Corxuiscle^lP coloured, 7 
' t colourless, 7 

development of, 185 
; origin of, 9 
colostrum, 1233 
connective-tissue, 1 5 
j genital, 50 
; of Herbst, 61 
I Pacinian, 61 • 

! tactile, 60 
j of Vater, 51n ;• 

Comigator eutis chi muscle, 
522 . 

supercini muscle, 460 


Cortex of corc^ellhm, 832 
of cerebrum, 880 
of kidney, 1184 • 

of Huprarcmal glands, 1246 
, Corti, ganglion of, 1050 
organ of, 1055 
rods of, 1056 
tunnel of, 1056 
Cortical arches, 1184 
; arteriitl systc'iu of brain, 654 
columns, 1184 
visual centre, 882 
j Corlico-i)ontinc fibres of cnista, 
839 

Cortico-striaie fibre -:, 873 


' Costal cartilages. 22, 211 
artiwilation witli ribs, 390 
process, 184 

Costo-central articulation, 386 
Costo-chond ral articulation , 
390 

Costo-clavicular ligament, 400 
Oosto-coracoid ligament, 531 
membrane, 530 

Costo-mediaBtinal sinus, 1077 

Coronary arteries of heart, 620 i Costo- transverse articulations. 


peculiarities*of, 620 
of lip, 633 

artery of stomach, 688 
ligament of liver, 1123 
ligaments of knee, 434 
lymphatic glands, 78J 
plexuses, 997 
smus, 728 

opening of, 604 
vein of stomach, 762 
veins of heart, 728 
Coronoid fossa. 298 
process of mandible, 257 
of ulna. 301 
Corpora Arantii, 607 

cavernosa olitoridis, 1231 
Tienis, 1212 
bulbs of, 1212 
. crura of, 1212 
geniculata, 848 


386 

I Costo-vertebral aiticulations, 
I 385 

I Cotyloid cavity, 325 

ligament/, 425 • 

; notch, 326 

I Coverings of direct inguinal 
I hernia, 1161 

of femoral hernia, 1161 
I of oblique inguinal hernia, 
1169 

of testes, 1203 
Cowper’s glands, 1218 
Cra^al bones, 214 
f fossa;, 27 1 
nerves, 899 

development of, 127 
eighth pair, 927 
eleventh, 937 
fifth, 906 
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Cranial nerves, first, 900 
fourth, 905 
ninth, 930 
seooiid, 901 
seventh, 922 
sixth, 920 
tenth, 933 
third, 903 
twelfth, 939 
IVaniology, 278 
Cranio-pharyngeal canal, 115, 
237 

Cranium, 213 
bones of, 214 
congenital fissures in, 240 
development of, 105 
Oremaster muscle, 51 1 
CrtMiiasterio artery, 70fi 
fascia, 512 

CiH'scentic lobe, anterior, 827 
|:)ost.erior, 827 

Crescents of (jlianuzzi, 1112 
Crest, frontal, 221 
of ilium, 323 
inqtvor, 240 
iirfratemj)oral, 234 
laclifynial, 248 
nasal, 24t) 
of bone, 242 
neuralT 89 
obturator,('325 
occijutal, 215‘ 

^inUu-iial, 210 
o*f xjubis, 325 
of spine uf.scapiila, 291 
suprainastoid, 223 
of til)ia, 314 

turbinated, of maxilla, 244, 
245 

of palat(‘, 251 
Cri i)rifornt fascia, -5(>0 
plat(‘ of ethmoid, 238 
(Jrico-arytonoid ligament, pos- 
tern »r, 1004 

( h’ico-ary t-enoideus lateralis 

muscle, 1008 
postieus muscle, 1008 
(h’ico-thyroid artery, ollO 
membrane, 1004 
muscle, 1(M>7 

Crico-trach(‘.il ligament, 1004 
Cricoid cartilage, 1001 
Crista basilaris, 1054 
fal(!if(^rmis, 227 
galli. 238 
lacrimalis, 245 
spbenoidalis, 233 
tcrminalis of Uis, 138, 004 
vest! bull, lt)48 

Crossed coiriniissuroil fibres, 801 
»,pyramidal tract, 805 
(U’own of a lootli, 1093 
Crucial anastomosis, 704, 714 
ligaments of knee, 432 
ridge of oeeijntal, 215 
(hMicaform ligani(‘nt, 378 
Crura cerebri, 838 
structure ol, 839 
of clitoris, 1 231 
of corpora cavernosa, 1212 
of diaphragm, 502 • , 

fora Lc is, 875 

(»f penis, 1212 • 

of stapes, 1041 . 

Crural arch, deep, 510; 708 
canal, 708 


INDEX 

Crural- nerve, anterior, 974 J 
ring, 708 , 

septum, 708 
Crureus muscle, 509 
Crus commune of semicircular' 
canals, 1049 
h(4icis, 1035 
laU'rale, 1003 
mediale, 1003 
penis, 1212 

superior and inferior, of 
transverse ligament, 378 
Crusta or pes, 839 
I^etrosa of teeth, 1098 
Crypts of Lieberkuhn, 1146‘ 
Crystalline lens, 1025 
development of, 129 
Crystals, blo^d, 11 
Cuboid bontS, 355 
Ouboideo-navicular • articula- 
tion, 448 

Oulmen uiontiouli of cere- ; 

bellum, 827 j 

Ourieatc fasciculus, 807 | 

nucleus, 814 
tubercle, 814 

Cuneiform bone, external, of 
foot, 358 i 

internal, of foot, 350 
middle, of foot, 357 
of hand, 312 
cartilages, 1001»^«, 
Ouneo-oubbiiA ailiculation, 448 
Cuneo-navicular artic ulation , 
447 

Cuneus, 800 
Cupula of eochlca, 1051 
("iir vatu res of stomach, 1133 , 

Curved lines of ilium, 320, 321 
of occipital, 214 
Curves of the vertebral column, 
198 

Cushion of epiglottis, 1062 
of Eustachian lube, 1114 
Cusps of bicuspid valve, 609 
of tricuspid valve, 606 
(Jutaneous nerve of thigh, 
external, 973 
internal, 975 
middle, 975 
Cuticle of skin, 64 
Cuticula dentis, 1101 
Cutis jdate, 102 
vera, 06 

Cuvier, ducts of, 140 
Cycle, cardiac, 012 
Cylindrical' epithelium, 13 
Cymba conchro, 1035 
Cystic artery, 690 ; 

duct, 1172 

2 )lexus of m;rvcs, 999 
v(un, 763 
Cy to blast, 86 
Cytoijlusin, 3 


Jlaciyon, 279 

Dangerous area of eyeball, 1028 
Dartos, 1204 

Darwin, tubercle of, 1035 
Daug]iU*-r chromosomes, 5 
skeins, 5 
Decidua, 97 
basalis, 99 
ca^isularis, 98 
{ilaccntaUs, 99 


I>ecidua vera, 99 
Decidual ceUs, 98 
Decussation of fillet, 817 
of optic nerves, 901 
of pyramids, 813 
Deep abdominal ring, 516 
auricular artery, 638 
cervical lymphatic glands, 
772 

crural arch, 516 
epigastric artery, 706 
vein, 755 

• external pudic artery, 713 
palmar arch, 676 
fascia, 552 

temporal artery, 639 
nerves, 915 

transverse fascia of leg, 583 
Degeneration, VV^allerian, 46, 
804 

Deglutition, 486 
Deiters, cells of, 1056 
nucleus of, 825 
Delimitation of embryo, 91 
Deltoid ligament, 441 
muscle, 534 
tubercle, 287 
tuberosity, 298 

Demilunes of Heidenhain, 1112 
Deinours, immibrane of, 1014 
Dendrites, 794 
Dendrons of nerve-cells, 45 
Dens sapientiaj, 1096 
Dental artery, anteiioj-, 640 
inferior, 639 
2 )Osteri()r, 639 
canal, aiiteiJor, 243 
inferior, 257 
middh', 243 
jioaferior, 242 
furrow, 1100 
germ, C'ommon, I0t)9 
special, 1100 
lamina, 1099 
nerves, inferior. 917 
suyierior, 912 
Ijul^), 1096 
sacs, 1101 

Dentate gyrus, S64 
fissure, St)3 

Dentinal tubules, 1097 
fibi’es, 1097 

sheath of Neumann, 1097 
Dentine, 1097 ‘ 

formation of, 1101 
secondary. 1099 
Depressions ^ foi* racchioniaii 
bodies, 218, 221 
Depressor nasi muscle, 464 
auguli oris muside, 460 
labii iiiferioris muscle, 466 
Dermal bones, 107 
Dermutoma, 102 
Dermic coat of hair follicle, 69 
Dermis, or true skin, 66 
Descjcmet, membrane of, 1014 
Descendens hy])oglossi nerve, 
940 

Descernding aorta, (>82 
cercbello-spinal tract, 805 
colon, 1153 
(;omma tract, 808 
cornu lateral ventricle, 868 
* palatine artery, 640 
Descent of testis, 173 
Detrusor urhne muscle, 1197 
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Deutoplasm, 79 

Development of adipose ». 
tissue, 18 

alimentai 7 canal and its 
appendages, 150 
arteries, 141 
atlas, 103 
axis, 104 
bone, 30 
brain, 118 

connective tissue, 21 
cranial nerves, 127 
cranium, 105 
Diai>hragrn, 107 
car, 133 
ethmoid, 107 

external organs of genera- 
tion, 175 
»ye. 128 
face, 110 
frontal bone, 107 
generative organs, l(i7 
glands of skin, 114 
heart. 137 
hyoid hone, 108 
joints, 114 
kidnev, 174 
limbs; 113 
]iv<‘r, 104 
lvin|)haties, 140 
mamma', 1 15 
iiioutU, 151 
nuiscle libres, 42 
muscles, 114 
nerve cells and libres, 47 
n(*r\ oils system, 115 
iios(‘, 110 
ovaries, 172 
[lulate, 1 1 1 
pancreas, 105 
parictes, 102 
jiericardiuin, 150 
permanent teeth, 1102 
pharynx, 155 
intuitary body, 155 
jdeurae, I (>7 
])rostate, 175 
respiratory organs, 100 
ribs, 104 

salivttiy glands, 153 
senhc organs, 1 15 
skeleton. 102 
skin, 1 14 
skull, 105 • 
sjiinal cord, 115 
spleen, lOti 
sternum, 104 * 
suprarenal glands, 100 
temporaiy teeth, 1000 
testis, 173 • 

thymus gland, 154 
thyroid l)ody, 154 
tongue, 153 
tonsils, 154 
urethra, 175 
urinary bladder, 175 
organs, 107 
vascular system, 135 
veins. 145 

vertebral column, 102 
visceral arches, 107 
vomer. 112 

Diagonal band of Broca, 864 

Diaphragm, 601 * • 

development of, 107 
lymphatics, v essels of, 790 


’ Diaphragm, pelvic, 517 
trefoil tendon of, 603 
Diaphragm a scllsB, 894 
I urogenitalc, 525 
Diaphragmatic lymphatic 
glands, 790 
I Diaphysis, 33 
Diarthrosis, 309 
Piaster, 5 

Dicncephalon, 122, 844 
Digastric fossa, 225 
muscle, 477 
nerve, from facdal, 925 
triangle, 042 

Digestion, organs of, 1088 
Digital arteries from palmar! 
arch, 681 j 

of anterior tllual, 984 ' 

of exttTnal iJantar, 984 
of mteriial plantar, 983 
fossa of epfdiclymis, 1206 
fossa of femur, 334 
nervet of museido-cutaneoiis, 
985 

of median, 9(>2 j 

of radial, 905 | 

of ulnar, 963 
sheaths of fingers, 552 
of toes, 589 
veins of hand, 745 
Dilatator naris anterior, 404 
posterior* 404 
pupillffi muficle,-‘.1018 
tubec, 1043 
Diplot'-, 182 
veins of. 735 

Direct cerebellar tiact of cord, 

, 800 

inguinal hi'mia, 1101 
course of, 1101 
I coverings of, 1101 

j lyramidal tract, 804 
Discharge of ovum, 1221 
Disc, interpubie, 397 
Discs, ill tei vertebral, 374 
' Discus proligerus, 1220 
Dispirem or daughter skein:', 

, 5 

I Distal i mvoluted tubule, 1180 
I Diverticulum, Meekers, 03, 

I 1113 

j Division of broiiebi, 1084 
of cells, 4 
direct, 7 
iiidiix'ct, 4 
1 Dobie's line, 38 
! Dog id, cells of, 942» 

I Dorsal artery of penis, 703 
auditory nucleus, 825 
I lamina, 117 

I longitudinal faseicuhis, 841 
nerve of penis, 986 
lieripheral band, 808 
veins of penis, 757 
vertebra.*, 1 87 
I peculiar, 1 88 

. Dorsalcs jiollicis arteries, 677 
’ Dorsalis hallucis artery, 722 
in d ids, (i77 
luigua*, 030 
]jedK 721 

applied anatomy of, 722 
blanches of, 722 
i peculiarities of, 722 

surface marking of, 722 i 
I • .scapul8E^, 670 


Dorso-epitrochleoris muscle, 

492 

Dorsum ilii, 320 
of scapula, 289 
sell8Q, 232 

Douglas, pouch of, 1225 
semilunar fold of, 513 
Ductless glands, 1234 

aortic bodies of Zuckcj- - 
kaiidl, 1248 
carotid borlk's, 1247 
coccygeal body, 1247 
parathyroids, 1237 
spleen, 1240 
Buprareiials, 1245 
thymus, 1238 
tliyioid, 1235 
Ducts lllrcr — 

accessory ]janerealie. 1178 
of Bartholin, 111] 
common bile duct, 1173 
of Oowper’s triands. 1218 
of Cuvier, 140 
cystic, 1 1 72 
ejaculatory. 1212 
of (hirtnei\ 1220 ..,v 

hepatic, J17I 
lactiferous, 1233 
of liver, 1171 % 

I lymphatic, right, 70i 
Mullerian, 170 • 
nasal, 1033 
panereatie, 1178 
parotid. 1110 
]ieriiief)hrie, 168 
piostatie, oriHc'cs of. 1200 
of Biviniis, 1111 
Stenson's, 1100 
sublingusl, Jill 
siif)inaxillai y, JJIO 
Ihoiaeie, 765 
tbyrogloHsaJ, 154 
vitelline, 03 
Wharton's, 1110 
of A\’irsung, 1 178 
\V’olltia,n, h)8 
1 )uet us^arti') io^us, 01 4 

bow obliterated in f ictus, 
016 

eboledoelius, 1 1 73 
eoeblearis, 1053 
endolv injiluit ieiis, 133, 1053 
])ain‘i‘eat ieus aeeessorius, 
1178 

Santorbii, 1178 
u t lieu 1 () - saci • 1 1 la ris, 1 053 
vpuosus, 146, <U4 
development of. 1-6 
fissure for, 1 1(>7 
Duodenal fold. infi*rior, 1129 
superior, J 130 • 

fossa, inferior. 1129 
superior, 1130 
glands, 1146 

Duodeuo-j(\iunal tlexure, 1142 
fossa, 1131 

Duodeno-iiiesoeolie ligameiit s, 

1 131 

Duodi'jio- pyloric eoiistrietion, 
1133 

jDucjflenum, 1139 
first porf ion, J 141 
• s<*cond jiorlioii. 1141 
third portion, 1 1 42 
fourth ]jortion, 1142 
lymjihatic vessels of, 784 
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Duodenum, vessels and nerves 
of, 1142 

Dura mater, 892 
arteries of, 894 
cranial, 892 
endosteal layer of, 894 
meningeal layer of, 894 
nerves of, 894 
processes of, 893 
spinal, 894 I 

structure of, 894, 896 
veins of, 894 

! 

Ear, 1034 

arteries of, 1037, 1043, 1068 
auditory canal, 1037 
applied anatomy of, 1038 > 
cochlea, 1049 
development of, 133 
external, 1034 

internal, or labyrinth, 1047 i 
meatus acusticus extemus, 
1037 

lukldle or tympanum, 1039 
membranous labyrinth, 1061 
muscles of pinna, 1030 
of tympanum, 1045 
osseous labyrinth, 1047 
ossicles of tympanum, 1043 
j)inria or iHiricle of, 1036 
semicircular banals, 1048 
tympanum, or middle ear, 

‘ 1039 

applied anatomy of, 1040 , 
vessels and nerves of, 1046 
vestibule, 1047 
Ectoderm, 87 
ainniotic, 94 
embryonic, 80 
primitive, 85 
Ectodermal cloaca, 101 
Ellerenl nerves, 49 
Egg-lubes of Etliiger, 1221 
Eighth cranial nerve, 927 
applied anatomy of, 929 
nuclei of, 825 
Ejaculator uriiiiv, 524 ' 
Ejaculatory ducts, 1212 
Elastic cartilage, 24 
lamina of cornea, 1014 
tissue, yellow, 19 
Elastin, 19 
Elbow, bend of, 672 
joint, 409 

anastomoses around, 074 
ap})li(;d anatomy of, 412 
suHace form of, 411 
vessels and nerves of, 410, 
411 

ii^leidin, 66 

Eleventh cranial nerve, 937 
applied anatomy of, 939 
Embryo, delimitation of, 91 
membranes and appendages 
of. 92 

Embryonic area, 86 
ectoderm, 86 
polo, 15 

Eminence, canine, 242 

frontal, 220 * ^ 

hypothenar, 560 
ilio-pectineal, 323 • 

paiietal, 218 
pyramidal, of pons, >823 
thenar, 650 


Eminenoea and depreasions of 
bonea, 182 

Eminentia aoustica, 837 
arouata, 227 
articularis, 223 
coUaieralis, 871 
cruciaia, 216 
aaccularis, 851 
teres, 838 

Emissary veins, 743 
Enamel cells, 1101 
droplet, 1101 
epithelium, 1101 
or^an, 1101 
pnsms or fibres, 1008 
of teeth, 1098 
formation of, 1101 
Enarthrosis, 370 
Encephalon, 810 
weight of, 884 
End-bulbs of Kr&use, 60 
articular, 50 

End-piece of spermatozoon, 82 
End-plates, motor, of E.u!^o, 
53 

Endings of Ruiiini, 60 
Endocardial cushions, 139 
Endocardium, 609 
Endognathion, 285 
Eudolyraph, 1051 
Endomysium, 37 
Endoncurium, 48 
Endoskeleton, 181 
Endosteal layer of dura mater, 
894 

Endothelium, 13 
Ensiform proeess, 204 
Entoderm, 86, 88 
Eiitndcrmal cloaca, 161 
Eosinophil corpuscles, 8 
Eparterial branch of bronchus, 
1070 

Ej^endyiua, 867 
Ependymal layer, 116 
Epicardlum, (K)0 
Epicondyles of humerus, 299 
Epicranial aponeurosis, 458 
Epidermic coat of hair follicle, 
69 

Epidermis, development of, 
114 

structure of, 64 
Epididymis, 1206 
development of, 169 
Epigastric artery, deep, 706 
applied anatomy of, 707 
peculiarities, 707 
superficial, 713 
su|)oi*ior, 665 
fossa, 212 
plexus, 997 
region, 1119 
vein, deep, 765 
su}>erficial, 752 
Epiglottis, 1062 
Epihyal, 478 
Epimysium, 36 
Epineuriuin, 47 
Epiotie centre of temporal 
bone, 231 

Epiphysial cartilage, 31 
Epiphysis, 33 
Epistropheus, 186 
Epithalamus, 123, 849 
fasciculus retroflexus of 
Meynert, 849 


EpithalamttSi ganglion habe- 
nulas, 849 
pineal body, 849 
homologiefl of, 849 
stalk of, 849 
structure of, 849 
posterior oommissurp, 849 
nucleus of, 849 
superior commissure, 849 
trigonum habenulae; 849 
Epithelial cells, 12 
Epithelium, 12 
ciliated, 13 
columnar, 13 
cylindrical, 13 
enamel, 1101 

germinal, of Waldeyer, 172, 
1220 

pavement, 12 
simple, 12 

spheroidal or glandular, 13 
stratified, 14 
of cornea, 1013 
transitional, 15 
Epitympanic recess, 226, 1039 
Eponychium, 68 
Epoophoron, 169, 1220 
Equator of lens, 1025 
Erector clitoridis muscle, 527 
penis muscle, 624’ 
spime muscle, 495 
Eruption of the teeth, 1102 
Erythro blasts, 10, 26 
Erythrocytes, 7 
Ethino-vomerino cartilage, 255 
Ethmoid bone, 238 
articulations of, 240 
cribriform plate of, 238 
devcloj)inent of, 107 
laUuul masses of, 239 
os planum of, 239 
ossification of, 240 
pci’pendicular plate of, 239 
uncinate process of, 239 
Ethmoidal arteries, 647 
canal, anterior, 222 
posterior, 222 
colls, 239, 1008 
notch, 222 
plate, 106 

process of inferior turbinated, 
253 

spine, 232 

Eustachian tube} 1042 
cushion of, 1114 
isthmus of, 1042 
pharyngeal orifice of, 1114 
tonsU of, 1042 
valve, 606 
in fcetkl heart, 014 
Exncr, plexus of, 881 
Exognaihion, 285 
Exoskeleton, 181 
Extensor bi'cvis digitorum 
muscle, 687 
brevis poUicis, 549 
carpi radialis brevior muscle 
545 

longior, 545 
ulnaris, 547 
coccygis, 498 

communis digitorum (hand), 
646 

' indicia, 549 

longus digitorum (foot), 580 
pollicis, 549 
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,JBSxtenBor minimi digiti, 547 
ossis metacarpi pollicis, 549 
praprius hallucis, 580 
External abdominal ring, 508 
annular ligament, 587 
capsule of brain, 874 
carotid artery, 628 
cutaneous nerve, 973 
iliac artery, 705 
lymphatic glands, 779 
vein, 755 
jugular vein, 732 
maxillary artery, 631 
medullary lamina, 847 
organs of generation, de- 
velopment of, 175 
female, 1230 
lymphati(^ vessels of, 781 
OH uteri, 1224 
plantar artery, 726 
nerve, 983 
popliteal nerve, 984 
pterygoid plate, 236 
respiratory nerve of Bell, 056 
saphenous nei ve, 981 
vein, 753 

sp(?rmatic fascia, 509 
sphincter ani. 494 
Extra-ernbryonic area, 86 
JCxt ra-poritoneal connective 
tissue, 51 (i 

Extra-spinal veins, 751 
Extremities, 286 

bones of the lower, 320 
upper, 286 

Extremity of penis, 1214 
Extrinsic muscles of tongue, 480 
Eye, 1010 

appendages of, 1028 
af)plicd anatomy of, 1026 
aqueous humour, 1024 
capsule of 'J’ciion, 1010 
chambers of, 1017 
choroid, J0J4 
ciliary body, 1016 
muscle, 1016 
processes, 1016 
conjunctiva. 1031 
cornea, 1012 
crystalline lens, 1025 
development of, 128 
hyaloid membrane, 1025 
iris, 1017 

memhranadiyaloidoa, 1025 
pu))illaris, 1019 
orhiculus ciliaris, 1010 
pupil, 1017 

refracting media, 1024 
retina, 1020 
sclera, 1011 • 

tunics of, 1011 
uvea, 1018 

vascular and pigmented 
tunic, 1014 

vessels and nerves of globe 
of, 1026 

vitreous body, 1025 
Eyeball, muscles of, 462 
Eyebrows, 1629 
Eyelashes, 1029 
Eyelids, 1029 

development of, 1 33 
Meibomian glands of, 1031 
muscles of, 459 * • 

palpebral ligaments of, 1030 
structure of, 1029 


Ei^lids, tarsal 
1030 

Eye-teeth, 1095 


plates ' of, I 


Face, arteries of, 631 
bones of, 241 ' 

development of, 1 10 
lymphatics of, 769 
muscles of, 456 
Facial artery, 631 

applied anatomy of, 633 
peculiarities of, 633 
transverse, 636 
bones, 241 
nerve, 922 
vein, 730 

applied anatomy of, 731 
common, 730 
deep, 730 
transveAe, 731 

Falciform ligaments of liver, 
1168 

of pelvis, 395 

process of fascia lata, 568 i 
Fallopian tubes, J221 

applied anatomy of, 1222 
development of, 170 
fimbriated extremity of, 
1221 

lymphatic vessels of, 789 
structure of, 1221 
False ligaments of bladder, 
1197 

pelvis, 327 
ribs, 206 

vocal cords, J06(* 

Falx cerebcUi, 894 
cerebri, 893 
Fangs of teeth, 1093 
Fascia, anal, 518 
axillaris, 529 
of arm, 533 
of back, 489 
bicipital, 538 
bucco -pharyngeal, 473 
of Clamper, 506 
cervical, deep, 472 
superricial, 471 
clavi-pectoral, (>67 
of Colies, ,506, 523 
of cranial region, 456 
cremasteric. 512 
cribriform, 566 
dee]), 4,5,5 
dorsal, of foot, 587 
cndopelvina, 519 • 
of forearm, 539 
general doseiiption of, 455 
of hand, 550 
iliac, 504 
infraspinata, 536 
infuiidibuliform, 516 
intcrcoluranar, 509 
intercostal, 500 
ischio-rectal, .521 
lata, .56ri 

falciform process of, 568 
iliac portion, 568 
pubic portion, 668 
of leg, 679 
deep transverse, 583 
lumbar, 493 
of mamma, 529 
masseteric, 467 
• of Obturator internus, 517 


'ia88 

FjMU (eont.) 
of orfajt, 463 
palmar, 552 
parotid, 473 
pelvic, 61 7 

of pelvic diaphragm, 518 
plantar, 587 
pretracheal, 473 
pi'overtebral, 473 
propria of femoral hernia, 
1162 

of psoas and iliaous, 564 
of pyriformis, 518 
of Qiiadratus luiuborum, 5J7 
rectal, 519 
recto- vesical, 519 
renalis, lltSS 
of Hcarjia, .506 
semilunar, 538 
spernialic, external, 509 
subscapiilaris, 534 
Bupordcial, 155 
supraspinal a, 535 
totnporal, 4(>8 
of thigh, 566 
of thoracic region, 528 
transvcnsalis, 515 
triangular, 510 
vcrtcbial, 493 
vesical, 519 

Fasciu), gtjucral description of, 
455 • 

Fasciculus cuneatus, 807, 816 
gracilis, 807, 816 
inferior longitudinal, 879 
occipito-frontal, 879 
perpendicular, 879 
posterior longitudinal, 841 
retrodexus of Mcynert, 849 
of liolando, 814 
solitariiis, 822 

spino-ceiehellaris ven trails, 
806 

superior luiigitiidina], 879 
P'asciola cineroa, 86 1 
Fat, 17 
cells, 17 

Fauces,* isthmus of, 1091 
pillais of, 1091 

Female IIephoductive Or- 
gans — 

hulhus vestibuli, 1231 
carunculse iiymenealcs, 1231 
clitoris, 1231 
development of, 167 
fossa navicu laris, 1231 
fourchette, 1231 
glands of Bartholin, 1232 
hymen, 1231 
labia majora, 1230 

minora, 1231 • 

mons Veneris, 1230 
nymphie, 1231 
uteiiis, 1222 
vagina, 1229 
vestibule, 1231 
Femoral artery. 707 

applied anatomy of, 712 
branches of, 713 
common, 712 
^ peculiarities of, 7 12 

surface marking of, 712 
• hernia, 1161 

region, muscles of anterior, 
566 

internal, 571 
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Femoral region, posterior, 
577 

sheath, 707 
symr, 339 
vein, 755 
Femur, 332 

applied anatomy of. 340 
articulation H of, 339 
condyles of, 337 
head of, 332 
neck of, 332 
ossification of, 339 
stnicture of. 338 
surface form of, 340 
trochanters of. 333 
Fenestra ovaJis, 1041 
rotunda, 1041 

l’(Mieatrated inemhiune of 
Henle, 55 ^ 

Keitilisation of ovum, 83 
Fibrse pi'nin’inc of cerebellum, i 
832 ^ ! 

Fibre-e-olls, coiVtiactilc, 41 
Fibres, aie utile. 820 
(Itfl^al, 1097 
iutercolumnar, 60ft 
liiller, 1023 * 

. cles, 37 ; 

of'nTives, 45 : 

of 1‘urkiiije, 42 ■ | 

of U.emak‘,'4'J , 1 

of Tonnes, 1097 - * ' | 

Fikiillfcj, lerminatimi nerves i 

in, 49 ▼ 

Fibrin, 10 j 

fcrnicni, 10 1 

Fibrinogen, 10 ! 

Fibro-cartibige, 23 I 

eomiectiug. (urcumfei'ential, ! 

and si 1 aliform, 24 
interart ieular, 23 
yellow, 24 
Fibro-eattilages — 

aeromio-elavi(!ular, 402 
ijiterverlebral, 374 
of knee, 431 
pubic, 397 , 

radio ulnar, 414 
saero-coceygeal, 390 
si eru o-elavicuUi r, 41 lO 
lemporo-inandibulav, 383 
Fibro -serous membranes, 72 
Fibrous eartilage, 23 
pericardium, 599 
rings of in “art, 0/(i 
tissue, white, 18 
l^'ibula, 347 

aj)|)lie(l anatomy of, 349 
articulations of, 348 
ossitication of, 348 
f surface form of, 348 
Fibular artery, superior, 721 
1‘C‘gion, muscles of, 505 
Fifth cranial nerve, IWO 

ay)i>lied aitatoiny of, 918 
nuclei of, 824, 844 
surfiicc marking of. 918 
\en trick* '.»f brain, 877 
Filiform papillce of the ton gut*, 
1105 

FUIet. 842 ' . 

lateral, 842 

mesial, 843 * 

Filtmtion aiva of eyeball, 
1028 

Filuni terminale of cord, 797 


' Fimbria 6t ticnia hippocampi, 
875 

! ovarica, 1221 
I Fimbriae of Fallopian tube, 
1221 

I Fim brio-dentate fissure, 804 
I First nciwc, 900 
i applied anatomy of, 901 
Fission of ccUs, 7 
Fissura antitragohcHcina, 1030 
petro-occi])ifalis, 204 
I petro-B<iuamosa, 204 
peiro-tymf)aiiiea, 1040 
prima of oerebeliurn, 121 
of rhinenoephalon, 804 
! secunda of cerebellum, 121 
vestibuli, 1061 
' Fiasurc^ auricula^, 228 
' xihoroidal, 129 

for ductus veiiosus, 1167 
i (llaserian, 224 ' 
j longitudinal of liver, 1107 

I transverse, 1107 *' 

portal, 1167 
ptcrygo-maxillary, 208 
spheno-niaxillary, 267 
splienrtidal, 235 
of spinal eo?‘d, 798 
umbilical, 1107 
for vena cava, 1107 
Fissures of 827, 828 

grcat^hfoH|bn^, 820 
intragracile, 829 I 

postcentral, 827 
postcUval, 827 
postgraeile, 829 ' 
poKtiiodiilar. 828 
ipst]>yi amidal, 829 * . , 


;^;>^ustpyramidal, 8 
pi'ccnvwr oZi 


])rcpyramidal, 828 
of cerebrum, 850 
' oalcariiu*, 857, 800 

! caUosal, 863 

j calloso-marginal, 857 

collateral, 857 
clentatfi, 803 
fi m brio-den tafe, 804 
! gn’at longitudinal, 854 

I hippocampal, 863 

i ]}arieto-occipital, 857, 869 

I kolando, 857 

i Sylv iuH, 856 

transverse, 878 
of the cerebellum /embry- 
onic), 120 

of the cerebrum (embryonic), 

. 120 

congenital (of skull), 240 
of the lung, 1082 
of the medulla, 812 
of the spinal cord, 798 
Fixation muscles; 464 
of the kidney, 1183 
Mat bones, 181 
Flechsig, oval area of, 808 
tract of, 806 

Flexor accessorius musck*, 
589 

brevis digitorum, 588 , 

hallucis, 590 

minimi digiti of foot, 591 
of hand, 5.50 

pollicis, 554 ; 

carpi radialis, 540 
ulnaris, 541 ’ ^ 


Flexor longus digitoram» 
583 

hallucis, 583 
pollicis, 544 

])rofundus digitorum, 643 
sublimis digitorum, 641 
Flexure, hepatic, 1161 
splenic, 1 151 

Flexures of cmbiyonic brain, 
cephalic, 119 
cervical, 119 
pontine, 119 
Floating ribs, 207 
Flocculus, 829 
Floor plate, 116 
Fluid, ccrcbro-spinal, 897 
Fluids, nutritive, 7 
Fmtus, circulation in, 014 
Eustachian valve in, 0J4 
foramen ovale in, 140 
vascular system in, pecu- 
liarities, 614 
Fold of Douglas, 513 

vestigial, of pei'ieardium, 000 
I'^dds, aumiotic, 93 
arytono-epiglottic, 1000 
caudal and cephalic, 92 
genital, inner, 176 
, outer or labio-scrotal, 175 

glos.so-e])i£rlottic, 1002 
recto-uteri no, 1225 
, recto- vesical, or s^mro-genital, 

I 1125 

Folium ciM'uminis, 827 
Follicle of hair, 68 
’ sim))lo, of inte.stme, 1140 
Follicles. Graalian. 1221) 

, Fontana, space.s of, 1014 
, Foritanciros, 277 
I 1‘^oot, arches of, 462 
■ arteries of, 721, 724, 725 
bones of, 349 

applied aiiabuny of, 303 
ossilication of, 302 
I surface form of, 303 

' dorsum, fasria of. 587 
musedcs of, 587 
i ligaments of, 444 
I sole of, fascia of, 587 
1 muscles of, 589 

1 Foramen ca*cura of frontal 
I bone, 221 

of medulla oblongata, 812 
I of tongue, li54, 1104 

carotico-olinoid, 235 
I ooiidyloid, anterior, 210 
' posterior, 216 

I dental, inferior, 250 
of Huschke, 230 
incisor, 140 
infraorbital, 242 
intervertebral, 183 
jugular, 204 

j; Icus^uin modioin, 204 
magnum, 217 
of Majeiidic, 836, 897 
mastoid, 225 
mental, 255 
of Monro, 876 
dcveloijment of, 122 
obturator, 326 
optic, 232 « 

ovale of heart, 140, 614 4 
of Sphenoid, 234 
palatine, accessory, 252 
i)Osterior, 252 
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Foramen, parietal, 218 
rotundum, 2JU 
’ sacro-Hciatio, H95, 398 
singularc, 227 
Bpheno-palatine, 252 
spinosum, 234 
Bternal, 204 
stylomastoid, 228 
supraorbital, 221 
supratrochlear, 299 
thyroid, 326 
transversarium, 184 
vertebral, 183 
Vesalii, 234 
of Winslow, 158, 1127 
Foramina of Diaphragm, 503 
ethmoidal, 270 
intervertebral, 183 
of Key and Betzius, 836, 
837 

of Luschka, 836, 897 
malar, 248 
nerv'osa, 1055 
olfactory, 238 
sacral, 191 
of scarpa, 246 
of Stenson, 246^ 

'rhebesii, 604 
]<^ow!epH, major, 866 
minor, 8()0 

]<'or(‘arm, bones of, 301 
fascia of, 539 
muscles of, 539 
Forebrain, 122, 844 
Foregut, 150 
Foreskin, 1214 

Form of embryo at dift'erent 
stages, 177 

Forniatio reticularis alboi, 821 
of cord, 799 
grisca, 821 
of medulla, 821 
Formation, hippocampal, I2(» 
Formative yolk, 79 
Foi ni(teH ot vagina, 1229 
Fornix of brain, 875 
body of, 875 
dev<*lopment of, 127 
pillars of, 875 
conjunctivae, 1031 
Fossil acetabuli, 326 
anticiibital, 672 
of antihelix, 1035 
canine, 24% 
cochlearis, 1048 
condyloidea, 216 
ooronoidea, 298 
d^astrio, 225 ' 
digital, of epicUdymis, 1206 
of femur, 334 • 
duodenal, inferior, 1129 
superior, 1130 
duodeno- jejunal, 1131 
femoral, 709 4 

glenoid, 224 ' 
of helix, 1035 
liyaloidea, 1025 
ileo-csecal, 1131 
ileo-colic, 1131 
iliac, 322 
incisive, 242 
incudis, 1041 
infraspinous, 289 
infratempord, 267 • • 

interpeduncularis, 838 
intersigmoid, 1132 


' Fossa, ischio-rectal, 522 * 
jugular, 228 
lachrymal, 221. 245 
navicularis of urethra, 1201 
of vulva, 1231 
occipital, 215 
olecranon, 298 
ovalis, 605 
ovarii, 1218 
palatine, anterior, 24 1» 
pararectal. 1125 
paravesical, 1125 
pituitary, 232 
ptoiygoid, 236 
radiolis, 298 
retrocsecal, 1132 
of Kosenmuller, 1114 
Bcapha, 1036 
scaphoideal 236 
of skull, anterior, 271 
iniddh%«73 
posterior, 274 
spheno-vnaxiliary, 268 
aubarcuata, 228 
subcsBcal. 1132 
subliiii^ual. 256 
subin axillary. 25t> 
subscapular, 289 
sujiraspinous, 289 
suxiraionsillaria, 1114 
Sylvian^ 126 
temporah'^d^lr . ^ 
triangularis, 1036 
trochanteric, 334 
zygomatic, 267 
Fossa*, nasal, 275, 1004 
retroperitoneal, 1129 ! 

^ol^ skull, 271 

Fountoui dfioussaliou jlflKoy- 
nert,- 84**^ 

Fourchette, 1231 
Fourth cranial nerve, 905 
applied anatomy of, 90ti 
vontriclc, 834 

Fovea centralis retina', 1023 
inferior of fourth viuitricle, 
837 

inguinalis lateralis, 1159 
m'^sialis, 1159 

superior of fourth ventricle, 
837 

sufiravesicalis, 1159 
ti'oclilearis, 221 

Fkactuue of acromion process, 
660 

of clavicle, 560 
of femur above cqpdyles, 595 
below trochanters, 595 
of fibula, with dislocation of 
tibia, 596 

of humerus, shaft of, 661 
surgical nock, 561 
of neck of femur, 595 
of olecranon process, 562 
of patella, 596 
of pelvis, 332 
Pott’s, 596 
of radius, 562 
lower end of, 563 
shaft of, 562 
and ulna, 562 
of ribs, 212 
' of skuU, 282 
of sternum, 212 
of tibia, shaft of, 595 
of ulna, shaft of, 562 


Frenula of ilco-cacal valve, 1150 
of lips, 1089 

Frenulum of cerebellum. 827 
elitoridis, 1231 
lingua*, 1104 
pio'putii, 1214 
voli, 831 

Frontal artery, 648 
hone, 220 

artieulatioiis of, 223 
ossification of, 223 
struetuie of. 223 
convolutions. 857 
(!rest, 221 
eminence, 220 
lobe, 857 
nerve, J)09 
j 07)erculuin, 862 
I sinuses, 222, 1008 
suture, 220 ' 
vein, 729 

I Fronto-ethnioidflJ suture, 272 
' Fronto>malai‘ sutui e. 265 
Fronto-maxillary suture. 271 
Fcpnto-nasal jui'cess. 
Fronto-parietal operculum, 8t)2 
FronU»- sphenoidal process of 
malar, 24ft 

Fundus of stoiimeh. iMP' 
tympani, 1040 
of uterus, 1223« 

Fungiform pa7>ilJa* of tongue. 
1105 

Funicular process. 173 * 

Funiculus of nerve, 47 
separans, 837 
Furtalis, nervus, 970 
h’urcula, 154 
Furrow, ediordal, 89 
dental, 1100 
iliac, 331 
sternal, 21 1 

Furrowed band of ecTebelluni, 
829 

(Jalen, veins of, 737 
Gall-bladder, 1172 
applied anatomy ot, 1175 
fissure for, 1107 
lyiiJlihatie vessels of, 787 
structure of, 1172 
Gangliated cord of sympa- 
thetic, 988 

cei-vico-cephalic ]iortion, 
990 

, lumbar portion,’ 994 

, pelvic portion, 996 

thoracic portion, 693 
Gaeolion or (Ianolia, 
IhUology of, 53 
of Andeisch, 932 % 

aortic-rcmal. 997 
of Bochdalek, 912 
cardiac, 996 
carotid, 990 
cervical, inferior, 993 
middle, 992 
superior, 990 
diaphragmatic, 997 
on facial nerve, 923 
, of*fifth nerve, 908 
C4asBerian, 906 
« geniculi, 923 

of gloBSo-phaiyiigeal, 932 
habenulae, 849 
impar, 996 
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Ganglion ok Ganqt.ia (cont.) 
interpedunculare, 840 
jugular, 932 
Langley’s, 1112 
lenticular, 010 
lumbar, 995 
Meckel’s, 912 
mesenteric, 999 
ophthalmic, 910 
otic, 917 
petrous, 932 
phrenicuin, 997 
of pncumogastric, 935 
of root of vagus, 935 
sacral, 990 
of »Scarpa, 1058 
semilunar, of abdomen, 997 
spheno-palatino, 912 
spinal, 941 

ftpirole eochlcue, 1058 
splanchnicurn, 993 
submaxillary, 918 
suprarenal, 998 
tlioraeu!, 993 

; of of va'j'us, 935 . . 
of Valentin, *H2 
of NVrisberg, 996 
Ganglion ridge or firest, 

89, 118 ^ 

Ganglionic Vii-anch of nasal 
nerve, 1K)9 

arteries, aiit<To-latcral, 660 
^antero-median, 648 
postcro-lateral, 601 
postero-median, 601 
layer of retina, 1021 
Giirtncr, duct of, 1()9, 1220 
Gasserian ganglion, 900 
44cpression for, 227 
artery, (i40 

Gastric artt'rios (vasa brevia), 
090 

artery, 088 
glands, 1137 
nerves from vagus, 937 
plexus, 999 
veins, short, 702 
Gastrocm'inius muscle, 581 
Gastro-colic omentum, 1 128 
G astro-duodenal artery, 089 
idcxus, 999 

Gastro-epiploic plexus, 999 
veins, 702 

Gastro-epiploic artery, right, 
090 

left, 090 
vein, left, 702 

Gastro-hcpatic oiucntuin, 1127 , 
Gastro-phrcnic ligament, 1134 
Gastro'-splcnie omuntiiin, 1128 . 
(iemellus inferior muscle, 570 > 

superior muscle, 570 
Gemmation of colls, 7 | 

Generative Organs, develop- 
ment of, 107 
female, 1218 
male, 1203 

(leniculate bodies, 848 

fibres of crusta, 839 ! 

of internal capsule, 873 
Geniculuin of facial nerviS 92t\,, 
Genio-hyo-glossus muscle, 479 
Genio-hyoid muscle, 479 • , 

Genital oord, 170 , 

corpuscles, 50 * I 

folds, inner, 170 * 
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Genital folds, outer, 175 
gland, 170 
groove, 176 
ridge, 170 
tubercle, 175 
Genito-erural nerve, 972 
Gennari, band of, 880, 882 
Genu of corpus callosum, 866 
of internal capsule, 873 
Gerlach, tube- tonsil of, 1C42 
Germ, common dental, 1099 
special dental, 1100 
Germ-centres, 63 
(Terminal cells, 115 
epithelium of Waldeyer, 172. 

1220 

]3ath, 173 
spot, 78 
vesicle, 79 

Giacotnini, band of, 864 
Giant-cells, 26 
of Betz, 881 

Gianuzzi, crescents of, 1112 
(^iAbemat’s ligament, 510 
Ginglymus, 309 
Gif^d^s, organ of, 169, 1211 
(jrirdle, pelvic, 280 
slioulder, 280 

Glabella of frontal bone, 220 
Gladiolus, 204 
Gland or Glands — 
arytenoid, 1069 
of Bartholin, 1232 
of Blandin, 1100 
of Bowman, UK)7 
Brunner’s, 1140 
buccal, 1090 
ceruminous, 1038 
Cowper’s, 1218 
ductless, 1234 
duodenal, 1140 
gastric, 1137 

f ;enital, 170 
abial, 1089 
lachrymal, 1032 
of larynx, 1069 
lingual, 1100 
of Littre, 1201 
of Luschka, 1217 
lymphatic, 61 
mammary, 1232 
Meibomian, 1031 
molar, 1091 
of Moll, 1029 
of Montgomery, 1233 
of Muhn, 1106* 
oesophageal, 1118 
palatal, 1091 
parathyroid, 1237 
parotid, 1118 
Beyer’s, 1140 
prostate, 1215 
salivary, 1108 
sebaceous, 71 
secreting, 74 
racemose or saccular, 75 
simple, 74 
tubular, 74 
compound, 75 
convoluted, 75 
solitary, 1146 
spleen, 1240 
sublingual, 1111 
submaxillary, 11 10 
sudoriferous, 71 
suprarenal, 1245 


i Gland ila Glands {cont,) 
sweati, 71 
thymus, 1238 
thyroid, 1236 
of tongue, 1106 
of Tyson, 1214 
; uterine, 1227 
I Glandulae Pacchioni, 898 
Tysonii odorifer®, 1214 
j (Glandular epithelium, 13 
' Gians clitoridis, 1231 
penis, 1213 

, Glaserian fissure, 224, 1040 
Gleno-humeral ligaments, 404 
Glenoid cavity, 292 
fossa, 224 

ligament of Cruveilhier, 422, 
' 451 

of shoulder, 405 
, Gliding movement, 370 
I Glisson’s capsule, 1108 
I Globular processes of His, 1 1 1 
I Globus major of epididymis, 

i 1200 

minor, 1206 

I iNilliduB of lenticular 

I nucleus, 872 

I (jlosso-epiglottio folds, 1002 
; Glosso-pharyngoal nerve, 930 
applied anatomy of, 932 
I Glottis respiratoria, 1000 
rima of, 1000 
vocalis, 1000 
j Gluteal artery, 704 
> nerve, inferior, 979 
' superior, 979 

region, muscles of, 573 
ridge, 336 
veins, 756 

GluU'Us maximus muscle, 573 
modius muscle, 574 
minimus muscle, 575 
(Toblet cells, 13 
I Golgi, cells of, 881 
i organ of, 52 
(toU, tract of, 807 
Gomphosis. 308 
Gonion, 279 
Gowers, tract of, 800 
Graafian follicles, 1220 
structure of, 1220 
Graoile nucleus, 814 
Gracilis muscle, 571 
Grande lobe limL^que of Broca, 
862 

Grandly, tactile corpuscles of, 
50 

Granular or rust-coloured layer 
. of cerebellar cortex, 833 
layer of <«Iontino, 1098 
Granule cells, 15 
.Great aurioular nerve, 950 
horizontal fissure, 826 
’ longitudinal fissure, 854 
occipital nerve, 94o 
omentum, 1128 
saoro-soiatip foramen, 394 
sciatic nerve, 980 
sinus of aorta, 619 
transverse fissure, 878 
Greater curvature of stomach, 
1133 

wings of sphenoid, 234 
Grey commissure of spinal 
cord, 800 

of third ventricle, 864 
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Grey matter of oerebelum, 832 Hamular process of laohiyliial, i Hepatio plexus, 999 
of cerebral hemispheres, ; 248 ! veins, 760 

879 of sphenoid, 236 Herbst, corpuscles of, 51 

of medulla oblongata, 818 Hamulus lamina spiralis, 1051 . Hernia, qongenital, 1160 
of spinal cord, 799, 800 Hand, arteries of, 681 < dirt'ct inguinal, 1161 

Grey or gelatinous nerve-ti bres, bones of, 311 encysted, 1161 

47 fascua of, 550 femoral, 1161 


Groove, auriculo-ventricular, 
602 

bicipital, 295 
carotid, 233 
infraorbital, 243 
interauricular, 602 
interventricular, 602 
lachrymal, 244 
miisoulo-spiral, 297 
inylo-liyoid, 256 
nasal, 242 
neural. 89 
occipital, 255 
optic, 232 
primitive, 80 
subclavian, 288 
subcostal, 208 
vertebral, 200 

Grooves, interventricular, 602 
Gl^und bundle, antero-lat-eral, 
807 

Gubernaculiim dentis, 1102 
testis, 173 

Gudden, commissure of, 901 
Gums, 1091 
Gustatoiy cells, 1101 
hair, 1001 
pore, 1001 

Gyri, or convolutions of biain, 
856 

breves itisulte, 862 
of Heschl, 861 
Gyrus dentatua, 864 
hippocampi, 863 
longus insulte, 862 
marginal,' 859 
rectus, 859 
subcallosal, 864 
supracallosal, 864 
temporalis transversi, 861 


Hacmatoidin crystals, 1 J 
Hanuin crystals, 11 
Hc'cinoglobin, 7 
crystals, 11 

HsBinorrhoidaL artery, inferior, 
701 

middle, 699 
superior, 6t)4 
nerve, inferior, 986 
plexus of nerves, 999, 1000 
vein, inferior, 762» 
middle, 757 
venous plexus, 757 
appH^ anatomy pf, 757 
Hair-oellB of internal ]056‘ 
Hairs, 68 
cuticle of, 70 
follicles of, 68 
gustatory, 1001 
olfactory, 1007 
shaft of, 70 
structure of, 68 
Haller, vas aberrans of, 1210 
Hallucis magna artery, 722 
Ham, region of the, 71^ • 

Hamstring tendons, applied 
anatomy of, 578 


muscles of, 550 
nerves of, from median, 962 
from radial, 965 
from ulnar, 962, 963 
surface form of, 319, 569 
veins of, 745 
Hard palate, 1091 
Harrison's sulcus, 213 
Hasner, plica lacrimalis of, 
1033 

Haversian canals of bpne, 27 
systems of bOne, 27 . 

Hoad, arteries of, 625 
lymphatie»of, 767 
muscles of, 456 
veins of, 729 

Head-cap of sperm atozo(>n/81 
Head-kidne}^ 168 
Heart, 601 

applied anatomy of, 613 
arteries of, till, 620 
component parts of, (>02 
development of, 137 
endocardium, 609 
librt‘s of the auricles, 610 
of the ventricles, 611 
fibrous rings of, 610 
infundibulum of, 606 
left auricle, 608 
ventricle, 608 
lymphatic vessels of, 792 
musoular (ibnis of, 610 
struct urt) of, 41 
nerves of. 612, 936, 996 
position of, 601 
right auricle, 604 
ventricle, 606 
septum ventriculoruui, 609 
size and eight, 602 
structure of, 009 
suHace marking of, 612 
veins of, 612 

Heidenhain, demilunes of, 1112 
Hclicine arteries, 1214 
Helicis major muscsie, 1036 
minor muscle, 1036 
Helicotrema of cochlea, 1049, 
1051 

Helix, 1035 
fossa of, 1035 ^ 

muscles of, 1036 
spine of, 1036 

Hemispheres of cerebellum, 826 
development of, 120 
of cerebrum, 854 
development of, 1 24 
Henle, ligament of, 513 
loop of, 1186 

Henle's layer of hair-follicle, 70 
Hensen, canalis reunions of, 
1053 

lines of, 39 

supporting cells of, 1057 
Hensen *8 stripe, 1057 
H«*patic artery, 688 
cells, 1170 
cylinders, 164 
duct, 1171 

. lymphatic glands, 782 


into funicular process, 1161 
infantile, 1161 
inguinal, 1 1 59 
oblique inguinal, 1159 
scrotal, 1159 

Hcrophilus, torcular of, 740 
, Heschl, gyri of, 861 
Hesselbach, ligament of, 513 
tvj&ngle of, 1 1 59 
Hiatus h-allopii. 227 
semilunaris, 276, 1004 
Higher visuikl centres, 852 
• Highmore, antrum of, 244, 1008 
Hilus of kidney, 1 182 
of lung, 1081 
, of spleen, 1240 
) Hjnd-hrain, 1J9, 811 
Hin4-jut, 150 •b. ^ 

Hinge^joint, 369 
! Hip-johit, 243 
j appliei^ ilMlomy of, 428 
Sl)>Lscles in relation with, 426 
1 surface; form of, 428 

Hippocampal convolution, 863 
I fissure, 803 • 
j formation, 126 
; Hippocampus major, 870 ® 
minor, 807 

j His, auriculo-veutricular bundle 
I of, 01 1 

sulcus ku'minalis uF, 001 
. Horizontal cells of retina, j^22 
j fissure, great, 820 
plate of palate, 250 
Homer’s muscle, 400 
: Houston’s valv»‘s of rectum, 

1 155 

Howship’s lacunn*,, 20 
, Huguier, canal of, 224, 1040 
j IJuineruH, 295 
I appliW anatomy of, 300 
' articulat ions of, 300 
head of, 295 
neck of, 295 

, nutrient artery of, 074 
I ossification of, 299 
structure of, 299 
surface form of, 300 
tuberosities of, greater, 295 
lesser, 295 

Humour, aqueous, 1024 
Hunter’s canal, 710 
Huschke, auditory teeth of, 
1065 

foramen of, 230 
Huxley’s layer of hair-follicle, 
70 

< Hyaline cartilage, 21 
cell, 8 

Hyaloid membrane of eye, 1026 
Hyaloplasm, 3 

Hydatids of Morgagni, 108, 
1206, 1221 
Hym«i, 1231 

Hyo-epiglott ic ligament, 1064 
Hyo -glossal membrane, 1106 
Hyo-glossus muscle, 480 
Hyoid arch (foetal), 108* 
bone, 260 
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Hyoid bone, cornua of, 2t)l 
ossificftf/ion of, 201 
muscles of infrahyoid region, 
470 

of suprahyoid region, 477 
Hyparterial bronchi, 1084 
Hypochondriac rt*gions, 1119 
Hypochordal bar, 103 
Hypogastric arteries in footus, 
014 

how obliterated. 010 
lyrapliatic glands, 779 
lilexuH, 999 
/one, 1119 

Hypoglossal nerve, 931» 

ap])lied anatomy of, 941 
nucleus of, 818 

Hypothalami, pars inamillaria, 
123 

pars optica. 123 
Hypothalamus, 849 
(corpora inamillaria, 850 
infundibulum, 851 
optic commissure, 851 
pit^.^ary body, 851 
subthalamu’. tegmental re- 
gion, 850 

coj-pus Hiibthalamirn ii%850 
iiuele-uH of Luys, 850 
stratum dorsalc*. 850 
zona inwerta, 850 
tuber einereiun, 851 
H^\iothenar ciniTmnee, 550 


Tlco-eiecal fossa, 1131 
valve, 11,50 
lleo-colic artery, 092 
fpssa. 1131 
Ileum. 11-12 

lymphatic vessels of, 785 
Iliac arteries, common. (>90 

applied anatomy of, 097 
peculiarities of, 090 
surface marking of, t)97 
external, 705 
ajiplied anatomy of. 705 
surface marking of. 705 
internal, 098 
appli(‘d anatomy of, 705 
at birth, 098 
]M"eiili»irity in the fudus, 
(598 

colon, 1153 
fascia, 504 
fossa. 322 
furrow, 331 

lym])hatie glands. 779, 780 
portion of fascia lata, 508 
region, muscles of, 504 
spines, 323 
veins, common, 758 

peculiarities of, 758 
(external, 755 
iritemal. 755 
lliacus miiselc*. 505 
fascia of, 504 
Ilio-eoc<-ygeus muscle, 521 
Ilio-costalis muscle, 490 
Ilio- femoral ligament, 425 
llio-hypogastric nerve, 971 ^ 

lliodnguinal nerve, 972 
llio-liimhar artery, 704 
li'jamonl. o93 
vein*, 758 

llio-pectineal eminence, 323 


Tlio*])ectin6al ligament, 564 
llio-sacralis muscle, 521 
Ilio -tibia! hand, 567 
Tlio- trochanteric ligament, 425 
Ilium, 320 
crest of, 323 
dorsum of, 320 
spines of. 323 
tubercular ])oint of, 323 
Immovable articulations, 308 
Tinpressio cardiaca, 1105 
coliea, 1 105 
duodenalis. 1105 
renalis, 1105 
I suprarenal is, 1100 
! Impression, rhomboid, 288 
} Incisive bone, 240 
fossa, 242 
I Incisor crest. 240 
teeth, 1091 

I Incisura angularK>, 1133 
) cardiaca, 1133 
I cerebclli anterior, 826 
I ])Ostcrior, 820 
; intertragiea, 1035 
! parictalis, 225 
' Kivini, 1040 
temporalis, 803 
tentorii, 893 

Incisura* Santorini, 1038 
Incremental lines of Salter, 
1098 

Incus, 1044 
development of, 134 
ligaments of, 1045 
Index, cephalic or breadth, 279 
I gnathic or alveolar, 280 
nasal, 280 

; orbi i| ||M riigi i j^M :^> 

! vertical or hoigM7279 
Indusium grisouin. 804 
Infantile hernia, 1 101 
I Inferior carotid trariglo, 041 
central nucleus, 821 
coronary artery, 033 
dental artery, 030 
canal, 257 
nerve, 917 

external frontal artery, tkW' 
fovea of fourth ventricle, 837 
lucBiorrhoidal artery, 701 
internal frontal artery, 048 
labial artery, 033 
laryngeal artery, 002 
nerve, 936 

longitudinal fasciculus, 879 
iiiaxillqjy nerve, 914 
meatus of nos?, 270 
medullary velum, 829, 831 
mesenteric artery, 039 
glands, 784 
vein, 702 

])hrenic artery, 095 
profunda artery, <>74 
thyi’oid artery, 002 
veins, 748 

turbinated bon^*, 253 
articulations of. 254 
ethmoidal process of, 263 
lachiy mal process of. 253 
mas illary process of, 254 
ossification of. 254 
vena cava, 758 

developmorit of, 140 
opening of, 004 
Infracostal muscles, .501 


Infracostal plane, 1119 
Infraglenoid tubercle, 292 
Infrahyoid artery, 292 
Infraorbital artery, 639 
branches of facial, 925 
canal, 243 
foiuiiicn, 242 
groove, 243 
nerve, 91 

plexus of nerves, 912, 926 
Infrapatellar pad of fat, 431 
Infraspinatus muscle, 536 
Infraspinoiis fascia. 536 
fossa, 289 

Infrasternal notch, 212 
Infratemporal crest, 234 
fossa, 207 

i Tnfratrochlcar nerve, 910 
' Infundibula of kidney, 1183 
j Infundibuliform fas(jia, 510 
i Infundibulo-pelvic ligament, 
1225 

Infundibulum of brain, 851 
of Fallopian tube, 1221 
of heart, 000 
of nasal fossa, 1004 
Inguinal canal, 1204 
glands, deep, 770 

applied anatom^v of, 777 
superficial, 770 
hernia, 1 1 5!) 

Tnion, 279 

Iril(‘t of ])el\ is. 327 

Innominate arl(‘ry, 023 

a]»j»lied anatomy of, ti24 
j^eeuliariti(*R of, 024 
bone, 320 

articulations of. 327 
ossilication of, 320 
veins, 747. 748 
])eciiliarili(‘S of, 748 
Insertion of muscles, 454 
Insula, 802 

Inti'ralveolar eell-islets, 1 179 
Iriterarticular ehomlro-sleinai 
ligamentH. 389 
costo-ecntral ligaments, 380 
tibro -cartilage, 23 
of acromio-claviciilar joint, 
402 

of knee. 434 
of radio-ulnar joint, 414 
of sterno-clavicjular joint, 
400 

of tempo ro- mandibular 
joint, 383 
ligament of rib, 380 
Intoraurionlar groove, 002 
In ter- brain, 844 
Intercaveuious sinuses, 742 
Intercellular biliary (passages, 
1171 

Intercontral articulations, .373 
Iritoi’chondral ligaments, 390 
Interclavicular ligament, 400 
Interclinoid ligament, 237 
Interoolumnar fascia, 509 
fibres. 509 

Tntorcondyloid notch, 337 
Intercostal arteries, 084 
anterior, 065 
superior, 005 
fasciie, 500 

A lymphatic glands, 789 
membranes, 600 
muscles, 500 
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Intercostal nerves, 966 
spaces, 207 
veins, 750 
suj»erior, 748 

Intcrcosto- humeral nerves, 968 
Interciineiform articulations, 
448 

Interglobular spaces, 1098 
Interior of bladder, 1198 
of larynx, 1 066 
of ulei-us, 1223 

Interlobular arteries of kidney, 
1188 

biliary plexus, 1171 
IntermedLate cell- mass, 90 
Inlermetacaipal articulations, 
422 

Intermetatarsal articulations, 
450 

Intermuscular septa, 456 
of arm, 537 
of thigh, 567 

Internal abdominal ring, 516 
annular ligament, 587 
calcanean m*rve, 982 
ea])suh‘ of brain, 873 
i;arutid artery, 643 
(mtaiieous nerve, 958 
ear, 1047 

iliac lym()hatiG glands, 
779 

vein, 755 
jugular vein, 733 
mammary artery, 663 
branches of, 638 
glands, 789 
veins, 748 

maxillary artery, 637 
branches of, 638 
me<liillary lamina, 847 
obliifuo muscle, 510 
occipital <Tesl, 216 
os utej'i, 1 223 
plantar artery, 725 
nerve, 983 
popliteal nerve, 981 
pterygoid x)lalu, 236 
pudic nerve, 701 
saphenous nerve, 976 
vein, 752 
secretion, 76 
s}ihineter of anus, 523 
Interneural articulations, 375 
Internodal ^gments of nerves, 
46 

Interossci muscles, dorsal, 
of foot, 59JI 
of hand, 657 
palmar, 557 ^ 
idontar, 501 

Interosseous arteries of hand, 
677, 678 
of foot, 722 
of forearm, 680 
rcfcuri'cuit, 081 

Interosseous membrane of fore- 
arm, 414 
of leg, 439 
nerve, anterior, 960 
posterior, 965 
veins of forearm, 747 
Interparietal bone, 217 
Interpeduncular spi^o, 854, 
Int'Crphalangcai articulations, 
423, 451 

Interpubio disc, 397 


Intersegmental neurons, 801 
Intersigmoid fossa, 1132 
Interspinales muscles, 498 
Intcrapinous ligaments, 376 
; Literstemal ligaments, 390 
I Intertarsal articulations, 444 
1 Intertransversales muscles, 
j 408 

lateralos, 498 
j mediales, 498 
I Intertransverso ligaments, 37 1> 
Intertrochanteri(5 line, anterior, 

I 334 

, )josterior, 335 

' Intertuboreular ])iane, 1119 
Intcrtubular stroma of kidney, 
I 1 189 

i Interventricular groove's, 602 
! septum, 609 
Tntervertel]U;al discs, 374 
foramina, 183 
noti'.bos, J83 
j Intervillous spacses, 99 
> Intestine, apxdied anatomy of, 
I 115J* 

development of, 155 
large, J i 48 
eoats of, 1 1 55 


Jacob’s membrane, 1023 
' Jacobson, cartiLige of, 1005 
foramen for nerve of, 228 
nerve of, 932. 1046 
organ of, 112, 1005 
Jaw, lower, iSVr Mandible 
upper. Sit Maxilla 
Jejunum, 1142 

lymjdiatic vessels of, 785 
Jelly of Wharton, 19 
Joint. Sec Syndesmology 
Jugular foramen, 2t)4 
fossa, 228 
ganglion, 932 
lymphatie glands, 771 
process. 2H> 
vein, anterior. 733 
external, 732 

applied anatomy of. 733 
internal, 733 

ap])lied anatomy of. 734 
' posterior external, 733 
primitive, 146 
sinus or bulb, 733 
surface, 228 

' Jiigum sphenoidale. 237 
! tub(‘, 1186 


lymphatics of, 784 
small, 1139 
coats of, 1143 
surface relations of, 1157 
vessels and nerves of, ] 
1147 ; 

IntracartilagiriouH ossiheation, 
31 

intraepit hclial.plexus of cornea, 

IntragfWil^^Sti^^29 
In tra jugular process, 210 
Intralobular veins, 1169 
liitrair.embranous ossification, 
30 

Tntranu(!lt*ar network, 4 
Tiitraxmriotal sulcus, 859 
Intrasj)inal A^'ins, 751 
Intrathyroid cartilage, 1060 
Intrinsic muscles of tongue, 
480 

Involuntary muscle, 40 
Iris, 1017 

Irregular bones, 182 
Ischiu-capsular ligament, 424 
Tschio-rcctal fascia, 521 
fossa, 522 

apxjlied anatomy of, 522 
Ischium, 323 • 

body of, 323 
ramus of, 324 
spine of, 323 
tuberosity of, 324 
Island of Keil, 862 
• convolutions of, 862 
development of, 126 
limiting sulcus of, 862 
Islands of Langerhans, 11 79 
Isthmus, aortic, 621 
of auditory canal, 1038 
of Fallopian tube, 1221 
faucium, 1091 

of limbic lobe, 863 • 

of thyroid gland, 1 235 
rhombciicephali. 119 ’ 

Iterohordo) antcrius, 1040 
chordae posterius, 1040 
Ivory of tooth, 1097 


Karyokinesis, 4 
Karyomitosia, 4* 

Karyophism, 79 
Keratin, 14 • 

Korkring, valves of, 1143 
K(^ and Retzius, foramina of, 
836, 897 
Kidneys, 1180 
apiJied anatomy of, 1 1 9t) 
calyces of, 1183 • 

cortical substance of, 1184 
development of, 174 
fascia renalis, 1183 
fixation of, 1183 
hilus of, ] 182 
infundibula of, il83 
lymx)hatie vtsssels of, 787 
Malx)ighian bodies of, 1185 
tufts of, 1185 

medullary substance of, 1184 
minute) anatomy of, 1185 
nerves of, 1189 
paranephric body, 1183 
IX'lvis of. 1184, 1191 
renal artery, 694, 1187 
sinus, 1183 

surface marking of, 1189 
tubuli uriniferi, 1 1 85 
veins of, 1189 

weight and dimensions of, 
1180 

Knee-joint, 430 * 

applied anatomy of, 438 
bursa; of, 435 
surface form of, 438 
KoUiker, membrane of, 1057 
Krause, end- bulbs of, 50 
membrane of, 38 
Kiihne, motor end plate of, 53 

Lafibe, posterior anastomotic 
vein of, 737 
Labia cerebri, 865 
majora, 1 230 • 

minora, 1231 
Labial artery, 633 
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Labial glands, 1089 
nerves from superior inaxil- 
laiy, 912 

Labio-dcntal strand, 1099 
Labium tympanioum, 1055 
vcstibulare, 1055 
Labyrinth, membranous, 1051 
arteries of, 1058 
osseous, 1047 

Lachrymal apparatus, 1032 
applied anatomy of, 1033 
development of, 133 
artery, 647 
bone, 247 

articulations of, 248 
lesser, 248 
ossification of, 248 
canals, 1032 

ampullae of, J032 
caruncula, 1031 
crest, 248 
fossa, 221, 245 
gland, 1032 

inferior part, 1032 
superior part, 1032 
groove, 244 
nerve, 909 
notch, 243 

papilla, 1029, 1032 ■ 

process of ig^ferior turbinated 
bone, 253' ( ! 

puncta, 1032 I 

Ba6\ 1032 
tubercle, 245 

Lactoals, 763 I 

Lactiferous ducts, 1233 ! 

Lacuna magna, 1201 | 

Laoume of bone, 27 { 

Howship’s, 26 | 

latcrales, 898 I 

of urethra, 1201 ! 

Lacus loorimalis, 1020 i 

Lagena, 1057 I 

Lambda, 219 

Lambdoid suture, 217 i 

Lamella of bone, articular, 366 
LaiucUffi of bone, 28 * 

circumfurcntial, 27 
interstitial, 27 
primary, 27 
secondary, 27 
Lamellar cells, 15 
Lamina basalis, 1016 
chorio-capillaris, 1016 
cornea of corpus striatum, 
875 

cribrosa, 227 
sclerie, 1012 
dental, 1099 
^orsal or alar, 117 
elastica anterior of cornea, 
1014 I 

posterior of cornea, 1014 i 

reticularis, 1057 | 

spiralis ossea of cochlea, 1051 
spiralis secundaria, 1051 ' 

Buprachorioidea, 1012, 1015 
tenninalis, 122. 851 
vasculosa, 1015 
ventral or basal, 117 (, 

of the vertebrae, 183 ' 

Laminae, nasal (foetal). 111 « 

Lanoisi, striae of, 864 
Langerhans, centro-acinar cells 
.of, 1179 
imnds of, 1 179 


Langhans, layer of, 86 
Langley’s ganglion, 1112 
Lantermann, segments of, 46 
Lanugo (footal hairs), 115 
Large cavernous nerve, 1000 
deep petrosal nerve, 913 
intestine, 1148 
cfecum, 1149 
colon, 1151 
iloo-caccal valve, 1 150 
rectum, 1154 

supcrBcial petrosal nerve, 
913, 924 

Laiyngcal artery, inferior, 662 
superior, 630 
nerve, external, 936 
inferior, 936 
internal, 936 
recurrent, 936 
superior, 936 « 
saccule, 1166 
sinus, 1066 
Laryngotomy, 1074 
Laiynx, 105?) 

actions of muscles of, 1069 
applied anatomy of, 1073 
arteries of, 1070 
cartilages of, 1059 
cavity of, 1065 
glands of, 1069 
ligaments of, 1063 
lymphatic vessels of, 772 
mucous membrane of, 1069 
muscles of, 1067 
nsrves of, 1070 
rima glottidis of, 1066 
suiJcrior aperture of, 1066 
Huriace form of, 1073 
veins of, 1070 
ventricle of, 1066 
vestibule of, 1065 
vocal cords of, false, 1066 
true, 1066 

Lateral area ofanedulla, 813 
basis bundle, 807 
cornua of spinal cord, 799 
nerve-cells in, 802 
ligaments of liver, 1168 
limiting zone, 807 
longitudinal striie, 804 
mass of ethmoid, 239 
m8b»d6rm, 90 
nasal artery, 633 
processes, 110 
occipital sulcus, 860 
recesses of fourth ventricle, 
835'; 

sacral arteries, 704 
sinuses of brain, 739 
ventricles of brain, 867 
Latissimiis dorsi muscle, 490 
Layer of Langhans, 86 
of rods and oones, 1023 
Layers of cerebral cortex, 
880 

Tjecithin, 7 

Left lobe of liver, 1167 
Leg, bones of, 320 
fascia of, 579 

deep transverse, 583 
muscles of, 579 
back of, 581 
front of, 679 
Lemniscus, 842 
Lens, ciystalline, 1025 
capsule of, 1025 


Lens, changes produced in, by 
age, 102) 

development of, 131 
equator of, 1025 
poles of, 1025 
structure of, 1026 
suspensory ligament of, 1025 
vascular capsule of, 131 
vesicle, 128 

Lenticular ganglion, 910 
nuoleus, 872 
process of incus, 1044 
Lesser curvature of stomach, 
1133 

internal cutaneous nerve, 
959 

lachrymal bone, 248 
omentum, 1127 
sac of i)critoneum, 1126 
boundaries of, 1127 
wings of sphenoid, 236 
Leucocytes, 8 
development of, 10 
Levator anguli oris, 464 
Bcapulte, 492 
ani, 519 

gland ulffi thyreoidcse, 1236 
labii inferioris, 466 
Buperioris, 464 
alsequc nasi, 464 
menti, 466 
palati, 484 
palpobr®, 461 
prostatee, 620 
Levatorcs costarum, 601 
Liebcrkiihn, crypts of, 1146 
Lieno-renal ligament, 1 120 
Ligament ob Ligaments — 
acromio-clavicular, inferior, 
401 

superior, 400 
alar of knee, 434 
of ankle, anterior, 441 
lateral, 441 

annular, of ankle, 586 
external, 587 
internal, 587 
of radius, 413 
of wrist, anterior, 550 
posterior, 551 
arcuate. 502 
astragalo-navicular, 445 
atlanto-axial. aplerior, 377 
posterior, 378 
of bladder, false, 1107 
true, 1196 

broad ligaments of uterus, 
1225 

calcaneo -«astragaloid, an- 
terior, 444 
external, 444 
internal, 444 
interosseous, 445 
posterior, 445 

calcaneo-ouboid, internal, 446 
long, 446 
short, 446 
superior, 446 

«alcaneo-navicular, inferior, 
447 

superior, 447 

capsular, see Individual 
• Joints 

carotico-clinoid, 237 
carpo - metacarpal, dorsal, 
420 
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LlO AMENT OR LlO AMENTS (COnU) 
carpo-mctacarpal, interos- 
seous. 421 
palmar, 421 
of carpus, 418 

centraJ, of spinal cord, 899 I 
ohci;k, 382 

of eye, 1011 j 

chondro-stemal, anterior, | 
388 

posterior, 389 

chondro-xiphoid, 390 j 

common vertebral, anterior,' 
373 

posterior, 373 
conoid, 402 
of Cooper, 510 
coraco-acromial, 403 
Goraco-clavicular, 402 i 

ooraco-humcral, 404 
coronary, of knee, 434 I 
of liver, 1123 
cos to- clavicular, 400 
costo-coraooid, 631 
cos to- transverse, 387 
costo-vcrtebral, or stollaUs 
386 

cotyloid, 425 
crico-ary tenoid, 1 064 
crico- tracheal, 1064 
crucial, of knee, 432 
ermnform, 378 
cuboideo-navicular, 448 
cuneo-cuboid, 448 
cuneo-navicular, 447 
deltoid, 441 
of elbow, 409 
anterior, 409 
external lateral, 410 
internal lateral, 410 
posterior, 409 
falciform, of liver, 1122 
of pelvis, 395 
gastro-phrenie, 11,34 
(jiimbernat's, 510 
gleno-humeral, 404 
glenoid, 405 
of Henlc, 513 
of Hosselbach, 513 
of bip, 423 
hyo-cpiglottio, 1064 
ilio-femoral, 425 
ilio-lum))^r, 393 
ilio-pectineal, 564 
ilio- trochanteric, 425 
of incus, 1045 
infundibulo-pclvic, 1225 
interarticular, of ribs, 380 
interchondral, ^90 
intorclavicular, 400 
intcrclinoid, 237 
intercuneiform, 448 
interrnotacarpal, 422 
intermetatarsai, 4.50 
intei^halangeal, 423, 451 
interspinous, 376 
intersternal, 390 
intertarsal, 444 
inteitransverse, 376 » 

ischio-oapsular, 424 
of knee, 430 
of larynx, 1063 
lateral patellar, 430 • 

left lateral of liver, 1168 
lieno-renal, 1126 J 

long plantar, 446 


Ligament or Ligaments (cont.) 
. 1 umbo-sacral, 393 
of melleus, 1045 
metacarpo-phalangeal, 422 
inetatarso-phalangeal, 451 
mucosum, of knee, 434 
nuchse, 370 
oblique, 414 
sacro-iliac, 394 
oecipito-atlantal, anterior, 
380 

lateral, 381 
l) 08 terior, 380 
occipito-axial, 382 
odontoid, 382 
orbicular, 413 
of ovary, 1219 
palpebral. 1030 
of patella, lateral, 430 
of pelvi^ 393 
phronico-pericardiac, 758 
phi'eno-eoljic, 1153 
of the pinna, ]03<> 
plantar, 446 
posk 'or, of knee, 431 
Pou part’s, 509 
I)terygo-mand ibular, 467 
pU;rygo-spinous, 237 
pubic, anUirior, 390 
posterior. 397 
superior, 397 
}»ubo-femoral, 424 
imbo-prostatic. 1196 
(juadrate, 413 
radio-carpal, 415 
of radio-ulnar joint, inferior, 
414 

middle, 413 
superior, 413 
rhomboid, 400 
right lateral of liver, 1 168 
round, of hip, 425 
of liver, 1168 
of u torus, J225 
sacro-coccygoal, 396 
sacro-iliac, antciior, 394 
8acro-8(;iatic, great, 394 
small, 395 
sacro-vcrtebral, 392 
of scapula, 403 . 

of slioulder, 404 | 

sphono-mandibular, 382 , 

spino-glenoid, 404 
spring. 447 
stellate, 386 

sterno-clavicular, anterior, 
400 * : 

posterior, 400 
sU'.rno-pericardiac, 600 
of sternum, 390 
structure of, 366 
stylo-hyoid, 478 
stylo-mandibular, 384 
Bubpubic, 397 
superficial transverse, of 
fingers, 5,53 
suprascapular, 403 
supraspinous, 375 
Buspcnsoiy' of axilla, 529 
of eye, 1011 

of lens, 1025 • 

of liver, 1122 , 

of mamma, 529 
■ of ovaiy, 1218 
of penis, 1214 
sutural, 368 


1271 

Ligament or Ligaments (con/.) 
synovial, 367 
tarsal, of eyelids, 460 
tarso-motatarsal, 449 
of tarsus, 444 
teres, of hip, 425 
thyro-arytenoid, 1066 
thyro-epiglottic, 1064 
thyro-hyoid, lateral, 10fi3 
tibio-fibular, 439 
transvcrsalis c;olIi uteri, 
1225 

transverse, of ankh', 440 
of atlas, 378 
of hij), 426 
hiinxcrol, 405 
of kn'eo, 434 
metacarpal, 422 
metatarsal, 4.50 
of scapula, 403 
trap<‘zoid, 402 

triangular, of urethra, 525, 
.527 

utero-sacral, 1225 
of uterus, 1225 ^ 

of vertebra*, 372 
of Winslow. 431 
of Wrisberg, 434 
of wrist, anterior, 416 
latural extqfiial, 4 1 (> 
internal, 416 
posterior, 416 
^‘-shaped of Bigelow, 425 
of ZiNN. 462 
Liganumta alaria, 434 
b re via, 544 
longa, 544 
subflava, 375 

suspensoria of mamma, .529 
Ligamentous action of musejes, 
372 

Ligaincntum ajiieis d(*ntis. 382 
arcuatum externum, 502 
intenium, 502 
medium, 503 
art/oriosum, 619 
dcrvticulatum, 899 
latum pulmonis, 1077 
mucosum, 434 
nucha*, 376 
patellae, 431 
pcctinaturn iridis, 1014 
postioum Winslowii, 431 
spirale, 10.54 
teres. 42.5, 1168 

Ligature of arteries, net each 
Artery 
Ligulcc, 836 
Limbic lobe, 862 
Limbs, bones of the, 286 ^ 
development of, 113 
Limbus laminae spiralis, 1055 
Limiting zone, lateral, 807 
Line or lines — 
coloured, of Ketzius, 1098 
curved, of ilium, .320 
of occipital, 214 
incremental of Salter, 1098 
intertrochanteric, 334 
Vi^laton’s, 428 
oblique of fibula, .347 
of mandible, external, 255 
internal, 256 
of .radius, 306 * 
of tibia, 344 
of Sc^eger, 1098 
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Lino or lines (fo/i/.) 

spiral of femur, 334 ! 

Linea alba, 514 
aspcra, 335 
ilio- pec tinea, 322 
intercondyloidea, 337 
quadrata, 335 
splendens, 898 
suprcma, 214 
Linesc semilunares, 514 

transversne of abdomen, 513 
Lingual artery, 030 

applied anatomy of, ()31 
branches of glosso -pharyn- 
geal nerve, 932 
lobule, 800 
nei ve, 910 
strand, 1099 
lonsil, 1100 
veins, 734 

Lingualis inuselo, inferior, 482 
superior, 481 
transverse, 481 
vertical, 481 

Lingula^f eerehellum, 827 
of mandible, 250 
of s])henoid, 233 
Lips, 1089 

arteries of, 033 
Liquor anmii, 94 
sanguinis, l6 c 
Lissauer, tract of, 807 
Littri, glands of, 1201 
Lim:k, 1103 

applied anatomy of, 1174 
bile ducts of, 1 171 
developiiionl ol, 104 
fissures of, 1100 
hepatic artery, 088, 1108 
cells, 1170* 
duet, 1171 
veins, 700, 1108 
ligaments of, IH)8 
lobes of, 1107 
lobules of, 1109 
lymphatic vessels of, 780 
microscopie appearanve of, < 
1170 

nerves of, 1108 
portal vein, 700 
situation, size, and weight, 
1103 

structure of, 1>08 
surface relations of, 1173 
surfaces of, 1104 
vessels of, 1 1 08 

Lobes of cerebral hemisphere, 
857 

euneus, 800 
frontal, 857 

iAsula, or island of Jloil, 
802 

limbic, 802 
occi])ilal, 800 
olfactory, 803 
parietal, 859 
precuneus, 8r>0 
quadrate, 8(50 
temporal, 801 

Lobes of cerobellum, 825 ^ 
of liver, 1 107 

of lung. 1082 ^ 

of prostate, 1216 
of thymus, 1238 
of thyroid, 1235 
Lotfulc of the ear, 1035 


Lobule, lingual, 800 
i paracentral, 859 
Lobules of liver, 1109 
of lung, 1085 
Lobuli testes, 1207 
Lobulus centralis, 827 
Lobus caeuminis, 827 
caudatus, J 1 07 
clivi, 827 
culminis, 827 
gracilis, 829 
noduli, 829 
pyra midis, 829 
quadrat us, 1107 
Spigelii, 1107 
tuborK 829 
uviiirc,-829 

Localisatftn, cert^bral. 885 
LockwQod, superior tendon of, 
402 ^ 

Locus caoruleus, 83S 

perforaius anticus, 804 I 

postic us, 838 
fjong bones, 181 
buccal nerve, 915 
ciliary nerve, 910 
saphenous nerve, 97(i 
saphenous vein, 752 
thoracic artery, 070 
Longissimus dorsi innsclt', 190 
Longitudinal fasciculus, : 

inferior, 879 ! 

porpcmdicular, 879 I 

jjosterior, 841 i 

superior, 879 
fissure of brain, 854 
of livt‘r, 1107 

sinus of brain, infeuior, 738 
superior, 737 
striic, lateral, 8t>4 
mesial, 804 

Longus eolli muselo, 487 
Ijoop of Henh^, 1180 
Lowenthal, trac^t of, 805 
Lower extremity, arteries of, , 
707 j 

articulations of, 423 
bones of, 320 

fasclao of, 503 , 

lymphatic vessels of, 777 1 
muscles of, 503 * 

surface form of, 593 1 

nerves of, 970 I 

veins of, 752 j 

Lower visual centres, 852 | 

Low R 11, tulsircle of, 005 I 

Ludwig, an^e of, 204 I 

Lumbar arteries, 095 ; 

enlargement of spinal cord,! 

798 I 

fascia or aponeurosis, 493 
ganglia of sympathetic, 995 j 
lymphatic glands, 780 ! 

nerves, anteiior divisions of, i 
909 ; 

posterior divisions of, 948 1 
plexus of nerves, 970 I 

portion of sympathetic cord, 1 
994 

ap])lied anatomy of, 

* 980 

^ regions of abdomen, 1 121 
vein, ascending, 759 
veins, 759 

vertebraj, 190 1 

ossification of, 197 i 


LumbO’Sacral cord, 970 
ligament, 393 
plexus, 959 

Lumbricales muscles of foot, 
590 

of hand, 550 
Lung-buds, 106 
Lungs, 1081 
air-sacs of, 1086 
applied anatomy of, 1087 
capillaries of, 1086 
development, 166 
lobes and Ossures of, 1082 
lobules of, 1086 
lymphatic vessels of, 792 
nerves of, 1086 
root of, 1083 
structure of, 1085 
surface marking of, 1086 
weight, colom*, &c., 1084 
Lunulffi of nails, 68 

of semilunar valves, 607 
Lusohka. foramina of, 836, 
897 

gland of, 1247 
Luj'^s, nucleus of, 850 
Lymph, 11 
capillaries, 11 
path or sinus, 62 
sacs (foetal), 149 
Lymphatic duct, right, 766 
Lymphatic glands of abdomen, 
778 

aortic, 780 

applied anatomy of, 764 
auricular, })Osterior, 767 
axillary, 773 
bronchial. 792 
buccal, 768 
cervical, anterior, 772 
deep, 772 

applied anatomy of, 
772 

Cloquet, g4and of, 776 
coronary, 781 
diaphragmatic, 790 
facial, 768 
of head, 767 
histology of, 01 
hypogastric, 779 
Uiac, common, 780 
external, 779 
internal, 779 
inguinal, 770 * 

applied anatomy of, 777 
intercostal, 789 
jugular, external, 771 
lingual, 709 

of lower extremity, 775 
lumbar, ?80 

mammary, internal, 789 
mandibular, 768 
mastoid, 707 
maxillary, 768 
internal, 769 

mediastinal, anterior, 791 
posterior, 792 
mesenteric, 782, 784 
n. of neck, 770 
obturator, 779 
occipital, 757 
pancreatico-duodonal, 784 
, pararqptal, 784 
parotid, 768 
of pelvis, 778 
* popliteal, 775 
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Lymphatic glands, prinicipaL 

gland of tongue, 770 
retro-pharyngeal, 7f59 
of Rosenmuller. 770 
sacral, 779 * 

of small int<?stine, 700 i 

sphmic, 782 ' 

tStahr, middle gland of, 
771 

of stfimach, 759 
sub maxillary, 771 
submental, 771 
suprahyoid, 771 
of thorax, 789 
tiliial, anterior, 775 
tracheo- bronchial, 792 
of upper extremity, 772 
Lymphatic vessels of abdo- 
minal viscera, 784 
of abdominal wall, 781 
of anal canal, 785 
of anus. 785 
of appendix, 785 
applied anatomy of, 704 
of bladder, 788 
broncho - mediastinal 
trunk, left, 706 
right, 707 
of ca?eum, 785 
of clitoris. 781 
of colon, 785 

of common bile-duct, 787 
of diaphragm, 790 
f)l duodenum, 784 
of external genitals, 781 
of face, 769 
of Fallopian tubes, 789 
of gall-bladder, 787 
of gluteal region, 777 
of bead, 7t)9 
of hc^ari, 792 
liistiology of, 60 
of ileum, 785 
intestinal tAink, 766 
of jejunum, 785 
jugular trunk, left, 766 
right, 767 
of kidneys, 787 
of labia, 781 
lacteals. 763 
of large intestine, 785 
of larynx,' 772 
of liver, 786 
of lower extremity, 777 
lumbar trunks, 76(i 
of lung, 792 

of mammary gland, 790 
of mouth, 770 
of nasal fossqj, 770 
of neck, 772 
of nymphflp, 781 
of (esophagus, 793 
of ovary, 789 
of pancreas, 787 
of pelvis, 781, 784 
of penis, 789 
of perinseuni, 781 
of pliarynx. 772 
of ])inna, 769 • 

of pleura, 793 
of prostate, 788 
of rectum, 785 
of reproductive argans, 71 
of scalp, 769 
of scrotum, 781 
of small intestine, 785 


Lymphatic vessels of spleen, 787 
of stomach, 784 
subclavian trunk, left, 76(» 
right. 767 

of sujirarenal glands, 787 
of testes, 789 
of thoracic viscera, 792 
of tihoracic wall, 790 
of thyroid body, 772 
of tongue, 770 
of tonsil, 770 
of upper ext reniily. 775 
of ur(‘ter, 788 
of ui'cthra, 789 
of urinaiy organs, 787 
of uterus, 789 
of vagina, 789 ^ 

of vas deferens, l89 ‘ 
of vermiform appendix. 785 
of vesityilic scminales, 789 
Lym]>hoeyt(\ 8 
Lymphoid tissue, 20 
Lyra of fornix, 875 


Mcllurney’s spot, 1157 
Macula acustica sacculi, 1053 
utriculi, 1052 
cribrosa media, 1048 
superior, 1048 
liitea, 1023 

Majoiidie, foramen of, 836, 897 
Malar artery, 647 
bone, 248 

articulations of, 250 
foramina of, 248 
fronto'-sphenoidal process 
of, 248 

maxillai-y process of, 250 
orbital process of, 248 
ossidcation of, 250 
leinporal process of, 250 
tubercle, 248 I 

canals, 248 , i 

nerves, from facnal, 925 
from tmnporo- malar, 911 
i process of maxilla, 245 
I Male un^thra, 1200 
Malleolar arteries, ext(^rnal and 
irdemal, 721 ; 

folds, anterior and ])osterior, i 
1043 

Malleolus, external, 348 ; 

i internal, 345 
I Malleus, 1043 

I dev(’lopmcni of, 1 34 ' 

! ligaments of, 1(1^5 | 

Malo- maxillary suture, 271 
Malpighi, pyramids of, 1184 
Malpighian bodies of kidney,, 
1185 1 

bodies of spleen, 1242 
capsules, 1185 i 

tufts, 1185 \ 

Mamillary process, 191 
Mam man, 1232 
applied anatomy of, 1234 
development of, 115 
lyin])hatic vessels of, 790 
nipple of, 1232 
structure of, 1233 • 

vessels and nerves of, 1234 , 
Mammary artery, internal, 663 , 
glands, 1232 

lymphatic vessids of, 790 
voiiis, internal, 748 


Mandible, 255 
articulations of, 2(»0 
body of. 255 

changes in, due to age, 260 
(!ondylar pr(»eess of, 257 
coronoicl process of, 257 
ossitieation of, 258 
ramus of. 256 
Mandibular arch, 108 
nerve, 927 
Mantle layer. 116 
Manubrium mallei, 1043 
of sternum, 204 
Margin, su]>raorbital, 221 
Marginal gyrus, 859 
layer or veil, 1 Ki 
Marrow of bone, 25 
red, 26 
yellow, 25 

Marshall, vestigial fold of, 148, 
(UN) 

Martinotti, cells of. 881 
MasscliT miiHch*, 468 
Masseteric artery, 639 
fascia, 467 • 

ntn've, 915 

Mastoid antrum, 226 
oj)cning of. 1041 
c(‘lls, 226, 1041 
foramen, 225 

[)ortion of 4em^)oral bone, 225 
process, 225 

Mat or tapeturn, 866 • 

Maternal blood- sin uses, 99 
Matrix of nail, 68 
of tooth, 1098 
Maturation of ovum, 79 
Maxilla, 242 

articulations of, 247 
changes in, due to age, 247 
oasilicatioii of, 247 
Maxillary arteiy, external, 631 
internal, 637 
bone, inferior, 255 
superior, 242 
nerve, inferior, 914 
superior, 91 1 

])rocess of inferior turbi- 
nated. 254 
of malar bom*, 250 
of palate bone, 252 
processes of feet us, 1 1 1 
sinus, 244, 1008 
tuberosity, 242 
vein, internal, 731 
Meatus acusticus internus, 227 
ext-ornus, 230, 1037 
ap])lied anatomy of, 
1038 

urinarius, 1201 
Meatuses of the nose, 276 
Mechanism of pelvis, 397 
of respiration, 505 
of thorax, 391 

Meckel’s cartilage, 108, 258 
diverticulum, 93 
ganglion, 912 

Media, refracting of eye, 1024 
Median nerve, 959 
^in, 74t) 

Mediastinal arteries, from in- 
ternal mammaiy, ()64 
lymphatic glands, anterior, 
791 ' • 

posterior, 792 
subploural plexus, 665 
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Mediastinum, 1078 I 

anterior, 1079 
applied anatomy of, 1080 
middle, 1079 

posterior, 1079 , 

superior, 1078 
testis, 1207 

Medio-tarsal joint, 443, 447 
Medulla OBrjONOATA, 811 

applied anatomy of, 822 | 

arcuate fibres of, 830 
areas of, 812, 813, 814 I 
development of, 119 | 

fasciciduB cuneatus of, 816 1 
gracilis of, 8l6 
of Rolando, 816 j 

fissuros'of, 812 I 

formatio reticularis of, 821 
grey matter of, 818 i 

lateral area, 813 
olivary body of, 813 
posterior area of, 814 ' 
pyramids of, 812, 81.5 
raphe of, 812 
resfjform bodies of, 81.5 
structure of, 815 
Medulla of hair, 70 
Mcdullai^ artery of bone, 26 
canal of bone, 25 
formation of, 3.3 
centre of hamispheres of 
brain, 878 
lolds, 88 

lamina, external, 847 
internal, 847 

latuinic of nucleus len- 
ticularis, 872 
membrane of bone, 25 
portion of kidney, 1184 
i)f suprarenal glands, 
1240 

segments of nerves, 46 
sheath of nerve-fibres, 46 
Hjiaces of bone, 29 
velum, inferior, 829, 831 
superior, 831 

Mcdullaied nerve- fibres, •4.5 
Meibomian glands, 1031 
Meissner’s iilexus, 1 148 
tactile corpuscles, 50 
Melanin, .36 

Membrana basilaris, 1049, 
1065 

granulosa of GraaQan follicle, 
1220 

hyaloidea, 1025 
limitans externa of retina, 
1021 

interna of retina, 1023 
lyctitans, 1031 
propria, 17 
pupillaris, 131, 1019 
sacciformis, 415 
tectoria, 836 
tympani, 1043 

structure of, 1043 
secundaria, 1041 
Membrane, arachnoid, 895 
of Bruch, 1016 
of Corti, 1057 • 

oosto-coraooid, 630 
crioo-thyroid, 1064 
of Desoemot, 1014 
eztemid limiting, 1023 
feinestrated, 55 
hyaloid, 1025 
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Membrane, hyoglossal, 1106 
intercostal, 56k) , 

internal limiting, 1021 1 

interosseous, of forearm, 41 4 j 
of leg, 4,39 j 

Jacob’s, 1023 

of KbUiker, 1057 ; 

of Krause, 38 j 

nuxlullary of bone, 25 
of Nastny th, 1 101 ! 

nuclear, 4 | 

obturator, 67.5 
pupillaiy, 1019 
of Reissner, 1053 
Schneiderian, 1005 
thyro-hyoid, 1063 
vitelline, 83 

MBHOftAVKS — ^ 

baeuknent, 20" j 

of brain and spiral cord, 892 
rtf embryo, 92 
mucous, 73 ^ ’ 

serous, 72 
synovial, 73, 367 
Mf'mbranous primordial cra- 
nium, 105 

canal of cochlea, 1053 
labyrinth, 1051 
portion of urethra, 1200 
semicircular canals, 1053 
vertebral column, 103 
Meningeal artery, from ascend- 
ing pliaiyngeal, 636 
I anterior, from internal 

carotid, 646 

, middle, fi-om internal 

! maxillaiy, 638 

from occipital, 634 
i posterior, from vertebral, 

i 6,59 

' small, from internal maxil- 

lary, 639 

layer of dura mater, 894 
nerves from hypoglossal, 940 
from superior maxillary, 

‘ 911 

Meninges of brain and spinal 
cord,<^2 
Menisci, 369 
Mental foramen, 255 
nerve, 917 
point, 279 

' protuberance, 255 
' tubercles, 255 
Mesencephalic root of fifth 
nerve, 906 

Mesencephalon, 121, 838 
Mesenteric artery, inferior, 693 
superior, 690 

lymphatic glands, 782, 784 
plexuses of nerves, 999 
vein, inferior, 762 
superior, 762 

Mesentorioo-parietal fold, 1065 
Mesenteries, 1129 
development of, 158 
meso-appendix, 1150 
pelvic mesocolon, 1129 
transverse mesocolon, 1129 
Mesenteiy proper, 1129 
Mesial fillet, 843 
^ longitudinal stris, 864 
Meso-appondix, 1160 
Mesoblast, 87 
Mesocardium, arterial, 600 
, venous, 600 


Mesocolon, foetal, 158 
pelvic, 1129 
transverse, 1129 
Mesoderm, 88 
formation of, 87 
lateral, 90 
par(;»xial, 90 
Mosodermic somites, 91 
Mesogastrium, dorsal, 158 
ventral, 157 
Mesognathion, 285 
Mesonephros, 168 
Mesorchium, 172 
Mesosalpinx, 1225 
Mesosternum, 203 
Mesovariura, 172, 1219 
Metacarpal artciy, 664 
bones, 315 

applied anatomy of, 320 
articulations of, 317 
common charact^TS of, 315 
ossification of, 319 
peculiar characters of, 316 
Metocarpo-phalangeal articu- 
lations, 422 
Metacarpus. 315 
Motanephros, 174 
Metaphase of karyokinesis, 5 
Motasternum. 203 
Metatarsal artery, 722 
bones, 358 

common characters of, 358 
peculiar characters of, 369 
Metatarso'i^halangeal a rl icu- 

lations, 451 
Metatarsus, 358 
ossification of, 362 
Mctathalarnus, 122, 848 
Metencephalon, 119 
Metopic suture, 220 
Moynert, basal optic miehms 
of, 851 

fasciculus retroflexus of, 849 
fountain decussation of, 844 
substantia inntuniiialH of, 
874 

Microcytes, 7 
Micropylc, 79 
Mid- brain, 121, 838 
ventricle of, 844 
Mid-carpal joint, 418 
Mid-gut, 150 

Middle cerebral arjery, 650 
cervical ganglion, 992 
clinoid processes, 232 
commissure, 854 
oomu of lateral ventricle, 
868 

ear, or tyisipanum, 1039 
fossa of skull, 273 
frontal convolution, 868' ' 
haemorrhoidal artery, 699 
internal frontal artery, 648 
meatus of nasal fossa, 276 
mediastinum, 1079 
meningeal artery, 638 
odontoid ligament, 382 
sacral artery, 696 
veins, 785 
Milk teeth, 1096 
! Mitochondrial sheath, 82 
Mitral oeUs, 883 
valve, 609 

Mixed articulations, 369 
• Moderator band, 607 
I Modiolus of cochlea, 1049 
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Molar glands, 1091 ' MtrsoLB or Muscles (cent.) 

teeth, 1095 i skeletal, 30 

Molecular laver of cortex of' striped, 36 

cerebellum, 832 j structure of, 36 

of cerebrum, 881 ' synergic. 454 

Moll, glands of, 1029 tendons of, 455 

Monakow, tract of, 805. triangular, 453 

Monaster, or mother Atari 5 unstriped, 40 
Monro, foramen of, 122, 876 voluntary, 36 
sulcus of. 122. 854 Muscle or Muscles, Desenp- 


Mons Veneris, 1230 
Montgomery, glands of, 1233 
Morgagni, hydatid of, 168, 
1206, 1221 
columns of, 1156 
sinus of, 483 
Morula, 84 
Moss-6bres, 833 

Mother star, or monaster, 5 j 
Motor areas of cerebral cortex, 
885 

decussation, 813 
end’platcs, 53 
nerves, 53 
oculi nerve, 903 

applied anatomy of, 905 
tract, 888 
Mouth, 1089 

development of, 161 
lymphatics of, 770 
mucous membrane of, 1090 
Movable articulations, 369 
Movement admitted in joints, 
370 

Muoigen, 13 

Mucous glands of tongue, 1106 
membrane, 73 
tissue, 19 
Mucus, 73 

Miiller, fibres of, 1023 
ring muscle of, 1017 
Mullerian ducts, 170 
eminence, 170 
Multicuspid teeth, 10t)6 
Multihdus spime muscle, 497 
Muscle or Muscles, Histology 
oJ\ 36 

applied anatomy of, 454 
arrangement of fibres of, 37 
bipenniform, 453 
blood-vessels of, 40 
cardiac, 41 
columns, 38 

derivatiofl of names, 453 
development of, 42, 114 
fasciculi of, 36 
fibres of, 36 
fixation, 454 
form of, 463 ^ 

fusiform, 453 
in^rtion of, 454 
involuntary, 40 
lymphatics of, 40 
meaning of the terms ‘ origin ’ 
and ' insertion,’ 454 
mode of connection of, with 
bone, cartilage, skin, &c., 
454 

nerves of, 40 
origin of, 464 
pemiiform. 463 
plates, 102 

quadrilateral, 453« , 

rhomboidal, 453 
sarcouB elements of, 39 
sheath of, 37 * 


live Anat-omy — 
of abdomen, 506 
abductor hallucis, 588 
indicis, 557 

minimi digiti (foot), 589 
(hand), 656 
pollicis, 549 
accelerator urincR, 
accessorius ad ilio-ooitelem, 
496 

pedis. 589 

adductor brevis, 671 
kngus, 571 
magnus, 572 
o))bquus hallucis, 591 
pollicis, 554 

trans versus haUucis. 691 
pollicis, 565 
anconeus, 547 
antitragicus, 1037 
aryepiglotticus, 1068 
arytenoideus, 1068 
attollcns auriculam, 459 
attrahens auriculam, 459 
axillary arch, 490 
azygos uvulae, 484 
biceps, of arm, 537 
of thigh, 577 
biventer cervmis, 497 
bracliialis anticus, 538 
brachio-radiffilis, 545 
buccinator, 467 
cervicalis nseendens, 496 
choridro-glossus, 480 
ciliary, of eye. 1016 
coccygeus, 521 
com plexus, 497 
compressor naris, 464 
tiarium minor, 464 
urethrae, in female, 528 
in male, 526 

constrictor isthmi faucium, 
479« 

pharyngis inferior, 482 
medius, 483 
sujierior, 483 
eoraco-brachialii, 637 
corrugator cutis ani, 522 
supercilii, 461 
cremaster, 511 

crico-arytenoideus lateralis, 
1068 

posticus, 1068 
crico-thyroideus, 1067 
crureus, 569 
deltoid, 534 
depressor alee nasi, 464 
anguli oris, 466 
labii inferioris, 466 
detrusor urinae, 1107 
diaphr^m, 501 < 

digastric, 477 

dilatator naris, anterior, 464 
posterior, 464 
tube, 1042 

dorso-epitrochlearis, 492 


Muscle or Musoi.es ( coni .) 
ejaculator urine, 524 
erector cliteridis, 627 
penis, 524 
spine, 495 

extensor brevis digitorum, 
587 

pollicis, 548 

carpi radialis brevior, 546 
longior, 545 
uliiaris, 547 
coccygis, 498 
communis digitorum, 540 
indicis, 549 
lungUs digitorum, 580 
pod^cis, 549 
^'minimi digiti, 547 
ossis mctacarjii poll ie is, 
548 

proprius hallucis, 680 
external sphincter ani, 522 
of face, 450 

of femoral region, anterior. 
666 

internal, 57 1 • 
IK)8terior, 577 
of fibular region, 585 
flexor accessorius, 589 
brevis digitorum, 588 
hallucis, 690 
miniigi d%iti, of foot, 691 
of hand, 666 
pollicis, 554 • 

carpi radialis, 640 
ul naris, 541 
longus digitorum, 683 
Imllucis, 583 
pollicis, 544 

profundus digitorum. 643 
sublimis digitetum, 541 
frontalis 457 
gastrocnemius, 581 
gemellus inferior, 576 
superior, 676 
genio-hyo-glo8."as. 479 
genio-liyoid, 479 
gluicus maxinuis, 673 
medius, 574 
minimus, 576 
gracilis, 571 
of hand, 560 
of head and face, 456 
helieis major, 1036 
minor, 1036 
Homer’s, 460 
hyo-giossus, 480 
of iliac region, 564 
iliacus, 565 
ilio- coccygeus, 621 
ilio-eostalis, 496 
ilio-sacialis, 521 • 

incisivuB inferior, 467 
superior, 467 
infraeostal, 501 
infraspinatus, 536 
intercostal, 500 
internal sphincter ani, 523 
interossei, of foot, 591 
of hand, 556 
i^tcrspinales, 498 
intcrtransversales, 498 
of larynx, 1067 
* latissimus dorsi, 490 
of leg, 579 • 

levator anguli oris, 464 
! scapulas, 492 
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Muscjle (ui Muscles {cont.) 
levator ani, 519 
glandular thyn^oideee, 1236 
labii infcrioris, 466 
auporioria, 464 
alaequc naal, 464 
jiienti, 466 
palati, 484 
palpebrae, 461 
proatatae, 520 
Icvatorca coataruni, 501 
lingualia, 481 
longissimus dorai, 496 
longua colli, 487 I 

liimbricalea, of foot, 590 ! 

of hand, 556 a | 

iiiasacter, 468 | 

multi tidus spinac, 497 j 

muaculua accesaoriiiH ad ilio-^ 
coahdom, 496 | 

iiiylo- hyoid, 478 * 

Jibliquus abdominis oxter- . 
iius, 506 

intornua, 510 I 

auricula?, 1037 
capitia>itiferior, 498 
superior, 498 
oculi inferit)!*, 462 
su])orior, 462 
obturator extern us, 576 
interiiua, 575,, 
occipitalis, 457 
oc<ypito-frontalis, 456 
onio-hyoid, 476 
Qppoiiens minimi digiti, 556 
•poUicis, 554 
orbicularis oris, 466 
palpebrarum, 459 
of palate, 484 
palato-glossiia, MISo* 
palato-pharyngciis, 485 
palmaria brevis, 556 
longus, 541 
pectiiicua, 571 
pectoralis major, 529 
minor, 531 
of periiiicum, 521 c | 
pcroiieus brevis, 585 
longus, 585 
tertius, 580 
jiharyngo-gloaaus, 480 
of pharynx, 482 
of pinna, 1036 
plan tar is, 582 
platysma, 471 
popliteus, 583 
])ronator quadratua, 544 
tores, 540 
psoas inagnus. 51)4 
liar V us, 565 

^h/Ciygoid, external, 469 
internal, 470 
pubo-coccygcus, 521 
pubo-rectalis, 521 
pyramidalia abdominis, 514 
nasi, 403 
pyriformis, 575 
quadratus fern oris, 576 
lumborum, 517 
menti, 466 

quadriceps extensor cruris, 
568 

roc to-coccygeol, 1 155 
rectus p.bdomiiiis, 513 
capitia anticus major, 486 
minor, 486 


MuEri.E OR Muscles (cont,) 
rectus capitis lateralis, 486 
posticus major, 498 
minor, 498 

extern us, inferior, in temus, 
and superior f)f eyeball, 
462 

femoris, 569 

retraliena auriculam, 459 
rhomboidcus major, 492 
minor, 492 
risf)rius, 467 
rotatoros spime, 497 
Balpingo-})haryngeua, 485 
sartoriua, 568 
scalenus auticus, 488 
medius, 488 
posti(jua, 488 
semiiucmbranosus, 578 
semispinalis colli^497 
(forsi, 497 

semitcndiiiosus, 578 
serratus magnus, 532 
posticus, inferior, 493 
superior, 493 
of sole of foot. 587 
first layer, 588 
fourth layer, 591 
secorul layt'r, 589 
third layer, 590 
soleus, 582 
aphiiMJtci^ani, ^px 


Muscle or Muscles (conf.) 
traiisversus perinsei, in 
female, 526 
trapezius, 490 
triangularis sterni, 501 
triceps extPnsor cubiti, 538 
of tympanum, 1045 
of ureters, 1 197 
vastus extemus, 569 
internuB, 569 
zygoniaticus major, 464 
minor, 465 

Muscles of(toression, 470 
of pelvic mnlet, 521 
Muscular hbres of heart, 41, 
610 

Iiroccss of arytenoid, 1061 
substance of tongue, 480 
tissue, 36 

triangle of neck, 641 
Muscularis mucosse, 74 
Musculi jiapillares of left ven- 
tricle, 609 

of right ventricle, 607 
peetii^i of left auricle, 008 
of right auricle, 604 
pubo-vesicalis, 1 197 
Musculo-cutaneous nervt* of 
arm, 957 
of log, 985 

ihrcnic an 
jiral g] 

963 


!U 01 leg, 

■ ^ . Jjluspqhifth 


! 


recti, 521 
vagina*, 526 
vesic.T, 1197 
spinalis eoUi, 497 
dorsi, 4tM) 
splenius, 494 
capitis, 494 

, colli, 494^ 51 ^ ^ 

^.''stapedius. llJ45 

steriio-clcido-mastoid, 47 5 
jiterno-hyoid, 470 
I ’•"'.^t^no- thyroid, 476 
stylo -glossus, 480 
j stylo-hyoid, 478 

stylo-phaiyngous, 484 
subanconeus, 539 
subclavius. 532 
Buberureus, 570 
subscualdaris, 534 
supifnRr brevis, 647 
^ longus, 545 

suproaiunatus, 536 
temporal, 469 
tensor fascia* femoris, 568 
palati, 484 
tarsi, 460 
tyinpani, 1045 * 
teres major, 536 
minor, 536 

of thigh, 566 ^ ' 

thyro-arytejioidcus,. 1068 . 

thyro-opiglotticus, 
thyro-hyoid, '476 ; * ‘ ' 
tibialis anticus, 580 
posticus, 584 

of tongue, 479 ' 

trachealis, 1072 
traclielo-mastoid, 496 
tragicus, 1036 

transversalis abdominis, 512 
cervicis, 49(3 

trans versus auriculae, 1037 
perinaei, in male, 524 


* ' I Muscullis accessoiiuH ad ilio* 

^alem, 496 
incisivus inferior, 467 
superior, 467 
naso-labialis, 467 
suspensorius duodeni, 1142 
Myelencephalon, 119, 811 
Myelocytes, 26 
Myelf)j)laxes. 26 
Myelospongium, 1 1 5 


Mylo-hyoid 
groove, 
musctc', 478 
nerve, 917 
ridge, 256 
Myocardium, f)09 
Myocml, 91 
Myology, 453 
Myotome, 102 


Nails, 67 
lunula of,-68* 
matrix of, 68 
Nares, anterior, 1002 
-j posieriftr, 277 
* Nasal aperture, anterior, 277 
artery, lateral, 633 
of ophtbalmic, 648 
' bones, 241 

articulations of, 242 
ossitioation of, 242 
cartilages, 1002 
crest, 242, 246 
duct, 1033 
fossffi, 276, 1004 

applied anatomy of, 1008 
arteries of, 1007 
lymphatic vessels of, 770 
^ mucQps membrane of, 1006 
nerves of, 1007 
veins of, 1007 
vestibule of, 1004 
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Nasal groove, 242 
laminae (fnotal). 111 
nerve, 909 1 

nerves from Meckel’s gan-| 
glion, 912 

notch of frontal, 221 ; 

of maxilla, 242 
process, 221 

processes of fmtus, 110 I 

septum, 275 

spine. 221 i 

anterior, 242 
posterior, 25L''* 

Nasion, 279 ^ 

Nasmyth’s membrane, 1101 
Naso'labialis muscle, 467 
Naso-j»alatine nerve, 914 
art(‘ry, 640 
rc(!ess. 1005 
Naso-pharynx, 1114 
Navicular bone of foot, 35() 
Neck, lymphatic glands of, 
770 

lymphalic vessels of, 772 
muscles of. 471 
of tooth, 1093 
Iri angles of, 640 
veins of. 732 
Neiaton’s line, 428 
Neopalliuin, 125 
Nerve-cells, 44 _ . 

of oor|j|||||||||^^^ 

of (jeritbral c<irtex^|H^^i® 
of s])inal cord, 802^ 

Nerv (‘-(‘pithclium cell|i|||^ 
N<‘rve-lil)res, 45 r'lr 

medullated. 45 
noii-medullated, 47 
of cerebral cortex, 881 
Nerve-roots, anterior, 941 
jjosterior, 941 
Nerve-tracts of (jord, 804 
Nervkh, ffijilolo(/i/of\ 12 
ecrebi'o-spinal. 47 
develQiHii^tif, 47, 118 
endoileuTiuiib of^ 48 
epineurium of, 47 
fasciculi of, 47 
funiculi of, 47 
origins of, 49 
])ei'iiieuriuni of, 48 
plexus of, 48 
sheath of, 47 
spinal, jj|)ots of, 941 
sympathetic, 49 
termihailohs of, 49 
vessels of, 48 ‘ 

Nerves or Nerve, Descrip 

abducent, 92(^ 

‘accessory obturator, 974 
ano-cocoygeal, 986 
anterior crural, 974 
interosseous, 960 
superior doptal, 91 2 
thoracic, 956. 
tibial, 984 
Ar field’s, 935 
auditory, 927, 1058 
auricular, great, 950 
posterior, 925 
of auriculo-temporal, 916 
of vagus, 935 
auriculo- temporal, 916 • 
of brachial plexus, 953 
buccal, long, 915 


, Nerves or Nerve (coiit.) 

buocal of facial, 926 
1 calcanean, internal, 982 
I canliac, cci-vical, of vagus, 
936 

; of sympathetic, 992, 993 

thoracic, of vagus, 936 
carol ico-tympanic, 990 
I cav(‘rnou8, of penis, 1000 
cervical, anterior primary 
, divisions of. 949 

I cardiac, 936 

I of facial, 927 

I posterior primaiy divi- 

sions of, 945 

' superficial or transverse, 

•r....950 

ctwhlear, 1058 
1 cer\ ico-facial, 926 
I chorda tyinjiani, 925 
I ciliary, Ibng, 910 » 

, short. 91 1 
circ fmliex, 9.5(> 
coccygeal, anterior primary 
division of, 978 
po.sterior primary division 
of, 949 

cochlear. i)28, 1058 
coin rn unicans peronei, 984 
; tibialis, 981 

communioanles hypoglossi, 


. 1 * 

erwSr; anterior, 974 
deep palmar, of ulnar, 963 
temporal, til 5 

dental. ant-cTior siijierior, 912 
inf<‘rior. 917 
middle superior, 912 
j)ost<‘rior inferior, 912 
dea(5Ciiden^J^]»oglossi, 940 
digastric. licmi facial. 025 
digital, of median, 9(i2 
of ladial, 9(»5 ^ 

of ulnar, 9t>3 i * * ‘ 

of anterior tibial, 984 ’ 
of external plantar, 984 
of internal jdantar, 983 
of iiiuscnjlu-cutaiieoiis, 985 
dorsal, of penis, 986 
of dura mater, 894 
eiighth cranial, 
eleventh crania^Ripr* 
external cutaneous' of thigh, 

jilantar, 983 
])oy)liteal. 0^ 
respiratory, of Bell, 055 
saphenous, 981 
foeiai, 022 
fifth cranial, 906 
first cranial. 900 
fourth cranial, 905 
frontal, 900 

j^jlj^^gfiouio bta'nch of nasal, 

gastric* branches of vagus, 
037 

genito-crural, 072 
glosso-pharyngeal, 930 
gluteal, inferior, 079 * 

superior, 970 

great auricular, 950 • 

occipital, 945 
• sciatic, 980 
splanchnic, 003 


Nerves or Nerve (rottf.) \ 

hapinorrhoidal, inferior, 985 
of heart, 036, 992, 993 ? 

hepatic. 999 
hy])OglosBal, 939 
ilio-hypogastrie, 971 
ilio- inguinal, 972 
incisive. 917 
inferior dental, 917 
gluteal, 979 
hwmorihoidal. 985 
maxillary, 914 • 
infraorbital. 911»i. 

of facial, 925 
infra trochlear, 910 
internal eiitaneous, of arm, 
958 

lesser. 959 
of thigh, 975 
euUanean, 982 
. plantar, 983 
])oplileal. 981 
intercostal, 966 
in t(' rei )st o- h u j neral, 9( i 8 
interosseous, antc^aior. 960 
posUTior. 965' 

Jacobson's. 932 
j labial. 912 
I of labyrinth. 1058 
lachrymal, 9(M1 
largo dce^i pWrosal. 913 
superficial petrosal, 913 
laryngeal, external, 9J6 
inferior, 1136 
intci^ial, 93(i 
recurrent, 936 
8uj)erior, 93r> 
least H])lar>chiiie, 994 
lesser splanchnic, 993 
lingua). fifth, 91(> 

' of glossofpliaryngeal, 932 

long buccal, 915 
' cnliary, 910 

saphenous, 976 

! lumbar, antciior primaiy 
div isions of, 969 
ifosterior primary divisions 
of, 948 

liimbo-sacral cord, 978 
malar branch of facial, 925 
of temporo-malar, 9 1 1 
mandibular, of facial, 92(> 
inasseleric, 915 
maxillary, inferior, 914 
superior, 911 
median, 959 

i^eningeal, of hypoglossal, 
940 

of superior maxillary. 911 
mental, 917 

middle cardiac, 992 • 

cutaneous, 975 
superior dental, 9)2 
motor-oeuli, 903 
muscmlo-cutaneouB, of arm, 
957 

, of leg, 985 

musculo-spiral, 963 
J mylo-hyoid, 917 » 

I nasfd, of ophthalmic. 909 
• from Meckel’s ganglion, 
914 

of superior maxillary, 9J2 
naso-palatine, 9JA 
ninth cranial, 930 
obturator, 974 
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Nerves or Nerve {corU.) 
obturator, accessory, 974 
occipital, great, 945 
small, 950 

of third cervical, 945 
(esophageal, 937 
olfactory, 900 
ophthalmic, 908 
optic, 901 

orbital, ,thov relation, in 
cavernous sinus, 

921 

in orbit, 92 1 
in sphenoidal fissure, 
921 

of superior maxillary, 911 
palatine, anterior or large, 
914 

middle, 944 . 

posterior, 914 

palmar cutaneous, of mt*' 
dian, 960 
of ulnar, 962 
palpebral, 912 
pars in4fermedia of 
922 

perforating cutaneous, 985 
per^i^al, 98r» 
su]ierlicial, ,986 
peroiuial, 984 « 

petrosal, dt^:p,^lffi^« 913, 
990 '• 

small, 990 

superficial, extefnfil, 992 
largo, 913 
• small, 1040 ^ 

,pharyitg(‘al, of glosso -pharyn- 
geal, 932 ‘ ' 

of Mecjcel’s ganglion, 914 
of 

of sy^^m^, 992 4«... 

plantar, external, 9^ 
internal, 983 
pneumogastric, 033 
popliteal, external, 984 
internal. 981 
posterior auricular, 925 
scapular, 955 
supt'rior dental, 912 
tibial, 982 
pterygoid, 915, 916 
pudendal, inferior, 980 
pudic, 985 

pulmonary, from vagus, 936, ; 

937 I 

radial, 964 i 

rami ooiumunicaiites, 943 
recurrent laryngeal, 936 
of inferior maxillary, 914 i 
rOApiratory, external, 955 
to rhomboids, 955 
roots, 941 
saoral, 978 
plexus, 978 

saphenous, long or internal, 
976 

^rt or external, 981 
soiimc, great, 980 
small, 979 
second oranial, 901 
seventh cranial, 922 ' 
short ciliary, 911 
sixth crani^, 920 
small occipital, 950 
spbono-palatinuf 912 


Nerves or Nerve {coni,) Neural groove, 88 

spinal, 941 * . tube, 88 

anterior primary ^isions, Neurenteric canal, 89 
of, 949 Neurilemma, 46 

posterior primary divisions Neuroblasts, 47, 115, 794 


of, 945 
spinal accessory, 937 
splanchnic, great, 993 
least, 994 
lesser, 993 

stylo-hyoid of facial, 925 
subclaviuB, 955 
suboGcipital, 945, 949 
Hubscapular, 956 
superficial cervical, 950 
superior cardiac, 992 
gluteal, 970 
laryngeal, 036 
maxillary, 911 
nasal, 914* 
sup^'la\ricalar, 9l»1 
sn^aoi^tal, 909 
supra^psflar. 955 
supjatrochl(.*ar, 909 
sympathetic, 988 
of tasU\ 1002 

temiX)ral, of auriculo-tem- 
poral, 91(> 

deep, 015 ” ' * 

of facial, 925 

of 911 

teinix)ro-fac(iaI, 926 
temporo- malar, 911 
tenth cranial, 933* 
third cranial, 903 
thoracic, anU'iior primary 
divisions of, 9()6 
iwsterior primary divisions 
of, 948 

external anterior, 956 
- internal ant(“rior, 950 
thyro-liyoid, 941 
thyroid, 992 ^ ^ 

tibial, aHterior, 984 
posterior, 982 
of ^ongue, 1107 
tonsillar, 932 
transverse cer\ ical, 950 
tmEacial, 90() 
trochlear, 905 
twelfth cranial, 939 
tympanic, of facial, 925 
of glosso-pharyngcal, 932 
ulnar, 962 
collateral, 963 < 
uterine,. I OiSKr 
vaginal, 1000 
vagus, 933 
vestibular, 1058 
Vidian, 913 
of Wrisberg, 959 
Nervi^crvoruin, 48 


Neurooentral synchondrosis, 
195 

Neuroglia, 43 
of cord, 800 
Ncurokeratin, 46 
Neurology, 794 
Neuroraeres, 797 
Neuro-muscular spindles, 52 
Neuron thcoiy, 64, 794 
Neurons, 794 

NeurO'tendiiious spindles, 52 
Nidus avis cerebelli, 829 
Ninth nerve, 930 
Nipjde, 1232 
Nissl’s granules, 45 
Nodes of Ranvier, 46 
Nodule of eerebdlum, 829 
Non-mcdullatcd nerve-fibres, 45 
Normas of skull — 
baaalis, 262 
frontalis, %>8 
latcralis,,265 
occipitans, 268 
verticalis, 261 . 

Normoblasts, 26 i 

Nose, 1002 

accessory sinuses of, 1008 
applied anatomy of, 1008 
arteries of, 1003 » 

cartilage of septum of, 1003 
development of, 110 
foBSEc of, 276 * 

lateral cartilages of, 1002 
mucous membrane of, 1006 
muscles of, 463 
nerves of, 10()3 
outer, 1002 
veins of, 1003 
Noteh, cotyloid, 326 
ethmoidal, 222 
int(;roon<fyioid,jl 
lachrymal, 2^3 
nasal, 221 
popliteal, 344 
^ prestcTiial, 204 
pterygoid, 236 
sacro-sciatic, great, 324 
small, 324 
sigmoid, 258 
spheno-palatinc, 252 
supraorbital, 221 
Buprnsoapular, 292 
supraoteaiial, 489 
. thyroid, 1000 
I Notches, cerel^ar, 826 
intervertebral, 183 
Notoohord?*89 
Nuck, canal of, 174, 1225 


Nervous system, development* Nuclear layers of retina, 1021 


of, 116 
.4e8criptito of, 794 

Nervous Tissue, Histology 
o/,42 

Nervus furcalis, 970 
jugularis, 992 

Neumann, dentinal sheath of, 
1097 

'Neural arch, 183 
canal, 89 
crest, 89 
folds, 88 


1022 
’ membrane, 4 
substance, 4 

Nucleated sheath of Schwann, 
46 

Nuclei of auditory nerve, 825, 
928 , ft 

cochlear, 825 
of oranial nerves, 900 
of fifth riiferve, 824, 844 
of glosso-pharyngeal and 
vagus nerves, 819 
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Nuclei, olivaifr, 819 
of origin of motor nerves, 900 ; 
pontis, 824 , | 

of sensory nerves, 900 
of termination of sensory ! 

nerves, 900 
of third nerve, 903 
vestibular, 825 
Nuclein, 4 

Nucleoli, 4 « 

pseudo-, 4 
true, 4 

Nucleo-protein, 7 
Nucleus ambiguiis, 810 
amygdalae, 873 
arciiatus, 821 
of Bechtertw, 825 
caudatus, 871" 
of a cell, 4 

of Darkschcwitsch, 840 
of DoitfTS, 825 
(Icntatu.s of ccrebelliiin, 834 
oinbolifomus, 834 
of the facial nerve, 825 
fasligii, 834 

of the fourth fferve, 844 
globosua, 834 ^ 
inferior central, 821 
„ink'rcalalus, 8117 
(ilateralis, 821 
Icnticularis, 872 
lentis, 102(5 
of Liiys, 850 
olivary, accessory, 810 
inferior, 810 

of poakTior coiumisHure^.840 
longitudinal fasciculus, 
841 

pulj)Osus, 374 
red, 840 
restiti&^jS 


Obliquos capitis, inferior; 498 

5 ior, 498 
iferior, 462 
ior, 4C2 

Obturator artery, 700 
peculiarities of, 700 
relation of, to crural ring, 
700 

extern us muscle, 576 
foramen, 326 
intemus muscle, 575 
fascia of, 517 
lymphatic gland. 770 
membrane, 575 
nerve, 074 
accessory, 074 
vein, 757 

Occipital artt'ry, 634 
bone, 214 

articulationS'of. 217 
ossific^lon of, 217 . 

structure of. 217^ . 
convcbitions, 8(i^ r - 

crests, 215, 216 
fissure, transverse*, 860 
fossa*, 215 
groove, 225 
lobe, 860 

l^'inphatic^lauds, 767 
nerve, great, 045 f- 

small, 950 ^ 

point, 

proiu beranc^ exteri lal, 214 
internal, 215 
sinus. 7^ 
stilcus, mk'ral, 860 
transverse. 860 
triangUi of neck, 640 
vein, 731 

Occipito-atbintal articulation, 
380 


^ ofB|K*821 

-Updi^nStilUrig, 834 
segmentation, first, 84 
oi|j||||||^ith nerve, 825 
ndrve, 825 

of the spinal accessory nerv 
810 

superior olivary, 824 
trapezoid, 824 
of the twelfth nerve, 818 
, of vagus, 819, 033 
►NUel, space of, 1057 
•2fulin, giants of, 1106 
Nutrient artery of bone, 26 
Nutritive fluids, 7 
yolk, 79 ' 

Nymphee, 1231 


Obelion, 270 
Obox, 836 


( )ccipito-axial articulation, 38lS 
()<*ci]uU)-frontal fas( kudus, 87(1 
Occipito-f roll bills muscle, 456 
, Occipifo-mastoid sirbure, 274 
(lee ipito- tern j)oral convc du lion 
% 861 

i Oculo-motor sulcus, 838 
4 ^ Oculo-nasal sulcus. 111 
f^hiontoblasts, 1101 
! Odontoid ligaments, 382 « 

process of axis, 186 
' GSsophageal arteries, 662; 684 
I glands, 1118 

j nerves, 037 

opening in diap^agm, 503 
i plexu8,*937 ♦ * 

i (Esophagus, 1116 
I applied anatomy of, 1118 
! lymphatic vessels of, 793 

I structure of, 1117 

... Olecranon fossa, 208 


Oblitjuo inguinal hernia, 1159 process, 301 

coverings of, 1159 Olfactory areas, 110 

ligament, 414 bulb, 864 

line of the fibula, 347 structure of, §83 

of mandible, 255, 256 cellc^^l007 

of radius, 306 fasciculus, 875 

of tibia, 344 foramma,.238 

ridge of clavicle, 287 hairs, 1007 

<3 ulna, 304 lobe, 863 

sinus of pericardium, 600 nerves, 900 

Obliquus abdominis externus, applied anatomy of, 901 
506 • • development of, 128 

iiiternus, 510 pits, 110 

auriculie, 1037 sulcus, 850 


! Olfactory tracts 864 
I Olivary bodies of medulli 
' oUongatA, 813 
eminence, 232 

nucleus, dorsal accessoiy, 61f 
inferior, 819 
mesial accessory, 819 
superior, 824 
peduncle, 819 
Olive, peduncle of, 819 
Omentum, gastfo-cdlic, 1127 
gastro-hepatic, 1128 
gastro-splenic, 1128 
great, 1128 
small, 1127 

Omo-hyoid muscle, 476 
Onb^geny, 77 
Oocytes, ju’iijiary, 78 
8t‘*cap<lary, 80^ 

Oo^cvHi. ,, "78 

<4|^ning of aorta in b*ft ven- 
trime, t)09 

aortic, diaphragm, 503 
caval, in diaphragm, 503 
’^icoronary sinus, §p4 
of inbTior cava, (i04 
left auriculo- yentricular, 600 
(esophageal^ 'in d ia pilvragm , 
503 

*• of pulmonarj^ artery, (506 
vci^4i08 • 

^ righ§J ^ a^friculo-venlricular, 
'■ 

saphcmofis, 568 * 

of superior cava, ti04 
of thorax? lower, 508 
upper, 508 

Operoula of the kisida, 802 
Ophryon, 270 
t^jjhthalmio ^4|KM#47 
.fangUon, ' 

t nerve, 008 . 

I vein, 741 
(Jpisthidn, 270 

Opisthotie centre of iemi)oral 
bone, 231 

Opponens minimi digiti muscle, 

pollicis muscle, 554 
Optic axis, 101 1 
! obiasma, 851, 001 

I coriiinissure, 851, 001 

! cup, 128 
disc, 1020 
foramen, 232 
groove, 232 
nerve, 001 

' applied anatomy of, 903 
radiations, 848, 852 
recess, 853 

stalks, 122 • 

thalamus, 845 
tracts, 852, 901 
vesicle, 122 
Ora serrata, 1024 
Orbicular ligament, 413 
, Orbicularis oris muscle, 466 
palpebrarum muscle, 4{|9 
' (Jrbiculus clliaris, 1016 
! Orbit, 270 
^ muscles of, 461 

relation .of nerves in, 921 
wOrbital convolutions, 850 
fascia, 463 ^ 

nerve, 911 
operculum, 862 
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Orhital plat.(‘N, 221 
proocHH of malar, 248 
of palaUt, 252 
Hulcus, 859 
Orbitalia niuaclc, 465 
()rbito>Hphenoi<lH, 235 
Organ of Oorti, 1055 
enamel, 1101 
of (Jiraldes, 169, 121 1 
of Oolgi, 52 
of hearing, 1034 
of KoH«Mimuller, 169, 1220 
of sights lOJO 
of Hinrll, 1002 
Organa ol digestion, 1 088 
external genital, of female, 
1230 

of .laeobson, 112, l(KJ5 
ivpt fKlnctive, of female, 1218 
of male, 1203 
reHpiralory. 1059 
of Hpeeial sense, 1001 
of taste. 1001 

t Iritie.i', aurieulo-venlrieuiai, 

r^',ht. 6 (m; 

Ic'ft, 609 

cardiac, of Htomacli, 1133 
pharyngea] of Kiistuehian 
tube, 1114 

pyiorie, of stomac'li, 1133 
urethral, 1 14:18 
vaginal, 1231 * 

Oritices of ureters, 1198 
Origin of lyinpbaties, 61 
of muscles, 454 
ot nerves, 49 
Os aeetalmli, 327 
calcis, 349 

oHsitieatioii of, 3<i2 
eordis, 610 
ineisivum, 24() 
iimomiiiatiim, 320 
liugu.'c, 260 
magnum. 3N 
oj-bunilan' of iiieiis. 1044 
plamnn of ethmoid, 239 
trigouum, 355 
uteri exlevnus, 1224 * 
iuteriius, 1223 
Ossg eranii. 214 
faeiei. 241 
triipietra, 240 

Ossieles «)f tym])aniim, 1043 
development of, 134 
ligaments of, 1045 
Ossilicat ion, iiitraeartilagiiioiis, 
31 

iiit raiiiom braiious, 30 
Ossification of atlas, 196 — 
axis. 196 
*• edaviele, 288 
eoeeyx, 198 
ethmoid. 240 
femur, 339 
6l)ula. ,349 
hwt. 3t‘)2 
frontal. 223 
hand. 319 
hunuTus, 299 
hyoul, 261 

inferior turbinated, 254 
laeiii^mal, 248 
lumbar vertebra?. 197 • 

inalyir. 250 
mandible, 258 
maxilla, 247 


Ossification, nasal, 242 | 

occipital, 217 | 

os innoiuiiiatiir 326 ' 

palate, 2.53 j 

])arietal, 219 i 

patella. 342 
radius. .307 

ribs, 210 ' 

sacrum, 197 | 

seajmJa, 294 

seventh cervical vertebra,! 

197 ! 

sphenoid, 23(i 
sternum. 206 
teui])oral, 230 
tibia. .346 
ulna, .305 

\ertebial eolumn. 195 
\ tuner, 2.5.5 
Osleoblasts, 2.5 
OsO'Ocbists, 26 ' 

t» teotlentine, J0<19 
O.'^'leogt'nc tii* fibrils, 30 
Ostt'ology, 1 81 

Ostium abdorninnle of ^allo- 
fiian tube, 1221 
primum of heart, 1.39 
H<‘eundiiiii of heart. 140 
Otie ganglion, 917 
vesich*. 1.33 

Otoeonia or otoliths, 105.3 
Outlet ol pelvis, 329 
Ova, primitive, 172 | 

0\'al area of Flt*ehsig, 808 
handle, 1 17 
Ovarian arteries, (>95 
fossa, 1J25. 12J8 
pl(‘\us<nf nerves, 999 
veins, 760 
Ovaries, J2I8 

d<*velopinent of, 172 
(iiaatian follielea of. 1220 
ligaments of, 1218, 1219 
lymphatic vessids of, 789 
strtmia of, 1220 
tunica aihuginea of, 1220 
vessels and nerves t)f. J221 
Ov leapsulc' of («raafiiui follicle, 
1220 

Oviducts, 1221 
Ovulu Naluithi, 1228 
Ov uiu. ,3, 78 
cMiv erings of, 79 
dis(diarg(5 of, 1221 
fertilisation of. 83 
germinal sjiot t>f, 78 
vesicle f)f, 79 
maturation of, 79 
seg mentation of, 84 
structurt' of, 78 
yolk of, 79 
zona iK'lliieida of, 79 
Oxyntic eells. 1 1.38 
glands, 1138 


Paeehioniau depressions, 218, 
221 

bodies, 898 

Pacinian eurpiiacles, 51 
l*ad. ivtropubie, 1194 
Palatal proeesses of foetus, 111 
piocess of maxilla. 245^ 
Palate, areht's of. 1091 
bone, 250 

articulations of, 253 


Palate bono, horizontal plate 
of, 250 

orbital process of, 252 
OSS 16 cation of, 253 
sphenoidal praoess of, 262] 
vertical plate of, 251 
development of, 111 
hard, 1091 
muscles of, 484 
soft, 1091 

Palatine aponeurosis, 484 
artery, ascending, 632 

of ascending phaiyngeal, 
636 

descending, t)40 
canal, jiosterior, 244, 251 
accessory. 252 
fossa, anierfor, 246 
iierv(‘H, 913 
veins, inferior, 730 
Palato-glosHus muscle, 485 
Palato-jiluiiyngeus. 485 
Palma. 1 arch. (lec‘p, 676 
siipiu lieial, (»8l 

surface marking of, 682 
eutaneoiis nerve, of median, 
9ti0 

of ulnar. 962 
fascia, 552 

inlerossei arteries, 678 
ii(‘rv'(‘. deep, of ulnar, 963 
superlicial, 963 
veins, deep. 747 
J^il marls brevis muscl(\ 55t» 
longus muscle. 541 
Palpi'bne, 1029 
Palpebral arUu ii <’47 
ligaments, 1030 
mii.seles, 45*. 1 

nerves from superior maxih 
lary. 912 

veiii.s, inferior, 730 
supiTior. 729 

Pampiniform plexus of veins, 
759 

Pancreas, 1175 

applied anatomy of, 1179 
development of, 16,5 
lymjihatic vessels of, 787 
struct m e of, 1179 
surface relations of. 1179 
vessels and nerves of, 1173 
Pancreatic arteries, 690 
duet, 1178 
* aeoessory, 1178 
plexus of nerves, *399 
veins. 762 

PaiKTeatica inagna artery, 690 
Paiicrea tico-duodeiial art ery , 
inferior,»691 
sii])erior, 690 
lymphatic glands. 784 
plexus of nerves, 999 
Papilla spiralis, 1055 
Papilla? lacrimales, 1032 
of kidney, 1184 
of skin, 67 
of tongue, 1104 
of .uoth, 1100 
Papillarv layer of skin, 61^ 
Paraceniftal lobule, 859 ^ 

ParacJiordal cartilages, 10<> 
Paialinin, 4 

Prfrallel stria? of Ketzius, 1098 
sulcus, 861 

Paramastoid process, 216 
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Paranephrio botJy, 1183 
ParanucleuSt 1179 
Paraplasm, 4 

Parareotal^ lymphatio glands, 
*784 ■' ‘ . 

fossa, 1121S A 

Parathyroid glands, 1237 
dovelopmcnt of, 155 
Paravesical fossa, 1128 
Paraxial incsoderni, ftO 
Parietal bone, 218 

articulations of, 220 
development of. 107 
eminence, 218 
foramen, 218 
ossitication of, 210 
cells of gastrio'gbinJs, 1138 
lobe, 850 

convolutions of, 800 
veins, 140 

Parieto-colLc fold, 1 1 32 
Parioto- mastoid suture, 2ti(i 
Parieb)-oc(jipital fisstire, 8.57 
Pariebj- temporal artery, 052 
Parolfactory area, 804 
Paroophoron, 109, 1220 
Parotul duct, 1110 
fascia, 473 
gland, 1108 

aticesfloty portion of. 1100 
a])plHxl anatomy f )f, 1113 
n<*rvca of, 1110 
structure of, 1100 
vessels of, 11 U) 
lymphatic glands, 708 
Parovarium 1220 
Pars basalis, 859 

ciliaris retinse, 1010, 1020 
externa, interna, ct media 
auditory canal, 1038 
flar*cida of mombrana lym- 
])ani, 1043 

inbrinedia of Wrisberg, 922 
iridiea reiintc, 1018, 1020 
laryngea of pharynx, 1115 
niamillaria hypotlialami, 123 
mombranacea septi, 000 
nasnlis of pharynx, 1 1 14 
optica hypothalami, 123 
oralis of pharynx, 1114 
orhitalis, 85!) 
triangularis, 859 
Parumbilicf4 veins, 703 
Patella, 341 

applied anatomy of, 313 
articulations of, 342 
movements of, 437 
ossification of, 342 
Btriictiire of, 348 
surface form of, 342 
Patellar ligaments, 430 
})lcxus. 973 

Pavement epithelium. 12 
Pt*etiFieus muscle, 571 
Pc<*tiniform septum, 121.3 
Pectoralis major, 529 
minor, 531 

Peculiar thoracic vervebrae, 

188 

PtMmliaritics of foetal heart, 148 
Pedicles of a vertebra, 183 
Peduncles of cerebellum. 830, 
831 • 

of the olive, 819 
Pelvic colon, 1153 
diaphragm, 517 


Falvicdiapihragm, faseda of, 517 
fascial W* 7 
girflle. 2b<i 
mesocolon, 1129 
plexuses. 10(K) 
portion of sympathetic cord, 
99(> 

Pelvis. 327. 1121 
applied anatomy of, 331 
arteries of, 598 
articulations of, 393 
axes t>f, .329 
boundaries of, 327 
brim of, 327 
cavity of, 328 
false.*^327 
in foitus, 331 
inlet of, 327 
of kidney, 1191 
Ilgam entfl^of. 359 
lymphatic glands of, 778 
vessels of. 781 

male and female, dilTcrencos 
between, 32!) 
niechaiu m of, ,3!)7 
outlet of. 329 
])osition of, 329 
surface, form of, 331 
true, 327 
Penis, 1212 

applied anatomy of, 1215 
body of, 1214 
corona glandis, 1213 
corpora envernosa, 1212 
corpiw spongiosum, 1213 
crura of, 1212 
dorsal artery of, 703 
veins of, 757 
extremity of, 1214 
glans, 1213 
nerves of, 985 

prcpnie or foreskin ol, 1211 
root of, 1213 

septum pectin i forme of, 1213 
vSiructure of. 1214 
suspensory ligament, 1214 
Pouniform inusel', 453 
Perfnrateil spiu:e. aiiU^nor, 804 
posterioi, 838 

PiTforating arteries, of hand, 
078 

from internal innmmaTy, 
G65 

from plantar, 725 
from profunda, 714 
eutaneous nervo«985 
libres of Sharpey, 29 
Perforator «)f sperm atoKO()n, 81 
Pericardiac arteries, 554, 684 
Pericardial area, 87 
Pericardium, apidied anatomy 

of, OfM) 

development of, 150 
diverticula of, 0(X) 
librous, 590 
nerves of, 500 
oblique sinus of, 600 
relations of. 598 
serous, 600 
structure of, 599 
transverse sinus of, 600 
vessels of, 600 
vestigial fold of, 600 
Perichondrium, 21 
•Perilymph, 1051. 1057 
Perimysium, 36 


PerinoBiim, boundaries of, 521 i-, 
central tendinous point of.S 
524 

lymphatic vessels of, 781 
muscles of, 521 

Perineal artery, super ticual, 701 
transverse, 702 
biHly, 1155 

branch of fourth sat^ral 
nerve. 986 
nerve, 985 

su].><»rficial, 985 
Perineurium, 48 
PeriostiMiin. 25 
internal, 25 

Peripheral end-bulbs. 50 
organs. 4!) 

termination of nerves. 4!t 
Pmsclerotie lyinjih space, lOi I 
Peritoneal ea\i1y. 1122 
Peritoneum, attached surface 
of. 1121 

foramen of Winslow. 1127 
free siirfai‘>e of. 112h» 
great*'!* of. J 122 
horizontal disposif ion of, in 
lower abdomen. 1 125 
in uppi r abdomen, 1126 
in pelvis. 1125 
lesser sae of. 1422 
ligament s,“i 127 
mesenteries. 1129 ^ 

omenta, 1127 

}>anetnl portion of. J121 ^ 

vertical disposition of grmter 
sac, 1 1 22 
of lessi'r sni’, 1 1 24 
vLbecral iM>rtioii of, 1121 
Permanent cartilage, 21 
teeth, 1094 
development of, ) 102 
Peroneal art<Ty, 723 

pecuUarit ies of, 724 
anterior, 724 
post-erior, 724 
lU'rve, 984 
sept!{i, 579 
tubercle, 352 

Peroneus brevis muscle, 585 
long us muscle, 585 
tcrlius muscle, 5St) 
PtHrjjciidicular fasciculus, 879 
lino of ulna, 304 
plate of ethmoid, 239 
Pea anscriniifl, 923 
or crusta of crus cerebri, 839 
hippocampi, 870 
Petit, canal of, 1025 
triangle of, 492 
Petro-inast-oid portion of t#in- 
poral bone, 225 
Potro-o(5c;ipital suture, 274 
Petro-sipiainous sinus, 740 
suture, 227 

Petrosal nerve, large super- 
ficial, 913, 924 
large deep, 913 
small BUjjerficial, 1046 
process, 233 
, sihuB, inferior, 742 
superior, 742 
■iVtrouH ganglion, 932 

jmrtioii of temporal bone, 
227* 

Peyer's glands, 1 146 
PfliigtT, egg tubes of, T221 
4 N 
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Phalanges of cochlea, 1057 
^ of foot, 361 

ossidcation of, 302 
of hand, 318 
ossification of, 319 
Pharyngeal aponeurosis, 1115 
artery, ascending, 636 
nerve, from external laryn- 
geal, 936 

from glosso-pharyngcal, 
932 

from Meckel’s ganglion, 
914 

from syjji pathetic, 992 
from vagus, 935 
orifice of Kiistachian tubOj 
1114 

plexus of nerves, 992 
septum, 151 

tonsil, 1114 ' ^ 

tubercle, 217 * •- 

veins, 734 

Pharyrigo-glossus muscle, 484 
rharyiixnlll3 
aponcMirosis of, 1115 
applied anatomy of, 1116 
j development, of, 155 

( lym])hatic vessels of, 772 

mucous membrane of, 1115 
1 muscles of, 182 
Philtrurn, 467 

. Phrenic artery, superior, 685 
inferior, 695 
nerve, 953 

p\exus of nerves, 997 
’ vein, superior, 748 
inferior, 760 

, Phrenico-costal sinus, 1077 
PUronico-perioardiao ligament 
o£ Touilolxm, 758 *■ 

Phreno-colic- ligament, 1153 
Phylogeny, 77 
Pia mater, 898 
Pigment, 35 
of iris. 1018 
of skill. tiO 

PigiiUMitary layer of fetiua, 
1023 

Ifigiiierited coniu'ctiv**- tissue 
ei'lls, 35 

1 ‘pithelial cells, 35 
Pillars of external abdominal 
ling. 508 
of fauces, 1091 
Pineal body, 849 

development of, 123 
striiL* of, 854 
slnudure of. 849 
eye of liKurds. 849 
ivcoss, 123 
Pimm, 1034 
development (»f, 131 
ligaments of, 1036 
lymphatic vessiis of. 769 
muscles of, 1036 
nerves of, 1057 
vessels of, 1037 
l*isifoi'iii bone. 313 
Piso- metacarpal ligiimeiit, 418 
I*iso-unei(iatc ligament. 418 
Pit of the stomach, 212 
Pits, olfactory, 110 
Pituitary boify. 851 
arteAcs of, <)4() 
development of, 155 
lobes of, 851 


Pituitary fossa, 232 
Pivot-joint, 370 ^ 

Placenta, 99 
circulation through, 101, 
ootyloilons of, 10 1 
f octal, 90 
matornal, 100 
separation of, 101 
Placental circulation. ] 01 , 614 
Plane, infracostal, 1119 
intertubercular, 1119 
transpyloric, 1 1 19n 
Plantar arch, 725 
arb'ry, external, 725 
internal, 724 
fascia, 587 
ligaments, 446 
nerve, extt^rnal, 983 ^ . 

internal, 083 
' veiiits, external, 154 
^ -internal, 754 
Plantiris luusele, 582 , . > 
Planum nuchale, 215 
occipitalo,^J4 
Plasma, 10 
cells, 15 

Plasmodioblast, 86 
Plate or plates — 
cribriform, 238 
etlunoidal. lOti 
perpendicular, 239 
pterygoid, 236 
tarsal, 1030 
Platelets of l^lood, 9 
Platysma, 4*71 . 

Pleura^ 1074 

a\>plVe(l anatomy of, 1077 
^ cervical, 1075 
%<)stali8, 1075 
development of, 167 
diapbragmatie, 1075 T, 
lymphatic vessels of, 793 
mediastinal, 1075 
l)ulmonalis. 1075 
rcHw-t.ions ot, traeM, 1075 
vessels and nerves of, 1077 
J'laKifonii layers of retina, 
1021 , 1022 ’ 

Plkxus of Nkkvks, 48 
aort ie, 9!M1 
bim'liial, il53 
eardiae, 996 
carotid, 990 
cavernous, 990 
cervical, 949 ^ 

posteriep*. 946 
coci-ygeal. 986 
ccoliae, 999 

of e»)rnca. intraepithelial, 
1014 

subc]>itiielial, 1014 
coronaiy, 997 
cystic, 999 

epigastric or solar, 997 
of Elxuer, 881 
gastric, 999 
gastro-diunlenal, 999 
gastro-epiploic, 999 
haniiorrhoidal. inferior, 1000 
superior, 999 
hepatic, 999 
h}'pogasti'ic, 999 
infraorbital. 912, 926 
lumbar, 970 
luiiibo-soeral, 969 
mesenteric, inferior, 999 


Plexus of Nerves { conL ) 
mesenteric, sujmrior, 099 
uesophagcal, 937 
ovarian, 999 
pancieatic, 999 
pancroatico-duodcnal, 909 
patellar, 973 
pelvic, 1000 ' 
pharyngeal, 992 
phrenic, 997 
prostatic, 1000 
pudendal, 085 
pulmonary, 936, 937 
pyloric, 999 
renal, 998 
sacral, 978 
solar, 997 
8}iermatic, 998 

* splenic, 999 
subsartorial, 976 
superficial cardiac, t)96 
suprarenal, 997 
torrsilhir, 932 
fcym])anie, 1046 
uterine, 1000 
vaginal, 1(K)0 
vesiisal, 1000 

Plica epigastrica, 1159 
fimbriata of tongue. 1104 
gub(;rnatrLx, 173 
hypogastrica, 1 1 59 
laerimalis of Hasner, 1033 
salpingo-palatina, 1114 
salpingo-pharyngea, 1114 
semilunaris, 1031 
triangularis, 1115 
uvoebi, 1159 . 

vascularis, 173 
vesicalis transversa, 1125 
Plicfu uvetericie, 1198 
Pneumogastne nerve, 933 
applif'rl anatomy of. 937 
Polar bodies, 80 
Poll's of eye. 1011 
of lens.’ 1025 

l*oly niorphi nuiclear leuco- 
eyles, 8 

Polyspermy, 84 
Pomnm Adami, lOtiO 
Pons hepatis, J M>7 
Varolii, 822 

applied anatomy of, 825 
d(*-velop merit (^f, 120 
structure of, 823 
Poiiticuliis of pinna, 1036 
I’oiitine Ilexure of cinbiyonic 
brain. 119 

Popliteal artery, 716 

applied anatomy of, 717 
liranches of, 717 
peculiarities of, 717 
Burfaoe marking of, 717 
I^Mvmhatic glands, 775 
external. 984 
internal, 981 
notch. 344 
space, 715 

surface of femur, 336 
vein, 755 

Popliteus musc4e, 583 
Pore, gustatory, 1001 
Portal canals, 1168 
hssure, ^167 
vein, 760 

• applied anatomy of, 703 
development of, 145 
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Porus opticus, 1020 
FoBt-allantoic ^ut, 162 I 

Post-anal gut, 162 
Post-branchial bodies, 155 
Poat-coiitral fissure, 827*' 
lobe of insula, 862 
sulcus, 859 

Post-clival fissure, 85|7 
Post-glenoid process, 224 
Post-gracile fissure, 829 
Post-nodular fissure, 828 
Post-parietal convolution, 860 
Post-pyramidal fissure, 829 
Post- sphenoid part of sphenoid, 
237 

Posterior aim ular ligament,- 551 
auricular arU^ry, 635 
basal column, 804 
cervical ])lexus, 946 ^ 

chamber of eye, 1017 
choroidal artery, (i61 
clinoid procjess, 232 
commissure of brain, 840 
nucleus of, 849 
common ligament, 373 
communicating artery, 652 
cornu of lateral ventricle, 
867 

crescentic lolie, 827 
inferior cerebellar art/cry. 661 
internal frontal artei'y, 649 
interosseous artery, 681 
nerve, 9f)5 

longitudinal fascicudus, 841 
median (issiiri* of cord, 798 
of medulla, 812 
. mediastinum, 1079 
liervi root, 941 
pcrforattu-l space, 838 
]*rimary (livisions of cervical 
iKTVcs, !t45 


PreinoUr teeth, 1095 
Preoliva^ sulcus, 812 
Prepat^ftar iTUrsa, 570 
Prepuce, 1214 
or clitoris, 1231 
development of, 177 
Prepyramidal fissure, 828 
Presphenoid part of sphenoid, 
237 

Presternal notch, 204 
Presternum, 203 
Pretracheal fascia, 473 
Prevertcbral arteries, 636 
fascia, 473 
Prickle cells, 15, 65 
Priiiiaiy areola? of bone, 32 
cephalic llexur<\ 119 
cerebral “vesicles, 8t) 
ooo^b^s. 78 
spcrmaiioc^tcs, 82 * 

Primitive alimentary eaiilil, 92 
amniotie cavity, 8(5 , * ' 

aoiHfe, 135 
aortie stem, 140 
auricle, L39 * 
ectoderm. 85 
fibrillte of Schultze, 46 
groove, 86 
jugular veins, 146 
ova, 172 
Hcgiiients, 91 
shoal h of nerve-fibre, 46 
sperm-eells, 173 
streak, 86 

ventricle of heart, 140 
vertebral bowr, 103 
Primordial cranium, lOlf 
ova. 1221 , j 

l*rincepH eervicis ai fej^\ 034 ^ 
fioJlicis art<*ry, (»77 
Mioaiunion, 87 


Processes or Process ( eontl ) 
molar, 245 
mamillary, 191 
mastoid, 225 
maxillary, of foetus, 111 
of inferior turbinated, 254 
of malar bone, 250 
of palate bone, 252 
nasal, of frontal bone, 221 
of ina3nlla, 245 
odontoid, of axis. 186 
olecranon, 301 
orbital, of malar, 248 
of palates 252 
palatal, of f cetus. 111 
of maxilla, 245 
paramastoid, 216 
peti'osal, 233 
}) 08 t-glenoid, 224 
pterygoid, of splu^noid, 236 
S|)he5oidal, of palate, 242 
spinous, of ilium, 323 
of aplic*noid, 234 
of tibia. 343 
of verti’braD, 183 • 
styloid, of fibula, 347 
of radius. 307 
of temporal, 230 
of ulna, 305 

temporal, of malar, 250 
transverse, fertebrae, 183 
turbinal, of lachrymal, 248 
turbinated, of ethmoid, ^40 
unciform, 314 
uncinate^ of ethmoid, 239 
vaginal, of sphonoid, 23(> 
of teinjjoral, 228 
zygomatic, of maxilla, 245 
of temporal 223 
Provetisuii brevis of jiihIIoiis, 
1044 


of eoiu ygeal neive, 9-IJl 
of lumiiar nci'vcK, 9 IS 
of sacral nerves, 9 19 
of I iioraeifi i)er\es. !U8 
pulmonary plexus, 937 
scapular artery, 6(53 
noi’ve, 955 
thorae,ic iu‘r\ e, 955 
tibiiil artery. 722 
iier\e, 982 
triangle of neck, ti43 
vesicular eoluinn. 863 
I'ostero-iufeflor lobe, 829 
Postero-lateral ganglionic arte-, 
lies, 661 

Postero- 1 iH'dian ganglionic arte- 
ries, 661 

Postero-superior lobe, 827 
Pott's fi'acture, .V.tf) 

Pouch of Douglas, 1124, 1225 
of Pnissak. 104ti > 

of Kathke, 155 ^ 

recto- vaginal, 1124 , 

recto- vesical, 1124 
Pouparl's ligament, 509 
Pnnputiurn clitoiidis, 1231 
Preaiiricular point, 281 
Precentral convolution, 858 
fissure, 827 
sulcus, 858 

Prochordal portion of base of 
fmtal skidl, loti ^ 

Preclival fissure, 827 * 

Pi-ecuneus, of lirain, 860 
Pi-emaxilla, 246 


PuOOF'S'-'S OK fNlOCKSS - 
aceessoiy, 1!H 
acromion, 292 
alar, 238,, 
alveolar, 245 
angular, external, 221 
internal, 221 

articular, of vertebra', 183 
basilar, 21 ti 
cihaiy, 101 ti 
clinoid, anterifu*, 235 


eoc id(*arifonniH, 229, 1041 
gracilis ol inalk'iis, 1043 
intrajiigulnris, 2lti 
jugularis, 21ti 

muscularis, of aiytenoid, 

1U5I 

pyramidalis, ol palate bone. 

252 

splienoidalis, lt)tl3 
t ubarius, 236 

iincinatus, of ethmoid, 239 


middle. 232 
postcritir, 232 
c(add<yiriforiii, 229 
condylar, of mandible, 257 
coracoid, 293 • 

coronoid, of mandible, 257 
of ulna, ,301 
costal, 184 
of dura mater, 893 
(‘Tisiforni, 204 

ethmoidal, of inferior tur- 
binated, 253 


voeulis, of arytenoid, J06I 
Proctodamin, 161 
Profunda ccrvieis artery, ti(i5 
femoris arUny, 713 
vein, 755 

artery, inferior, ti74 
Huperior. ti73 
of ulnar, 681 

Projection fibres of heflii- 
spheres, 878 

, Prruninentia eanolis facialis, 
! 1041 


external auditory, 229 Proinontoi-y of tympanum, 

frontal, of maxiUa, 245 1041 

fronlo-nastd, 110 Pronator teres muscle. 540 


fronto-sphenoidal, 248 quadrat us miiw'lc, 544 

fimicular, 173k ridge, 304 

globular, of His, 111 Projjephnc duct, 168 

hamular, of lachrymal, 248 • Pronephros, ItiS 
of sphenoid, 236 Pronm leus, female, 81 

jugular, 228 * mole, 84 

laqhrymal, of inferior tin- IVootic . centre of temporal 
binatefl bone, 253 bone, 230 

lateral nasal, 110 Prophaw; of kaiyokinesis, 5 

4 K 2 
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Prostate gland, 1215 
, applied anatomy of, 1217 
^ development of, 175 
lobes of, 1216 
lymphatic vessels of, 788 
vessels and nerves of, 1217 
Prostatic ducts, orifices of, 1200 
plexus of nerves, 1000 
portion of urethra, 1200 
sinus, 1200 
Prosthion, 279 
Protoplasm, 3 

Protoplasmic process of nerve- 
cells. 45 

Protovertebral somites, 91 
Protul)(*iance, mental. 255 
occipital, external, 214 
internal, 215 

Proximal convoluted tube, 
1186 

Prussak. pouch of, 1046 
Psalterium, 875 
Pseudo- nucleoli, 4 
Pseudopoilium, 9 
PsoudoWtoinata of serous mem- 
branes, 73 

Psoas magniis muscle, 504 
applied anatomy of, 505 
parvus muscle, 505 
Pterion, 279 
ossicle, 24() c 
Pterygoid arteries, 039 
fessa of sphenoid, 236 
muscles, 400 
nerves, 915, 910 
notch, 230 
plates, 230 
}>leMis of vein, 731 
processes of sphenoid, 286^ 
tubercle, 230 

Pterygo-mandibular ligament, 
407 

Pterygo- maxillary fissure, 268 
Ptcrygo-palat-ine arteiy, 040 
canal, 230 
sulcus, 230 

Pterygo- spinous ligament. 237 
Pubic arch, 329 
ligaments, .390 
portion of fascia lata, 508 
spine, 325 
Pubis, 324 
angle of, 325 
body of, 324 
crest of, 325 
rarni of, 325 
spine of, 325 
symphysis of, 390 
Pubo-eoc(^ygous muscle, 521 
Pubo-femoral ligament, 424 
Pilbo-prostatic ligaments, 1190 
Pubo-rectalis muscle, 521 
Pudendal plexus, 985 
Pudendum, 12.30 
Pudic artery, accessory, 701 
<h‘ep external, 713 
internal, in male, 701 
pcculiaiities of, 701 
in female, 703 
superficial external, 7J3 
nerve. 985 

vein, internal, 750 , 

Pidmonary artery, 018 

opening of, in right ven- 
tricle, 606 

nerves frojm vagus, 936, 937 


Pulmonary valves, 607 
veiiui, 727 

openings of, In left auricl©, 
608 

Pulp, dental, of teeth, 1096 
of spleen, 1241 
Pulp-cavity of teeth, 1096 
Pulvinar of thalamus, 846 
Functa lacrimalia, 1032 
vaseulosa, 865 
Pupil, 1017 

Pupillary membrane, 131,1019 
Purkinje, colls of, 833 
fibres of, 42 
Putamen, 872 
I’yloric artery, 089 
canal, 1134 
glands, 1 137 
orifice of stomach, 1 
plexus, 909 « 

portion of stomach, 1134 
■ ^Ivc, 1135 
vein, 702 
vestibule, 113311 
Pylorus, 1 133 

Pyramid of cerebellum, 829 
of thyroid gland, 1230 
of tyinpamim. 1041 
of vestibule, 1048 
Pyramidal cells of cerebral 
cortex, 881 

eminence of pons, 823 
fibres of crusta, 839 
of iiitornal capsule, 873 
tracts, 815 

Pyramidalis muscle, 51^ ‘ ^ . 
mus(ile,,463' ^ ^ 

^ dccus8«MK1^813 
Pyriformis muso^, 575 
faseia of, 518^^. j|^ 


Quadrate 

OuadratuS muscle, 57f> 

lumboTum muscle, 517 
fascia covering, 517 
mhnti muscle, 460 
tubercle of, 335 ^ 

Quadrioejis extensor cruris 

muscle, 668 

Qiuulrigeminal bodies. 843 

Racemose glands, 75 
Radial artery, 675 

applied anatomy of, 676 
branches of, 677 
peculiarities of, 676 
surface marking of, 076 
fossa, 208 

■’ head of humerus, 298 
nerve, mm 
recurrent artery, 077 
region, muscles of, 545 
Radialis indicis art^ery, 678 
Radiating fibres of retina, 1023 
Radio-carpal articulation, 415 
applied anatomy of, 417 
Bui4ace form of, 417 

• Radio-ulnar articulations, in- 
ferior, 414 
middle, 414 
superior, 413 

, region, anterior, muscles of,. 
540 


Radius, 306 

applied anatomy of, 308 
articulations of, 307 
groin eB'iH’ lower end of, 307 
obUilOEe line of, 306 
ossification of, 307 
sigmoid cavity of, 307 
surface form of, 308 
tuberosity of, 306 
Rami communicantes, 943 
of the ischiuiily 324 
of the mandibie, 256 
of the pubis, 395 ’ - 
Ramus occipitalis, 860 
Ranine artery, 631 
vein, 730 

Ranvier, nodes of, 46 
Raphe, ano-ooccygeal, 520 
of meduUa, 812 
of palate, 1091 
of scrotum, 1203 " 

Rathkc, pouch of, 155 
Reeeptaciilum chyli, 700 
' Recess, cpitympanic, 220 
naso-palalinc, 1005 
oyitic, 853 

, pineal, 853 ^ 

spheiio-cthmoidal, 276 
supraoptic, 853 
Recesses of Troltsch, 10*1 
Recessus ellipticus, 1048 
epitym]>anicu8. 1039 
labyrinthi, 133 
pinealis, 1 23 
, sphicricus, J048 
, V juj ggpinealis, 854 ^ 

riK^optioii, artieu-" 

fascia, 519 

I Recto-coccygeal muscles, 1 1 55 
; Recto-uterine folds, 1225 
Recto- vesical fascia, 519 
folds, 1125 
pouch, 1124 
Rectum, 1154 

! -assijst.ao 

I Houston’s valves of, 1166 
lymphatic vessels of, 785 
relations of, 1154 
surgical anatomy of, 1162 
Rectus abdominis, 513 
sheath of, 51 o 
capitis anticus major, 480 
minor, 486 

lateralis, 486 ^ j ^ 

posticus major, 498 
luinor, 498 

external, inferior, internal, 
and superior of I'yeball, 
462 

feiiioiis muscle, 569 
Reourrenl)- artery, radial, 677 
tibial, anterior, 721 
posterior, 721 
ulnar, anterior, 679 
posterior, 679 
laryngeal nerve, 936 
nerve of inferior maxillaiy, 
914 

Recurrent branches from drci) 

, paInv'E'r arch, 678 
inteixisseouB artery, 681 
Rod corpuscles, 7 
nucleus, 840 
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BeileotionB of plours, 1076 
Refracting media of. eve, 
1024* 

Rbqion — ’ ' V 

abdominal, musol^:illt 506 
acromial, muscles of, 533 
auricular, 458 
back, muscles of, 489 


RboiON (coinJt,) 
vertebral, anterior, rnusdeB 

Rbw^ of abdomen, 1110 
Rdl, island of, 862 
convolutions of, 862 
BukuB oircularla of, 867 


cervical, supefdcial, muscles Renal afTcrcnt vessels, 1185, 


and 


i of, 479 
Lsoleso^^^ 


of, 461 
cranial, 45B ' 
e{>igastric, 1119 
femorftl, ibusolcs and fascise 
* of, anterior, 666 

internal, 671 
posterior, 544 
fibular, 675 

foot, dorsal region of, 587 
plantar region of, 587 
gluteal, muscles of, 673 
hand, uiiiseles and fasci<'e of, 
550 

humeral, aiitt^rior, 536 
posterior, 538 
hypochondriac, 1119 
hypogastric, 1121 
iliac, muscles and fasci»3 of, 
564 

infrahyoid, 476 
iifluinal, 1121 

intermandibiilar, muscles of, 
460 

ischio-nictal. muscles 
fasciie of, 521 
lingual, musedes of, 479 
* ^andi bular, muscles < 
'“^axillary, museb 
nasal, muscles of» 
orbital, muscles of, 

])alatal, muscles of, 484 
X)a1pe)>ral, musrdca of, 459 
pelvis, muscles and fasciae of, 
517 

pcriiiieum, muscles and fas- 
ciae of, 52 1 

pharyngeal, muscles of, 482 
j)oplitoal space, 
pterygo-maii^ulac, AmBlos 
of. 409 

radial, tnu soles of, 540 
radio-ulnar, anterior, muscles 
of, 540 

posterity-. 545 

scapular, antci*ior, muscles 
of. 354 

posterior, 635 
, 'Scarpa's triangle, 710 
suprahyoid, muscles of, 477 
temporo-mandi^ular, mus- 
cles of, 407 

thoracic region, anterior, 
muscles and fasoite of, 
528 * ■ 

lateral, muscles Sind fasciae 
of, 532 

thorax, muscles and fasciae 
of, 500 

tibio-tibular, anterior, mus- 
cles of, 579 
posterior, 581 
umbilical, 1121 
urogenital region in male, • 
muscles and fasciae 
of, 523 

in female, muscles and » 
fasciae of, 526 , 


1188 
artery, 694 
inferior, 1187 

efferent vessels, 1 1 85, 1 1 88 
plexus, 998 
veins, 760 

Reproductive organs, female, 
1218 

male, 12P3 

REfll^ATiON, mechanism of, 
505 r ^ 
organs of, 1059 

Kc 3 pirat(‘ry nerve of BelL ex- 
ternal. 955 

organs, d^elojnnent of, 100 
It todies of medulla, 815 


, 64 


Rcstifornl 
Resting iiuclei, 

Roto mucosiim t>f skin, 
testis. 1208 

Reticular lamina of Kolliker, 
1057 

lay(‘i- of skin, 07 
tissue, 19 

Reticularis alba, 821 
grisea, 821 
Retiform tissue, 19 
^tina, 1021 

ceniml ait^ gi, 1024%i^. 
j||Tvd^velopm%[lnft 

rovea Mi 

layers of,'49R4‘ 
macula lutea of, 1023 
Mtnbraiijl^mitanB interna, 

1HH^023 

ora sei3H||||^0 
s true ture^^lWSO 
supporting framework of, 
1023 

Retinacula of hip-joint, 424 
of ileo-caocal valve, 1 150 
Retrahoiis auric ulam muscle, 
459 

Rctru-periton<5al foss®, 1129 
cirouineajcal, 1131 
duodenal, 1129 
intersigmoid, 1132 
Rctro-i)haryngeal Sjiace, 473 
Retro-pubic pad, 1194 
Retzius, coloured lines of, 1098 
Rhineneephalon, 124, 803 
Rhodopsiri, or visual purple, 
30, 1020 

Rhombencephalon; 119, 811 
Rhombic lip, 120 
Rhotnboid impression, 288 
ligament, 400 
Rhomboidcus major, 492 
minor, 492 

Rhomboids, nerve to, 955 
Ribs, 206 

angles -of, 208 * 

applied anatomy of, 212 ^ 

development of, 104 

heads of, 207 

ligaments of, 386 

nocks of, 207 ■ 


Ribs, ossiOoation of, 
peculiar, 209 
structure of, 210 
tubercles of, 208 
Ridge, bicipit^, 295 
ganglion, 89, 118 
gluteal, 336 
mylo-hyoid, 256 
pronatior, 304 
superciliary, 220 
temporal, 221, 223 
trapezoid or oblique, 287 
Right lobe of liver, 1107 
Riiua gloltidia, 1000 
Ijalpebraruui, 1029 
Ring, abdominal, external, 508 
iiite.rrial. 510 
crural, 708 

muscle of Muller, 1017 
tympanic, 231 
Rings, librous, of luiart, 010 
Risorius muscle, 4()7 
Rivinus, ducts of, 1110 
incisure of, 1040 
Rod-bipolars of ndin# 1021 
Rod -granules of retina, 1022 
Rods of (hrti, 1055 
of retina, 1023 
Rolando, fasciculus of, 814 
fissure of, 857 

substantu^gt'lfltiuosa of, 799 
tubercle of, 816 
Roller, nucleus of, 821 - 

Roof nucleus of Stilling, 834 
plal-i‘, 115 
Root of lung, 1083 
of penis, 1213 
of tooth, 1093 
jpltfot-shcath of hair, 09 
Roots of S 2 )inal nerves, 808 
of zygomatic i^roccss, 223 
Rosoiiiniiller, lyin 2 >hatic gland 
of, 770 

fossa of, 1114 
organ of, 109, 122o 
Rostrum of eoriJiis coUosiimy 
890 

sphenoidale, 234 
Rotation, 371 

RotatoiHiS s^una; muscles, 497 
Round ligament of liver, 1108 
of uterus, 1225 
Ruilini’s endings, 50 
Rust-eolour€.'d layer of cej-o- 
bellar cortex, 833 


Sac, lachrymal, 1032 
greater, of peritoneum, 1122 
lesser, of ^jeiitonciim, 1124 
Saccular glands, 74, 75 • 

Sacculc of vestibule, 1053 
laryngeal, 1000 
Sacral arteries, lateral, 704 
artery, ntiddle, t)90 
canal, 193 
cornua, 192 
foramina, 191 
ganglia, 990 
groove, 192 
lymphatic glands, 779 
nerves, anterior primary 
divisions of, 978 
posterior primary divi- 
sions of, 949 

nucleus of spinal oord, 803 



8acval plexus, 978 

applied anatomy of, 980 
veins, lateral, 757 
middle, 758 
peculiarities of, 758 
Sacro-cocoygeal ligaments, 396 
Sacro-gonital folds, 1125, 1225 
Sacro-iliac articulation, 393 
ligaments, 394 

Saoro-Bciatic foramen, great, 
395 

small, 396 

ligament, great, 394 
small, 395 
notch, great, 324 
small, 324 

iSacro-vertfbial angle, 191 
•Sacrum, J9l 

articulations of, 194 
oHsitieation of, 197 
structure of, 194 
variations of, 194 
Sacs, dental, JlOl 
Saddle joint, 370 
•Sagittal'^uktus, 215. 218. 221 
suture, 219 
•Salivary glands, 1 108 
dev elo] uncut of, 153 
parotid, 1108 
structure of, 1111 
sublingual, !■! 1 
submaxillary, 1110 
•Salpi:igo-j diary ngeus « Msele, 
485 ^ 

•Salter, incnniental lines of. 
10*18 

•Santorini, cartilages of, 1061 
duct of, 165, 1178 
.Sajdicnous nerve, long or in- 
ternal, 976 
external, 981 
opening, 568 

v(‘in, applied anatomy of, 753 
external or short-, 753 
internal or Jong, 752 
Sarcolenima. 37 
Sareomere, 39 
•Sare i])lasm, 38 
•Sarcostyles, 38 

•Sareous elements of muscle. 
39 

•Sarloriiis muscle, 568 
•Scab media of cochlea, 1053 
tympani. 1051 
vestibuli, 1051 
Sealene tubercle, 210 
•Scab'll us ant ic us, 488 
mediiis, 488 
posticus, 488 

•Scajp, ly mjdiatic vessels of, 769 
Scaplioid bone (hand), 311 
(foot), 356 

fossa of sphenoid, 236 
•Scapula, 289 

applied anatomy of, 294 
artieulations of, 294 
dorsum of, 289 
glenoid cavity of, 292 
liead of, 292 

iigaiuonts of, 403 • 

ussilieatiuii of, 294 

spine of, 290 . 

surface form of, 294 

von tor ^>f, 289 

•Scapular ajrtery, posterior, 663 
Interior, 955 


INDEX 

Scapular notch, groat, 292 
region, anterior, musoles of, 
534 

post<*rior, 509 ^ 

Scarf-skin, 64 
Scarpa, fascia of, 506 
foramina of, 246 
gaTiglion of, 1058 
Scarpa’s triangle, 710 
Schirvdylcsis, 368 
•Schlemm, canal of, 1014 
Schneiderian membrane, 1005 
•Schrc'ger, lines of, 1(M)8 
•Schnltze, descending comma 
tract of, 808 
l»rimitive librilltie of, 46 
Schwann, nucleated sheath of. 
46 

white substance of, 46 
•Sciatic arteiy, 70i 
nerve, great, 980 

ajiplied anatomy of, 987 
small. 979 
veins, 756 
•Sclera. 1011 

developnu'nt of, 133 
structure 1012 
Sckuatogeiious layer, 103 
Sclendome, 102 
•Scrohioulus cordis, 212 
•Scrotum. 1203 
a])pli('d anatomy of, 1205 
dartos of, 1201 
developiuc'iit of, 177 
septum of. 1204 
vessels and lU'rvos of. 1204 
Sebaceous glands, 71 
•Second cranial nerve, 901 
applied anatomy of, 903 
•Si'condary aret)]^ of l>qne, 32 
obeyl-es. 80 
sensory^^ tract, 807 
sperjnato'*ytes, 82 
iS<'ereting glands, 74 
•Secretion, internal, 76 
•Segment, internodal. 4(> 
of Lantermann, 46 
mediillar 3 % 46 
•Segmentation of ei'lls, 7 
of ovum, 84 . 

nucleus, iirst, 84 
•Segments, primitive, 91 

s[nnHl, 797 
Sc'lla turcica, 232 *• 
Semicircular canals, bony. 1048 
membranous, 1053 
stru(;tun^ of, 1053 
•Semilunar bone, 312 
fascia, 538 

tibro-eartilages of knei', 434 
fold of-boiuglas, 513 
ganglion’ of abilomen. 997 
lobe, inferior, of cerebellum, 
829 

Semimembranosus muscle, 578 
Seminal vesicles, 1211 
Semispinalis muscle, 497 
Serniteiidinosus muBclc, 578 
Senses, organs of special, 1001 
develojmient of, 115 
Sensory tract, 890 
decussation, 817 
epithelium cells, 52 
nerves, 49, 885 
•Septum, aortic, 140 
auricularum. 597 


SeptuTfl^SfffiSe, 708 
inferias, 140 
intermecUpm, 139 
inte?^6fftricular, 609 
linpf^, 1105 
luoidum, 876 
mobile nasi, 1003 
of nose, 275 * 

orbitale, 1031 
pcctiniforme, 1213 
pcllncidum, 876 
pharyn^jsjpl, 151 
posterb-median, of spinal 
cord, 798 
postienm. 897 
primum, 139 
secundum, *140 
spuriuin. 138 
of longue, 1 105 
transversum, 157 

of semicircular canals, 
1053 

ventricidoruin, 609 
•Serosa, or false amnion, 94 
•Serous glands of tongue, 1106 
membranes, 72 
fierieardiiim, 600 
•St'iTatiis inagpiis, 532 
posticus inferior, 4t)3 
superior, 493 
•Sertoli, cells of, 1208 
Scrum, 11 
albumen. 10 
globulin, 10 
•Sesamoid bones. 364 
•Seventh manial nervi'. 922 
aj)pli(‘d anatomy of. 927 
nucleus of, 825 

•Shaft of a Jwne. its structure, 
181 

of a hair, 70 
Sheatli of arteiies, 56 

dentinal, of Neumann, 1097 
digital, of fingers, 552 
of toes. 589 
femoral, 707 
mitocliondrial. 82 
of muscles. 3() 
of rHlrves, 40 
of rectus niusi'le, 513 
syno^Ull, 367 
•Sliin. 344 
•Shoi t Imuh's, 181 
sa])ht'nous vein, 753 
•Shoulder, miiseles of, 5,33 
giidle, 286 
joint. 404 

Hpj)lie<l anatomy of, -407 
bursa; of, 405 
surfac'i* form of, 407 
vessels and nerves of, 400 
S}ira]mcll, pars llaeeida of, 
1043. 

Sigmoid artery, 693 
cavity of raclius, 307 
gi c'aU'r. of ulna, 304 
lesser, of ulna, 304 
notch of mandible, 258 
sinus, 740 

•Simple epithelium, J2 
papilbe of tongue, 1105 
•Sinus, aortic, 619 
baBilar,‘'743 
circular, 742 
coronary, 728 
costo-mediastinal, 1077 



INDEX 


*12g7 


Sinue of cxteriMliiKalar vein, 

7aH 

' great, of aorta, 61^ 
of internal jugular vedn, 733 ; 
of kidney, 1193 p 
laryngeal, 1066 
longitudinal, inferior, 738 
HiiperuHT, 737 
of Morgagni, 483 
oblique, of pericardium, 60 1 > 
potro-squainous, 740 
phrenioo-costalij3, 1077 
pocularis, 1200 
pfiecervicalis, 109 
]n'oi:«tatic, 1200 
pyrifonnis, 1115 
rliomboidalis,. 89 
f^plieno-parietal, 740 
tarsi, 352 

transverse, of pericardium, 
600 

\(‘nosus, 138, (504 
s(!lerje, 1014 

Sinuses, acioesHory of nose, 1008 
cavernous, 740 
cranial, 221a 
of dura mailer, 737 
fronlal, 222, 1008 
inteicaveriKms, 742 
lateial, 739 
maxillary, 244, 1008 
(M!cij»ital, 740 
]>etrosal, inferior, 742 
su])erior, 742 
petro-squamous, 740 
sit^moid. 740 
sphemudiil. 233, l(K)8 
splienoqrarielal, 740 
straight, 738 
of Valsalva, aortie*, 609 
pulmonary, (>07 
Sixth cranial nerve, 920 

aj)pJi('d anat'Omy of, 922 
nucleus of, 825 
Skein, or sjrirem, 5 
Skeletal muscles, 36 
Skeleton, 181 • 

development of, ]()2 
Skin. Jlistohr/t/ of\ (54 
appendages of, 67 
ar teries of, (57 
eoriiim of, 6(5 
eiiticle of, (54 
derma, true sidii, (5(5 
development of, 114 
cjadertiiis of, (54 
furrows of, 64 
hairs, (58 

muscular hbres of. 70 
nails, (57 • 

nervrw of, (57 
papillary layer of, 67 
ret<5 iiiucosuni of, G4: 
reticular layer of, 67 
sebaceous glands of, 7 1 
sudorifei’ous or sweat glands 
of, 71 

tactile corpuscles of, 50 
vessels of, 67 
SkuLiL, 213 

ajiplied anatx)tuy of, 282 
base, of, ext^iriial surface, 262 
inU^nial surface, 27.1 
(lovelopincnt of, ^05 * 

dilTcrenoes in, due to age, 277 
exterior of, 261 


Skull (cont) * 

fossil of, anterior, 271 
middl^ 273 
posterior, 274 
from ab8Ve, 201 
beliind, 268 
below, 262 
in front, 268 
in proOle, 265 
interior of, 271 
norniac of, 261 
sexual differences in, 278 
surface fr)rm of, 280 
tables of, 182 
viti’eous table of, 182 
Skull-cap, interior of, 271 
Slender lobe of eerebellum, 
82<( 

Small cavernous nerve, 10(K) 
intestine, 1139 

areolilf or submucous eoat 
of, 1143 

dm denail glands of, I J46 
diioiienum, 113tl 
ileui-, 1112 
jejunum. 1142 
lymph.alie vc*ssels of, 785 
mucous membrane of, J 143 
miiscudat eoat of, 1143 
IVyer’s glands of, 1 146 
serous eoat oi , II 43 
solitary glands of, J 14(5 
\ulvuJ;c coiiiiiventes of, 
1143 

vessels and nerves of, 1147 
villi of, 114'! 
oe<;i])ita] mu ve, 950 
HCiiatie nerve, 979 
Smell, organ of, 1(K)2 
Soeia jiarotidis, 1109 
Soft palate, '1091 

Aponeurosis of, 1092 
arclies oj* jiillars of, 1091 
miiseles of, I(M)2 
])urts, development of, 114 
Solar jilcxus. ^i97 
Sole of f(H>t, muscles of. first 
layer, ,588 
fourth layer, 591 
KiKJond layer, 589 
- thiid layer, 590 
Soleiis musfile, 582 
S(.)li(aiy cells, 803 
glands, 114(5 

Somatic libres of spinal nerves, 
944 

layer of Tuesodi'i’in, 91 
Somatojdcure, 91 
Soniit(5S. ]M-of^)vertebral, 91 
Spa<!<‘, anterior jierforatcxl, 864 
of Burns, 473 
intei-costal, 2(17^ “ 
interpCHlunculari 854 
of Nuel, 1057 
po])liteal, 715 
jjosterior pei-forafed, 838 
rotropharyngeal, 473 
of iictKiiis, 1200 
subaraclmoid, 896 
subdural, 895 

sux>rasUu‘nal, 473 , 

Spaces of Montana, 1014 
intinglobular, 1098 • 

Spatium pcrichorioldeole, 1012 
Sp’ecial sense, organs of, 1001 
types of cei’ebral cortex, 882 


Spermatic Arterv, 694 ^ 

canal, 1204 
cord, 1205 

arteries of, 1205 
lympliatics of, 1205 
nerves of, 1205 
veins of, 1206 
fascia, external, 609 
plexus of nerves, 5)98 

applied anatomy of, 998 
j of veins, 759 
I structure of, ] 205 
veins, 759 

applied anatomy of. 759 
i Spermatids, 82, 1208 
! Spermatoblast s, 1208 
1 Spermatocytes, 82, 1268 
! Spermatogonia. 82, 1207 
! Spermatozoon, 81 
j body of, 82 
! formation of. 1208 
I Head of, 81 
fU‘ek of, 82 
perforator of, 81 
tail of, 82 ^ 

Spbeno-ethmoidid recess, 276, 
1004 

suture, 272 

Spheno-froiilal suture, 272 
Splu'iioid hone, 232 

articulatki^s of. 238 
body fff, 232 
dev eioj)mcnt of. 107 
f Hfcater wings of. 2IW 
lesser wings of, 23, "» 
ossilioation of, 23(5 
l>(eiygoid processes o 3F, 236 
lustrum of, 2.34 
spinous ])rocesHes of, 234 
vaginal processes of, 23(5 
Sj)h(‘noitlal tissure, 235 
structures in, 921 
jU’oeess of palate, 252 
sinuses, 233, JOOH 
lurbinated bone«, 236 
S])heno-malar sutuie. 2(56 
Splieno-inandibular ligumeiil, 

Spheno-m axillary lissurc, 2(37 
fossa, 268 

Spbono-palatino artery, (540 
foranu'n, 252 
ganglion, 912 
nerves, 912 
notch, 252 

S]>l>eno-jjark;tal sinus, 740 
suture, 2(i6, 273 
Sj)beno-petrosal suture, 266, 
273 

Spheno-squamosal suture, 26(5, 
273 

S])beroidal epithelium, 13 
Sphincter ani externus, 522 
intenius, 523 
muscle of bladder. 1 199 
of vagina, 526 
pupillir, 1018 
recti muscle, 521 
Spina bifida, 201 
belicis, 103(5 
•vu'stibuli, 139 
Spinal acce-’Sfuy 637 

applied anatomy of, 939 
‘ bulbar part of, 938 
nucleus of, 819' 
spinal part of, 938 
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nSpiaa] arteries, 600 
oanol, 200 
^^oolumn, 182 
•Spinal Cord, 795 

applied anatomy of, 809 
oentral canal of, 800 
columns of, 798 
development of, 115 
distribution of nerve-cells 
in, 802 

enlargements of, 798 
fissures of, 798 
festal peculiarity of, 705 
ganglia, 911 
structure of, 942 
grey commissure of, 800 
matter of, 799 
ligamentum dentioulatum 
of, 898 

meninges of, 892 
applied anatomy of, 899 
nerve- tracts in, 804 
neuroglia of, 800 
sulci of, 798 

whit^^commiasure of, 800 
matter of, 804 
veins of, 752 
Spinal nerves, 941 

anterior primarv divisions 
of, 949 

arrangemov’t info groups, 
941 ^ 

connections with symjm- 
'thetic, 943 
development of, 118 
divisions or, 945 
points of emcTgence of, 943 
posterior primary divi- 
sions of, 945 
roots of, 808, 941 
size and direction, 943 
structure of, 944 
segments, 797 
veins, 751 

longitudinal, anterior, 751 
posterior, 752 
plexuses of. 751 
Spinalis colli rauselo, 497 
dorsi muscle, 49B 
Spindle, achromatic. 4 
aortic, 02 1 
neuro-muscular, 52 
neuro-tendinoijs. 52 
Spine or spines, (‘thmoidal, 232 
genial, 256 
of ilium, 323 
of ischium. 323 
mental, 256 
nasal, 221 
anterior, 242 
posterior, 251 
of pubis, 325 
of scapula, 290 
sphenoidal, 234 
su})ramcatal, 230 
of tibia, 343 

.Spino-glenoid ligament, 404 
S^o-olivary tract, 820 
Spin’o-tectal iract, 807 
Spino-thalaQiLQ tract, 806 
Spinous procQss of vortebree, 188 
Spiral canal of cochlea, 1060 
lino of femur, 334 
thread of spermatozoon, 82 
tubes of kidney, 1186 * 

sk«ia..6' - > 
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Splatjohnio layer of mesoderm, 

91 ; 

fibres of spinsd nerves, 944 
nerve, greater, 693 | 

least, 994 i 

lesser, 993 

: Splanchnology, 1059 1 

I Splanohnopleure, 91 
' Spleen, 1240 

applied anatomy of, 1244 
I blood-vessels of, 1242 

' development of, 166 I 

lymphatic vessels of, 787 i 
Malpighian bodies of, 1242 
relations of, 1240 
size and weight, 1241 
structure of, 1241 
surface marking of, 1244 
. Spleens, accessory, 1241 
Splenial centre of ossification, > 
258 ‘ , 

Splenic artiTy, 690 

distribution of, 1242 
ilexure of colon, 1153 
lymphatic glands, 782 
plexus, 999 
vein, 761 

Splenium of corpus callosum, 
866 

Splcnius muscle, 494 
Spongioblasts, 1 15 
Spoiigioplasm. 3 
Spongy portion of urethra, 
1201 

Spring ligament, 447 
Spur of malleus, 1043 
Squamous portion of temporal 
bone, 223 
suture, 266 

Stahr, middle gland of, 771 
Stalks of thalamus — 
anterior, 848 
inferior, 848 
])arietal, 848 
posterior, 848 
Stape,dins muscle, 1045 
Sta])e8, 1044 

annular ligament of, 1045 
development of, 134 
Stellate ligament, 386 
veins of kidney, 1189 
S ten son, foramina of, 246 
Stenson’s duct, 1110 
Stcjphanion, 279 
Sternal end of clavicle, 288 
foramen, 204 
furrow, 21 1,. 

Sternebrie, 203 

Sterno-clavioular articulation, 
399 

applied anatomy of, 401 
surface form of, 401 
Sterno-hyoid muscle, 476 
Sterno-mastoid artery, 630, 
634 

muscle, 475 

Sterno-pcricardiac ligaments, 

; 699 

! Sterno-thyroid muscle, 476 
Sternum, 203 
^articulations of, 206 
development of, 104 
* ligaments of, 390 
ossification of, 206 
struoti^ of, -206 
, Stilling, xbol uiuoleus of, 834 


Stomach, 1132 
alveoli of, 1137 
anatomical subdivisionB of, 
1134 • 

applied anatomy of, 1138 
areola¥ or su 
of, 1137 
bed, 1134 
body of, 1134 
cardiac glands of, 1 138 
orifice of, 1133 
component parts of, 1134 
curvatures of, 
development bf , i95 
fundus of, 1134 
incisura angularis of, 1133 
interior of, 1135 
lymphatic vessels of, 784 
mucous membrane of, 1137 
muscular coat of, 1135 
oritices of, 1133 
physiological subdivisioiis of, 
1134 

position of, J134 
f)yloric canal of, 1134 
glands of, 1137 
orifice of, 1133 
vestibule of, 1133 
pylorus, 1135 
scrolls coat of, 1135 
B))a]>e and position of, 1133 
structure of, 1135 
sulcus intennedius of, 1 1 33 
surface form of, 1138 
surfaces of, 1134 
vessels and nerves of, 1 1 38 
{Stomatodieum, 151 
Straight sinus, 738 
tubes of kidney, 1186 
Strand, labio-dental, 1091; 
lingual, 1009 

Strands, lateral and mesial, of 
posterior nerve-root, 808 
Stratified epithelium, 14 
Stratiform tibro-oarlilagc, 24 
Stratum cinereum, 843 
oompaclum of decidua, 98 
corneum, 66 
dorsale, 850 
gf^rminativuin, 65 
granuloHuin, 65 
iiitermcdinm of chor</id, 
lt>U) 

le,nini8ci, 844 
luciilurn. fUi 
Molpighii, 65 
opticum, 843 
spongiosum, 98 
zonale, 843 
Streak, priiniitvc, 86 
Stria pincalis, 854 
vascularis, 1054 
Striae acusticai, 836 
gravidarum, 516 
Lancisi, 864 
longitudinales, 864 
Striatc'. veins, inferior, 737 
Stripe of Hensen, 1057 
Striped muscle, 36 
Stroma of iris, 1018 
of ovary, 1220 
intertubular, of kidney, 1189 
Stylo-glossuB muscle, 480 
Stylo-hyoid digament, 478 
muscle, 478 

* nerve, from facial, 925 




Stylu-maiidibular ligament, 

384 

Stylo- mastoid arteiy,' 638 
foramen, 228 
vein, 732 

SljBlo-pharyngcus muscle, 484 
process of fibula, 347 
«|j^.'‘"b£:radius, 307 

of temporal bone, 230 
of ulna, 305 

Subanconeus muscle, 539 
Subarachnoid space, 896 
Subcallosal 864 
SubcardinifveinB, 146 
Subclavian arteriefe, 6#4 

applied anatomy of, 657 
branches of, j659 
first part of left, 065 
of right, 654 

peculiarities of, 656 | 

second jiortion of, 656 ! 

surface form of, 656 
third portion of, 656 j 

gro<)ve, 288 j 

triangle, (>43 ' 

vein, 747 j 

Sub(jlavius muscle, 532 
iKTvo to, 955 
Subcostal angle, 208 
artery, 685 
zone, 1119 

Suberureus muscle, 570 ^ 
Subdural spa(5e, 895 ! 

Subepithclial plexus of cornea, ' 
1014 : 

Sublingual artery, 630 
fossa. 256 
gland, Jill 

vessels and nerves of, 1111 
Sublobular veins, 1169 
Submaxillary artery, 033 
fossa, 256” 
ganglion, 918 
glaFid, 1110 

vessels and nerves of, 1111 
lyinjiliatic glands, 771 
triangle. 642 
vein, 730 

Submental artery, 633 
vein, 730 

Submucous tissue, 7-4 
Subnasal point, 279 
Suboccij)ital nerve, 945 
triangle, 499 
Subjjarietal sulcus, 860 
SubperitonealdOuncctivc tissue, 
516 

Subplcural mediastinal plexus, 
605 

Subpubic ligamenf. 397 
Subsartorial plexus, 976 
Subscapular angle, 289 
artery, 670 
fascia, 534 
fossa, 289 
nerves, 956 

Subscapularis muscle, 534 
Subserous areolar tissue, 1121 
Substantia corticalis, 1026 
forruginosa, 838 
gelatinosa centralis, 800 
of Rolando, 799 
nerve-cells in, *803 , 

iiinominata of Meynert, 874 
nigra, 840 

propria of cornea, 1913 
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Subthalftmio tegmental region, 
850 

Suctorial pad, 467 
Sudoriferous glands, 71 
Sulci of cerebral hemisphero, i 
856 

of spinal cord, 798 
Sulcus, antoro-latcral of mc- 
dtiUa, 812 

antiheliois trans versus, 1030 
basilaris, 823 

centralis of insula, 862 | 

oircularis of R(^il, 857 { 

frontal, inferior, 858 j 

superior, 858 I 

intormodiuB of st^miach, 1133 
intraparietal, 859 
lateralis, 838 
luiiatus, 860a * 

of MonrO|^122, 854 
occipitAlis lateralis. 860 
trans versus, 860 
occij)ito temporal, 862 
oculo-moior, 838 
oculo-nas-1, 1 1 1 
olfactorius, 8.59 
orbitalis, 85t) 
l»arallel, 861 
posletMitral, 8,50 
postero-lateral of medulla, 
812 

precentral, 858 
ineolivary, 812 
pterygopalatiiius, 236 
! sagitt^ilis, 215, 218, 221 
sigruoidcus, 226 
spiralis extemus, 1054 
interiMis, 1055 
Bubparictalis, 860 
tali, 353 

temporal, first, 861 
second, 861 

tcrminalis of right auricle, 
004 

of tongue, 1104 
tubsB, 235 

tympanicus, 1038, 1043 
vallecula?, 827 
SfijFercilia, 1029 
' Superciliary ridge, 220 
, Superficial abdominal ring, 
508 

(!er\ ieal arteiy, 663 
nerve, 950 

circumflex iliac artery, 713 
epigastric artery, 713 
I external pudic attery, 713 
palmar arch, 081 
perineal ai tery, 701 
I temporal artery, 636 
I appli(HJ anatomy of, 636 

vein, 731 

transverse ligament of fin- 
gers, 553 

i Supeiticialis volae artery, 677 
i Superior aperture of larynx, 

I 

' carotid triangle, 641 
: commissure of brain, 849 

coronary artery, 633 
! epigastric artery, 665 

fovea of fourth ventricle, 837 
laryngeal artAy, 630 
perve, 936 V 

ligament of ln< 
of mall< 


Superior longitudinal fasoici 
lus, 879 

maxillary bone, 242 
nerve, 911 
meatus, 276 
mediastinum, 1079 
medullary velum, 831 
mtisenteric artery, 690 
lymphatic glands, 732 
olivary nucleus, 824 
phrenic vein, 748 
profunda arU*ry, 673 
thoracic artery, 669 
thyroid artery, 629 
turbinated crest of maxilla, 
245 

of palate bone, 251 
vena cava, 748 
development of, 148 
oirening of, 604 
vocal cords, 1066 
Supernumerary spleens, 1241 
Supinator brevis muscle, 547 
longus muscle, 545 
' Supporting cells of* Hen sen, 
10.57 

frarnOAvork of retina, 1023 
Supracallosal gyrus, 864 
Supraclavicidar ner*ve8, 9.51 
Suj)racondylar prrFcess, 298?^ 
ridge, extcimaf, 297 
internal, 297 

Supraglenoid tubercle. 29C 
Suf>rahyoid lymphatic glands, 
77J 

artery, 630 
triarjgle, 642 

Sux)ramarginal convolution, 

860 

Supramastoid crest, 223 
Suprameatal spine, 230 
triangle, 224 
Supraoptic recess, 853 
Supraorbital arteiy, 647 
foramen, 221 
margin, 221 
nerve, 909 
notch, 221 
vein, 729 

Suprarenal arteries. 694 
glands, 1245 

development of, 169 
lymphatic vessels of, 787 
structure of, 1246 
plexus, 997 
veins, 760 

Suprascapular artery, 062 
ligament, 403 
nerve, 955 

not/ch, 292 ^ 

SupraspinatuB musch?, 536 
Supraspinous fascia, 535 
fossa, 289 
ligaments, 375 
Suprasternal notch, 489 
space, 473 

Supratrochlear foyomcn, 299 
nerve, 909 
Sural ar1ieifea» 718 
Su^Acpi^'I^M on Masking — 
* aCisbdominal aorta, 687 
w acroiuio-olavicular joint, 
.40® 

of ankle-joint* 443 
, ' of anterior tibial arteiy, 
1 720 







